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and  convenient  practice,  indicated  by  barred  letters,  instead  of  by 
italics,  as  in  the  first  volume.  The  conversion  of  any  fonnnla  on 
the  new  notation  into  that  in  ordinary  use  is  effected  by  doubling 
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tain^ will  either  be  the  ordinary  formula,  or  its  multiple  by 
two.    KHe,  for  instance=KHO, ;  and  SaCl.=2  SnCl,.] 
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CHAPTER  I. 

KOMENCLATUBE — CLASSIFICATIOSr    OF    THE    ELEMENTS. 

(331)  Principles  of  Chemical  ^Nomenclature. — Before  proceed- 
ing to  a  description  of  the  chemical  properties  of  the  dift'erent 
elementary  substances,  and  of  the  compounds  which  are  the  result 
of  their  union  with  each  other,  it  will  be  needful  to  explain  the 

f)rinciple8  upon  which  tlie  nomenclature  in  use  amongst  cliemists 
las  been  founded.  The  object  of  tlie  inventoi*s  of  this  Ijuiiruage 
was,  not  merely  to  give  a  distinjjuishinir  name  to  the  snltstaiioes 
spoken  of,  but  also  to  convey  a  knowledge  of  their  components, 
and  even  of  the  proportions  in  which  tliuse  components  ocx'ur.  In 
the  less  complicated  substances  with  which  the  chemist  lias  t<) 
deal,  this  oliject  is  very  completely  attained.  In  those  of  a  more 
comi>lex  nature,  the  employment  of  symbols  (Iti)  becomes  neces- 
sary, in  order  to  enable  the  composition  of  the  body  to  be  ftdly 
indicated ;  and  the  formula  of  a  substance,  esjiecially  if  the 
substance  be  derived  from  the  animal  or  tlie  vegetable  kingdom, 
becomes  an  indispensable  supplement  to  its  name. 

1.  Elrments. — In  the  case  of  the  elementary  bodies,  the 
common  name  of  each  is  usually  tliat  l)y  which  it  is  distinguished 
in  chemical  language,  if  the  substance — as  is  the  case  with  many 
of  the  metals,  such  as  lead,  iron,  coi>per,  or  zinc — be  one  which  is 
familiarly  known:  if  it  be  a  body  which  the  researches  of  the 
chemist  have  brought  to  light,  the  name  is  generally  indicative  of 
some  marked  peculiarity  by  which  the  element  is  characterized. 
Thus  phosphorus  (from  <i>-^i,  <l>^pk,  liglit  bearing)  is  so  nameil 
because  when  exposed  to  the  air  it  emits  a  feeble  liglit  wjiich  is 
visible  in  a  darkened  room ;  iodine  derives  its  name  from  lijoi; 
(violet),  in  reference  to  the  violet  colour  of  its  vapour ;  hydrogen 
(producer  of  water,  Wwp,  yswau)  is  so  called  from  the  circum- 
stance that  it  is  a  necessary  component  of  water ;  and  so  on. 
The  attempt  to  introduce  a  strictly  systematic  nomenclaturo 
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t"  )r  the  elementary  substances  has  failed,  owing  to  the  strong  hold 
\.'liich  the  popular  names  of  those  in  familiar  use  have  retained 
upon  the  language ;  but  in  the  case  of  the  more  recently  discovered 
i.ietals  a  conmion  termination  in  um  has  been  assigned  to  them, 
as,  for  example,  palladium,  iridium,  osmium,  potassium,  sodium, 
aluminum,  &c.  Among  the  non-metallic  elements  analc^ie^i  are 
also  pointed  out  by  a  similarity  in  the  termination  of  the  name: 
for  instance,  chlorine,  iodine,  bromine,  and  fluorine,  have  similar 
properties;  and  the  existence  of  a  certain  analogy  between  boron 
and  silicon  is  indicated  by  the  coimnon  tennination  of  both. 

2.  Binary  Compoumls. — "When  elements  combine  with  each 
other  to  form  a  binary  compound — that  is  to  say,  a  compound  in 
which  two  elements  only  are  present,  and  in  which  also  one  atomic 
proportion*  (13)  only  of  each  substance  is  concerned — the  nature 
of  both  the  components  is  specifted  by  the  name  employed ;  the 
name  of  the  electro-negative  ingredient  (261),  beuig  that  which 
is  placed  first  as  the  generic  term,  whilst  that  ot  the  electro- 
positive or  hasyloua  element  follows  as  indicating  the  species :  for 
mstance,  a  combination  of  oxygen  with  zinc  is  designated  oxide 
of  zinc — the  electro-negative  element  oxygen  standing  first  and 
undergoing  a  modification  or  inflection  m  its  name.  The  follow- 
ing table  will  illustrate  the  maimer  in  which  such  modifications 
are.  applied;  the  symbols  of  the  different  compounds  are  given  in 
the  fourth  column.  It  is  to  be  observed  that  in  employing  sym- 
bols the  rule  observed  as  to  the  order  in  which  the  elements  are 
arranged  is  the  reverse  of  tliat  which  is  adopted  in  the  application 
of  the  name,  for  in  the  6yml)ol  the  basylous  or  electro-positive 
element  is  usually  placed  first : — 


The  componndB  of 

are  tertned 

For  example  :— 

Or  In  symhote 

Oxygen 

Glides 

Oxide  of  Zinc 

ZnO 

Chlorine 

Chlorides 

Chloride  of  silver 

AgCl 

Bromine 

Bromides 

Bromide  of  sodium 

NaBr 

Iodine 

Iodides 

loilide  of  potassium 

£1 

Fluorine 

Fluorides 

Fluoride  of  calcium 

eaF, 

Nitrogen 

Nitrides 

Nitride  of  boron 

BN 

Carbon 

j  Carbides  or 
Carburets 

Carbide  of  iron 

Fe,e 

Stilphur 

Sulphides  or 

Sulphide  of  copper 

€uS 

Sulphurets 

Sulphurut  of  load 
1  Selenide  of  mercury 

PbS 

Qnlonliim 

Selenidcs  or 

HgSo 

CUicUlUUl 

Seleniurets 

'  Seleniurct  of  cadmium 

CdSo 

Phosphorus 

1  Phosphides  or 
\      Phoaphurets 

'  Phosphide  of  hydrogen 

HI', 

1  Phoaphuret  of  calcium 

€aP 

•  We  have  already  called  attention  (13)  to  the  loose  way  in  which  the  terms 
atom  and  eqviwalent  arc  often  employed  by  chemists,  and  have  pointed  out  the  essential 
dilTerence  between  the  signification  of  the  two  terms.  For  exara])le,  an  acid  like  the 
citric  (H,0«lli07 ),  will  require  three  times  as  much  potassium  to  form  with  it  a  neu- 
tral salt,  as  is  required  by  another  acid,  such  as  the  nitric  (IINBj).  Tlic  proportion 
of  citric  acid  represented  by  the  fomiiUa  (Hjir'-tniO,)  is  nevertheless  sometimes 
inaccurately  termed  its  equivakni,  and  the  same  term  is  also  applied  to  the  proportion 
of  nitrio  acid  repreBonted  Ysj  the  formula  (HNt^i);  y''  '^st  that  these  quau- 
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3.  MrMvple  Compaunds. — It  often  happens,  however,  in  con- 
sequence of  the  operation  of  tlie  law  of  uuutiple  proportions  (10), 
that  the  same  pair  of  elements  fonns  two  or  more  compoundd 
endowed  with  ditierent  properties,  and  which  contain  different  pro- 
portions of  their  components :  the  electro-negative  element  in  tliis 
case  is  usually  the  one  in  which  the  multiple  relation  is  observed ; 
and  the  number  of  atoms  in  which  it  enters  into  combination 
in  the  p^icular  case  is  indicated  by  pretixing  to  the  name  an 
abbreviatron  of  the  corresponding  Greek  ordinal :  *pwrof  iirst, 
SeWBp%  second,  rptVoc  third,  ifec.  Tor  example,  there  are  four 
different  oxides  of  osmium : —  «• 


The  first  or  lowest  oxide  is  termed  the  protoxde  of  oamium,  or  )    ^-  ^ 

simply,  oxide  of  osmiam  J 
The  second  oxide  "        deutoxide  of  osmium     .     .     Os  O, 

The  third  oxide  "       tritoxide  of  osmium       .     .    ©s  Oi 

The  fourth  oxide  "       tessaroxide,   or  peroxide    ?   ^.  ^ 

of  osmium     .     .     .     .     J  ^° "« 


Sometimes  the  Latin  prefixes  are  substituted  for  those  derived 
from  the  Greek  :  thus  the  terms  Jtnoxide  and  deutoxide  of  tin  are 
nsed  indifferently  for  a  combination  (SnO,)  of  one  atom  of  tin 
and  two  atoms  of  oxygen.  In  the  same  way  the  fcr-chloride  of 
antimony  (SbCl,)  is  used  as  synonymous  with  the  ^nVoehloride  of 
antimony.  The  more  complicated  relation  of  3  atoms  to  2  or  1|^ 
to  1  is  expressed  by  the  Latin  prefix  ««?*(^?«,  which  means  '  one  and 
a  half.'  For  example,  we  speak  of  s^^jw/sulphido  of  iron, 
(Fe,S,),  sesquioidAQ  of  chromium  (Or,0,).  The  higlie!>t  oxide, 
chloride,  or  sulphide,  is  frequently  termed  the  j96;'Oxide,^;^/'chlurido, 
or  j?e/*sulphide.  For  example,  tlie  compound  SbCl,  is  termed  the 
perchloride  of  antimony,  and  OaS,  is  termed  indifferently  the  ])er- 
sulphide  or  the  pentasulphide  of  calcium.  This  practice  of  using 
indifferently  a  Greek  or  a  Latin  prefix  in  the  names  of  coiapouiids 
l>elonging  to  the  same  series  is  etymologically  rejjreheuriible.  If, 
for  instance,  the  compound  of  tin  (SnS)  be  termed  the  protosul- 
phkle,  the  compound  (SnS,')  should,  in  order  to  preserve  coiifsistcney, 
be  termed  the  deutosidphide  /  but  in  this  case  the  use  of  the  name 
hmdphlde  is  so  generally  sanctioned  by  custom,  that  the  employ- 
ment of  the  term  deutosulphide  in  its  stead  would  have  a  pedantic 
appearance. 

4.  Acid«. — If  the  oxides  possess,  when  combined  with  the  ele- 
ments of  water,  acid  characters,  as,  for  example,  is  the  case  with 
some  of  the  higher  oxides  of  nitrogen,  a  different  plan  is  adopted 
to  mark  this  important  peculiarity.  At  the  time  that  the  nomen- 
clature was  devised  by  Lavoisier  and  his  coadjutors,  oxygen  was 
considered  to  be  the  element  upon  which  the  existencie  of  the  acid 

titles  of  the  two  adds  aro  not  really  equivalent  to  each  other,  inasmuch  as  one  of 
them  neutralizes  three  times  as  much  potassium  as  the  other. 

In  order,  therefore,  to  avoid  this  solecism,  and  at  the  same  time  to  secure  brevity 
in  our  descriptions,  it  will  be  convenient  to  speak  of  the  quantities  of  each  acid  above 
cited  as  an  aiom  of  their  respective  acids ;  a  term  warranted  by  the  fact  that  the  formula 
<tf  each  represents  the  simplest  expression  maymhdia  which  can  be  adopted  to  mdkatx 
the  BDUtUsst  particle  or  atom  of  the  compound  wbiob  can  exist  in  a  separate  foiia. 
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character  mainly  depended,  as  indeed  its  name  (signifying  gene- 
rator of  acids)  implies.  The  system  of  nomenclature  was  there- 
fore specially  adapted  to  this  iaea.  It  frequently  happens  that  an 
element  tbrms  more  than  one  acid  with  oxygen  :  the  compound 
which  contains  the  largest  proportion  of  oxygen  is  in  this  case 
indicated  by  making  the  name  terminate  in  tlie  syllable  tc.  Is  itric 
acid  (EGN'O,),  for  instance,  is  the  acid  of  nitrogen  in  which  the 
largest  quantity  of  oxygen  is  found  :  in  like  manner  sulphuric  acid 
(H,SO,)  is  the  most  nighly  oxidized  acid  of  sulphur.  A  second 
acid  which  contains  the  same  elements  united  with  a  smaller  pro- 
portion of  oxygen  receives  a  name  which  ends  with  the  syllable 
aus :  thus  nitrous  acid  (HNO,),  and  sulphurous  acid  (H,SO,) 
indicate  acids  in  which  a  smaller  proportion  of  oxygen  is  present 
than  in  nitric  and  sulphuric  acids.  In  a  few  cases  an  acid'  has 
been  discovered  which  contains  still  more  oxygen  than  the  one  to 
which  the  termination  ic  had  been  already  appropriated.  Chloric 
acid,  for  example,  is  represented  as  (HCIO,),  but  an  acid  was  sub- 
sequently found  to  exist,  which  has  the  composition  (HCIO,) ;  in 
this  case  the  prefix  per  (which  is  an  abbreviation  for  fi«p,  or 
super,  above)  is  employed,  the  new  compound  having  been 
tenned  perchloric  acid.*  When  an  acid  is  known  in  which  the 
proportion  of  oxygen  is  smaller  than  that  which  exists  in  the 
compound  to  which  the  termination  ovs  has  been  appropriated, 
the  prefix  hypo  (from  u«o  below)  is  usually  employed — for 
instance,  chlorous  acid  consists  of  HCIO,,  whilst  the  compound 
HCIO,  with  a  still  smaller  amount  of  oxygen,  is  known  as  hypo- 
chlorous  acid. 

The  progress  of  research,  however,  has  revealed  other  acids  in 
which  oxygen  is  wanting,  but  which  are  compoimds  of  hydrogen. 
These  acids  are  usually  distinguished  by  prefixing  the  word  hydro, 
as  an  abbreviation  tor  hydrogen:  thus  chlorine  and  hydrogen 
form  an  acid,  IICl,  hydrochloric  acid,  often  called  muriatic  acid : 
cyanogen  and  hydrogen  form  hydrocyanic  or  prussic  acid,  HCy, 
and  so  on.  Some  writers,  following  the  example  of  Thenard, 
transpose  these  terms :  they  speak  of  chlorhydric  acid,  and  cyan- 
hydric  acid.  There  is  an  advantage  in  this  alteration,  since  it 
avoids  any  ambiguity  arising  from  the  use  of  the  prefix  hydro, 
which  has  in  some  mstances  been  applied  to  compounds  which 
contain  water. 

6.  Salts. — ^When  the  acids  by  their  action  upon  bases  form 
salts,  the  degree  of  oxidation  in  the  acid  is  still  indicated  by  the 

*  The  tonn  acid  has  been  employed  by  chemical  writers  up  to  a  late  pcnod,  to 
desij^ate  indifferently  either  the  anhydrous  bodies  formed  by  the  union  of  oxygen 
■with  the  non-metallic  elements,  such  as  ^tO,  and  SO>  (now  more  commonly  termed 
anhydrides,  or  bodies  destitute  of  hydrogen),  or  the  hydrated  compounds  produced 
by  the  action  of  water  upon  the  anliydrides,  such  as  HsSO,,  oil  of  vitriol  or  sulphuric 
acid.  To  avoid  this  confusion,  produced  by  the  application  of  the  same  term  to  two 
substances  essentially  distinct,  it  will  be  oouvenient  to  follow  the  practice  of  many 
later  authors,  and  to  limit  the  term  acid  to  those  hydrated  bodies  whicli  are  reaUy 
flaJts  of  hjdro^n:  IIjSO,  is  then  true  sulphate  of  hydrogen,  or  sulphuric  acid; 
jKVi9,  nitrate  of  hydrogen,  or  nitric  acid;  Ht^jUiOi  acetate  of  hydiogeu,  ot  aceVv 
aa't^  aad  ao  on. 
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name  of  the  salt.  The  name  of  the  acid  stands  first  as  generic^ 
the  name  of  the  metal  or  base  being  added  to  show  the  species. 

When  acids  ending  in  to  form  salts,  in  naming  such  com- 
pounds the  termination  of  the  acid  is  changed  into  ate :  tlms  the 
salt  formed  by  the  action  of  nitric  acid  upon  Jime  is  termed 
nitrate  of  lime,  or  frequently  nitrate  of  calcium  (Oa,NO,).  When 
sulphuric  acid  acts  upon  oxide  of  iron,  the  salt  produced  is  called 
sulphate  of  protoxide  of  iron,  or  usually  sulphate  of  iron  (FeSO^) : 
perchloric  acid  by  its  action  upon  potash  furnishes  the  salt  called 
perchlorate  of  potassium  (KCIO,).  If  the  name  of  the  acid  end 
in  07M,  the  termination  is  changed  to  ite  in  naming  the  salt ;  thus 
sulphurous  acid  and  baryta  by  their  mutual  action  fonn  a  salt 
called  sulphite  of  barium  (fiaSO,) :  hypochlorous  acid  and  soda 
by  their  mutual  action  fonn  hj-pochlonte  of  sodium  (NaClO). 

It  may  here  be  well  to  caution  those  who  are  just  commencing 
the  study  of  chemistry,  of  the  necessity  of  distinguishing  clearly 
between  compounds  snch  as  the  sulpiuYe*  and  the  sulph«/#'*,  or 
the  sulpht<^  and  the  sulph»V<?«.  Sulphide  of  sodium  (Na,S),  for 
example,  is  a  binary  compound,  containing  a  direct  product  of 
the  combination  of  two  elementarv  substances,  whereas  sulphite 
of  sodium  (Na,S0-,)  is  a  more  complex  compound  formed  by  the 
action  of  two  compound  bodies  upon  each  other.  Sulphate  of 
sodium  (Na,S0-,),  again,  contains  one  proportional  more  of  oxygen 
than  the  sulphite  ot  this  metal. 

If  more  than  one  equivalent  of  the  radicle  of  an  acid  be  imited 
with  one  equivalent  ot  a  metal,  there  is  no  difficulty  in  pointing 
this  ont  in  the  name.  A  compound  of  two  equivalents  of  sul- 
phuric acid  radicle  and  two  of  potassium  (K,SO,)  would  be 
spoken  of  simply  as  sulphate  of  potassium  ;  but  there  is  another 
compound  of  potassium  with  sulphuric  acid,  in  which  two  cciiiiva- 
lents  of  the  acid  radicle  are  present  to  one  equivalent  of  tlie 
metal ;  this  compound  is  commonly  known  as  the  bisuli)hate  of 
potash,  or  acid  sulphate  of  potassium  (KHSO,) ;  the  cii-c-nm- 
Btance  of  the  additional  equivalent  of  acid  being  in  this  and  in 
other  analogous  cases  often  indicated  by  the  prefix  hi,  (from  the 
Latin  his,  twice,)  which  is  made  to  precede  the  name  a]>pn.)pri- 
ated  to  the  neutral  salt. 

Generally  speaking,  a  metal  forms  only  one  basic  oxide — tliat 
is  to  say,  only  one  oxicle  which  has  the  power  of  forming  salts  by 
iutei'iiction  with  acids;  but  there  are  several  excoj)tions  to  this 
rule.  Iron,  for  example,  may  form  salts  corresponding  to  the 
protoxide  (FeO).  Such  salts  are  frequently  distin<xnishcd  as^>/vy- 
tosalts:  (FeO,SO,.  110,6 HO),  or  (FeSe..ri,e,OIi;e),  reinysonts 
the  composition  of  the  crystallized  sulphate  of  protoxide  of  iron, 
often  described  as  protosulphate  of  iron ;  but  there  is  another 
series  of  salts  of  iron  derived  from  the  peroxide  or  sesquioxide 
(Pe,0,)  of  the  metal;  tliese  are  distinguished  as  the  j!V/'.«</fe,  or 
sesquisalts,  of  iron:  (Fe,0„3S0,),  or  (Fe,3SO,),  represents^  tlie 
sulphate  of  the  peroxide  (or  sesquioxide)  of  iron,  and  it  is 
frequently  tenned  the  persulphate,  or  sesquisulphate  of  iron. 
These  terms,  although  in  general  use,  are  not  free  from  aiubv 
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guity.  Berzelius  preferred  to  call  the  protoxide  of  iron,  ferrous 
oxide,  and  the  protosulphate,  ferrous  sulphate,  whilst  the  sesqui- 
oxide  he  termed  ferric  oxide,  and  the  sesquisulphate  was  upon 
his  plan  called  ferric  sulphate.  This  form  of  nomenclature  umtes 
brevity  with  precision,  and  may  frequently  be  employed  with 
advantage. 

Other  forms  of  nomenclature  are  applied  in  particular  cases, 
but  these  will  be  best  explained  as  the  examples  to  which  they 
refer  arise. 

(332)  Empirical  and  Hationdl  FormvJ/x. — ^In  expressing  the 
composition  of  a  body  by  the  use  of  symbols,  the  chemist  may 
either  content  himself  with  simply  stating  the  result  of  analysis 
by  a  mere  enumeration  of  the  elements  and  the  relative  number 
of  proportionals  of  each ;  in  which  case  he  gives  what  is  termed 
the  empirical  formvla  of  the  body ;  or  he  may  attempt  an  expla- 
nation of  the  mode  in  which  he  conceives  those  elements  to  be 
associated  together,  and  by  the  arrangement  of  his  symbols  may 
give  expression  to  a  theory  of  the  constitution  of  the  body,  and 
thus  assign  to  it  a  rational  formula.  A  body  can  have  but  one 
empirical  formula,  but  it  may  be  represented  by  a  variety  of 
rational  formulse,  according  to  the  different  views  which  may  be 
taken  as  to  the  mode  in  which  its  components  are  arranged. 

Crj'stallized  sulphate  of  magnesium,  for  example,  adopting  the 
new  notation,  has  the  following  empirical  formula: — 

(l)MgH,.Se„; 

that  is  to  say,  its  constituents  are  present  in  the  ratio  of  1  atom 
of  magnesium,  14  of  hydrogen,  1  of  sulphur,  and  11  of  oxygen.  It 
is,  however,  never  so  written.  The  water  which  it  contains  may 
be  entirely  driven  off  by  a  heat  a  little  above  400°  F. ;  and  it  la 
usually  represented  as  consisting  of  magnesia,  sulphuric  anhy- 
dride, and  water,  as  these  are  tiie  materials  out  of  which  it  is 
funned:  thus — 

(2)  Mgo,  SO, .  7n,e. 

But  it  is.  found  that  at  a  heat  of  212°,  6  atoms  of  the  water  may 
be  expelled,  whilst  the  seventh  atom  requires  a  much  higher 
temperature,  so  that  it  appears  to  occupy  a  position  in  the  salt 
different  from  that  of  the  other  6  :  this  fact  may  be  indicated  by 
slightly  altering  the  second  formula,  as  follows : 

(3)  MgO,  SO, .  H,e,6H.e. 

Many  chemists,  however,  guided  partly  by  the  results  of  the 
electrolysis  of  the  salt,  suppose  that  when  once  an  acid  and  a 
base  have  reacted  on  each  other,  their  elements  are  arranged  in 
an  order  different  from  that  in  which  they  existed  when  separate, 
and  they  prefer  to  represent  the  salt  accordingly,  as 

(4)  Mg,se. .  H,e,  6H,e. 

Each  of  the  last  three  formulae  is  a  rational  formula  for  sul- 
phate of  magnesium;  and  each  conveys  far  more  information 
than  the  formula  No.  1.    Each  represents  a  theory  founded  upon 
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particular  modes  of  decomposition  which  the  salt  may  be  made 

to  experience. 

It  is  impossible  that  all  these  formula  should  truly  indicate 
the  molecular  constitution  of  the  salt,  though  each  may  represent 
tlie  gronping  of  its  component  elements  under  particular  circum- 
stances. Rational  formulae  are  indeed  indispensable  as  the  exyn*- 
nentsof  the  theories  which  guide  the  chemist  in  his  researc]je>, 
or  which  aid  him  in  arranging  and  interpreting  phenomena ;  bur, 
like  the  theories  which  they  represent,  they  are  only  temporary 
expedients,  and  they  must  consequently  always  be  regarded  as 
Bnch,  and  must  be  modified  or  discarded  when  they  no  longer 
faithfully  represent  the  conditions  of  our  knowledge  of  the  com- 
pounds which  they  are  employed  to  indicate.  A  perfect  rational 
lonnula  would  embrace  all  the  modes  of  decomposition  of  which 
8  compound  is  susceptible,  and  would  represent  the  constitution 
of  the  body  as  well  as  its  various  analogies  and  relations. 

(333)  C^eneral  Arrcmgement  of  the  Elements  adopted  in  this 
Work. — The  general  division  of  the  elementary  bodies  into  non- 
metallic  and  metallic  has  been  already  pointed  out.  There  is, 
however,  no  strict  line  of  demarcation  between  the  non-metallic 
and  the  metallic  elements. 

The  bodies  which  are  considered  as  non-metallic  constitute 
the  electro-negative  ingredient  in  the  binary  combinations  which 
they  form  witJi  the  metals,  and  are  most  of  them  insulators  of  the 
voltaic  cuiTent.  Carbon  and  silicon,  however,  in  certain  forms, 
act  as  conductors  of  electricity.  The  compounds  of  the  noii- 
inetallic  elements  with  oxygen  generally  show  but  little  tendency 
to  unite  with  acids;  on  the  contrary,  the  higher  oxides  of  nio-t 
01  them  torin  conipounds  which,  il  acted  on  by  water,  turnisjli 
powerful  acids.  These  acid-fonuiiig  oxides,  except  silica,  are 
readily  soluble  in  water ;  and  even  silica,  under  certain  circum- 
stances, may  be  obtained  in  solution. 

The  metals,  on  the  other  haiul,  are  characterized  by  a  peculiar 
combination  of  opacity  and  compactness,  which  gives  them,  when 
polished,  a  peculiar  brilliancy,  termed  the  metallic  lustre;  they 
are  good  conductoi-s  of  heat  and  electricity,  and  most  of  theiu,  by 
camliiiiati'>n  with  oxygen,  form  powerful  bases.  It  is,  neverthe- 
less, soMU'tiino.s  (lithcult  to  determine  whether  a  body  should  l)e 
regarded  as  a  metal  or  not.  Arsenicum  has  a  high  metallic 
lustre ;  but  it  is  more  closely  allied  to  phosphorus  than  to  any 
other  elciuentarv  substance,  and  both  its  oxides,  when  dissolve  I 
in  water,  are  eiulowed  with  well-marked  acid  properties.  Tellu- 
rium also  exhibits  the  closest  analogy  with  selenium  and  with 
sulphur,  l)ut  it  possesses  high  lusti'c,  and  some  conducting  power 
for  electricity. 

The  subdivision  of  the  simple  substances  into  non-metallic 
and  metallic  is,  however,  convenient  to  the  student,  and  it  will 
therefore  be  retained  in  this  work.  The  order  in  which  the 
ditferent  elementary  bodies  will  be  treated  is  not  in  all  cases  that 
which  a  rigid  adherence  to  analogy  would  indicate,  though  this 
has  been  adopted,  excepting  in  those  instances  in  which  it  seemed 
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more  ndvantagoons  to  tlie  student  to  follow  a  dift'ereiit  coiiree. 
In  most  casoe  we  bIiuII  tiivt  examine?  the  chemical  pMjx'rtjea 
wliicii  iiro  e\hibito(l  hv  fach  of  the  elements  in  it^  uncoiul»iued 
loi'in  ;  wo  ftliail  then  study  the  LTeiierul  uatnre  of  its  actions  upuu 
other  elements,  and  shall  afterwards  examine  the  more  important 
componnda  into  the  formation  of  which  it  enters. 

In  describing  the  proiinrties  of  the  non-metallic  element*,  it 
•will  be  found  a  convenient  arraiisjement  to  cfmsider  first  the  four 
elements  which  enter  into  the  composition  of  those  all-pervading 
and  aIl-im]>ortant  substaneeis,  air  ami  water,  and  tlien  to  jiass  on. 
to  others,  classinix  them  together  aceordin'j  to  the  general  analogy 
of  their  properties.  Following  this  plan,  we  ehall  consider  first 
the  properties  of  what  may  be  termed  the  atiiunipheri.c  qroxip  of 
elements — viz.,  oxyf^en  ;  nitrogen  (and  the  atmospliere) ;  )ij<lrogeii 
(and  water^ ;  carbon  (and  carbonic  acid). 

We  shall  next  examine  some  of  the  more  important  compounds 
which  these  bo<lips  form  with  each  other,  and  shall  then  describe 
the  well-marked  natural  groui>  constituting  what  IJerxelius  termed 
the  Ifahgerts^  from  the  circumstance  of  their  forming  with  tlie 
metals  saline  compounfis  rcscmliling  common  salt  ;  tliis  group 
comprises  chlorine,  bromine,  iodine,  and  tluorine. 

Tlii-ee  cotnbustible  elements  will  be  taken  next  in  order — viz., 
<6iilphur,  selenium,  and  tellinnum  :  these  will  be  followed  bjpbo«- 
pliorus,  and  the  general  smwey  of  the  non-metallic  elements  will 
Ik!  (roin]>Iete<l  wltii  silieon  and  boron. 

For  the  convenien<-e  of  description  and  of  reference,  the  metala 
will  be  arranged  in  eight  aron]>s,  in  tlie  following  order.  Tho 
elements  wliicli  com]>ose  eacli  group  generally  present  some  natu- 
ral resemblance,  though,  as  already  stated,  tlje  chweification  does 
not  in  all  esises  bring  together  those  which,  in  chemical  habitudes, 
are  really  the  most  closely  allied. 


1,  Potassium, 

2.  Sodium. 


I.  Metahi  of  the  Alkalies — 5  in  numher. 

5.  Rubidinra. 


3.  Lithium. 

4.  Ccesium. 


II.  Metiils  of  the  Alkaline  Earth» — 3  in  numher. 

I3arinm.  |      2.  Strontium.         |      3.  Calcium. 

III.  Metals  of  the  EnrtJiS — 10  in  number. 


1.  Aluminum. 

2.  (Tlucinmn. 

3.  Zirconium. 

4.  Thorinnm. 


5.  Yttrinm, 
0.  Erbium. 
7.  Terbl»m». 


S.  CiTium. 
9.  Lanthanum. 
10.  Didynjimu. 


IV.  Magneton  Metais — 3  in  numher. 
'l.  Magnesium.       |      3.  Zinc.  |      3.  Cadminui. 

V.  Metals  more  or  has  anaioyons  to  Iron — C  in  numher. 


1.  Cobalt. 

2.  Nickel. 


8.  Umnlum. 
4.  Iron. 


5,  (/hromium. 
(!.  Manganese. 
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LTin. 

I  ^ntaniimi. 

8.  Oobunbium. 

II  Tantahun. 


I 


6.  Hdybdeniim. 

6.  Tanadiiun. 

7.  TongBt^u 

YIL  ZMeUOs. 
2.  Lead. 


8.  Arsffldie. 

9.  Antimony. 
10.  BifimnUu 


\     8.  Thalliiun. 


yUL  N<XU  M6Ud8—9  in,  number. 


4.  Platinum. 
6.  PaUadiam. 
6.  Bhodinm. 


7.  ^ntibtauam. 

8.  Osmiom. 

9.  IridiTim. 


1  Ospptt. 

1.  Msreaxj, 
iSihrer. 
3.  Gold. 

If  a  Btrictlj  natmul  order  yrere  to  be  followed  in  ffronping  tiie 
ftoente,  it  would,  however,  be  necessary  to  modify  uie  forgoing 
atnn^ent.    Tms  will  be  rraidered  evident  bj  pointing  oat  the 
^a08t  important  natural  groups  into  wluch  the  elementary  bodies 
>^  (K  being  sabdiTidraL    xhe  detailed  indication  of  the  points 
ofneoi^blance  b^ween  the  membffls  composing  each^roup  must 
be  defetred  until  the  properties  of  the  group  are  conamereid.    In 
nny  instmces  these  natural  relations  between  the  iiyiividnal 
dements  thus  grouped  togethw  are  very  striking,  in  others  they 
'in  vaare  obscurely  marked,  and  in  the  case  of  tite  metals  of  the 
.  miQa  proper,  as  well  as  of  the  noble  metals,  the  natural  chemical 
relations  of  these  elements  with  the  others  are  as  yet  but  incom- 
pletely known.     In  the  table  which  follows,  the  principal  elemen< 
taiy  bodies  are  represented  in  two  con  7erging  series. 


Monads. 
Fluorine. 

Chlorine. 
Bromine. 
Iodine.  . 

Dyads. 
Oxygen; 
Sulpnur, 
Selenium. 
Tellurium. 


Kitrogen. 

Phosphorus.^ 
Arsenic. 
Antimony. 
Bismuth. 

Boron.  . 


Tbiads. 


Kntheninm. 
Khodinm. 
Iridium. 
Gold. 


Monads. 
Hydrogen. 


Ccesima. 

Rubidium. 

Potassium. 

Sodium. 

Lithium. 


Silver. 
Thallium. 


Dtads. 


Barium. 

Strontium. 

Calcium. 

Mj^esium. 

Zinc. 

Cadmium. 


Lead. 
Mercury. 


Copper. 
Nickel. 
Cobalt. 


Iron. 

Chromium. 
Manganese. 
Uranium. 
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Carbon. 

Silicon. 

Titanium. 

Tin. 

Zirconium. 

Niobium. 

Tantalum. 


Tetbadb. 


Palladium. 
Platinum. 


DTA08. 

Cerium. 

Aluminum. 

Molybdenum. 

Vanadium. 

Tungsten. 


CHAPTEE  n. 

FIK8T  MVTBION. — NON-METALLIO  ELE1£E1«T8. 

The  following  table  gives  a  general  view  of  some  of  the  most 
important  of  the  constants  ot  the  non-metallic  elements.  The 
squares  employed  in  the  column  headed  "  Atomic  Volume,"  indi- 
cate the  relative  volumes  occupied  by  a  quantity  in  grains  of  each 
of  the  different  elements,  corresponding  to  the  numbers  given  in 
the  column  of  "  Atomic  Weights,"  assimiing  that  the  space  occu- 
pied by  one  grain  of  hydrogen  under  similar  circumstances  of 
temperature  and  pressure,  would  lUl  a  space  of  one  square  or  one 
volume. 

TABLE  OP  NON-METALLIC  ELEMENTS. 


SymboL 

Atomlo 
weight 

Atomic 

TOI. 

Specific  gravity. 

FadnK 
ptF°. 

Bollinc 
PLF-T 

NAMK 

QtMona. 

Solid. 

Theoiy. 

Expt 

1 

Oxjgen 

e 

16 

n 

1-1056 

1-1056 

2 

Nitrogen 

N 

14 

n 

0-9674 

0-9713 

3 

Hydrogen     . 

H 

1 

n 

0-0691 

0-0692 

4 
6 

Carbon 
Chlorine 

CI 

12 
35-5 

? 

D 

2-453 

2-47 

3336 

never 
fused 

6 

Bromine 

Br 

80 

D 

6-6281 

5  64 

3-187* 

9-6 

146-4 

7 

Iodine 

I 

121 

D 

8766 

8-716 

4-947 

326 

347 

8 

Fluorine 

F 

19 

a» 

1-313 

9 

Sulphur 

S 

32 

n 

2-2112 

2-2 

205 

239 

836 

10 

Selenium 

Se 

79-6 

G 

6-486 

6-37 

4-788 

423 

{btknr 
T 

11 

Tellurium 

Te 

129 

n 

8-913 

9-00 

6-66 

•bore 
800 

12 

PhoBphoma  . 

P 

31 

□ 

4-284 

4-42 

1-83 

111-6 

660 

13 

Silicon 

Si 

28 

T 

— 

— 

3-48 

? 

14 

Boron 

B 

10-9 

t 

^^ 

^ 

3-68 

? 

•  8ik.gr.  of  Bqiiid«ka»o. 


oo>rporxD  nattke  of  the  atmosphebe. 
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(334)  CiTmpound  Nature  of  the  Atmosphere. — The  clifrnieji' 
researches  of  tho  pliilojjonliet^  of  the  Iwst  century  are  etipeciiillj' 
reinarkalilo  on  accoinit.  ot  tho  important  information  which  tlicy 
affonJetl  npon  the  nuture  of  the  atmosphere.  Indeed,  the  know- 
le^Jffe  thttjj  obtrtiiic<l  iii.\v  be  ret^arih'd  a*  the  start injjj-point  of  the 
brilliant  (;lirnii(.'al  diticuveries  which  have  since  &uccL'e<ie<l  each 
'  other   with   such    riipidity.     These  re.*earches  have  aliundantly 

{•roved  tliat  the  air  is  fur  from  being,  as  it  was  once  eni»po!jed  to 
K?,  an  eloniontjiry  l>ody.  It  has  been  found,  on  tiio  coutriiry,  to 
be  a  mixture  nf  several  BubbtauceB,  some  of  which  ai'e  elementary, 
Others  compound. 

Tho  most  remarkable  and  abundant  of  tlie  constitnents  of  the 
air  are  tlif  elcmontary  licKHes,  oxygen  and  nitrogen;  anil  of  its 
cotnpimnd  ingredients,  the  most  important  are  aqueous  vapour 
nnd  carbonic  acid,  or  rather  carlK>nic  anhydride,  as  it  must  bo 
calle<i.  in  order  to  preserve  consistency  in  our  nomenclature. 

Tlie  most  direct  prootls  of  the  comiionnd  character  of  the 
atmftT'phere  are  attbrded  by  examining  the  effects  produced  upon 
it  by  burnin'T  bodies.  Bt)die8,  aa  \i-  well  known,  cannot  bum 
without  the  free  acceps  of  air.  On  placing  a  lighted  taper  under 
the  receiver  of  the  air-pump  and  exhausting  the  air,  tlie  flame 
beconies  extinguished.  A  limited  tpuintity  of  air  will  support 
c<»mbu!ition  t'or  but  a  limited  ]>eriod  :  a  lighted  taper  floating  on 
water  under  an  inverted  boll-gla-^s,  the  ellge  of  which  is  phiiiged 
Ijeuuath  the  water,  soon  begins  to  bum  dindy,  and  at  length 
boeomed  extinct.  But  the  tai)er  ceases  to  burn  long  before  the 
wr  it*  all  6j)eut ;  the  receiver  still  contaiiLs  a  large  <juantity  of  a 
ga«?ouB  body  in  which  a  candle  will  not  burn.  The  results 
olitaini'd  V)y  burning  a  candle  in  a  limited  portion  of  air  are,  how- 
e%-er,  rather  eon^plicated,  becaa-se  the  products  wliich  are  formed 
by  the  liurning  body  ri:«e  in  the  fonn  of  gas,  and  become  mixed 
with  the  remaining  portion  of  air.  Lavoisier  contrived  toob\Tate 
tbU  inconvenience  by  acting  upon  the  air  with  a  sulwtauce  wliich 
produced  a  (?<ilid  IkmIj  as  the  result  of  the  chemical  action,  so  that 
It  left  the  nir  unmixed  with  any  gas  which  rose  from  the  burning 
bo<ly.  The  material  which  he  employed  to  decompose  the  air 
Was  metallic  mercury,  a  substance  which  acts  very  slowly,  and 
which  does  not  burn  in  tlie  ordinary  sense  of  the  tenn.  The 
ei]>eriment  may  be  performed  as  follows: — 

Into  the  bulb  of  a  tlstsk  or  retort  (a,  tig.  266),  provided  with  a 
no<;k  of  considerable  length,  an  ounce  or  two  of  metallic  mercury 
io  iutroiiuced  :  the  neck  of  the  flask  is  then  bent  in  the  manner 
ihown  in  tho  Hgure,  and  the  bent  jmrtion  plunged  into  a  mercu- 
rial bath,  BO  iu*  to  leave  the  open  end  of  the  neck  projecting  above 
the  level  of  the  mercury,  into  a  jar  partially  filled  with  atmoa- 
pherie  air.  The  hulk  of  tins  portion  of  air  is  then  accurately  ol>- 
•ervcii,  and  the  temperature  and  barometric  pressure  at  the  time 
of  the  observation  are  recorded.    Heat  is  now  applied  to  t\\e 
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tlask,  ftiid  maintjiiued  stoiKlily  at.  a  point  just  Wlaw  tli:u  riMjiii 
to   make  the  luei'ciny   ItoiL      It'  tliib  tuuiperatiire  liu  cnutiiiUfil 

fur  Uii-ee  or  fou; 
4  Fio.  266.  consecutive  «layd 

the    Mir    incltwicHl 
Lotli  in   the  tiasl 
and    in    the    ji 
will  participate!  ii 
the  action.     Tli< 
mercury    in     th« 
fl«;sk  will  <;radti« 
ly  hfciinie  cover 
cdwith  red  pcalt 
ainl  the  air,  whic) 
at  fips^t  e.Y]mnd€ 
from  tho  action  o| 
tlie  hent,  and  d« 
j)rc.-vst<J  the  lev( 
of  tlie  mercni'\'  ial 
the  jar,  will  f-ivvr- 
ly  decrease  in  bulk  until  fresh  scales  no  longer  continue  to  Im 
formed,     Wlien  thia  point  is  reached,  the  source  of  heat  may 
removed,  and  the  remaining  air,  when  cold,  will  be  found  to  mea- 
enre  about  one-tiftli  krss  than  it  did  at  tho  commencement.     If 
portion  of  this  rcs>idual  air  Ik;  decanted  into  aiiotherjar.it  will 
lound  to  l)e  unfit  fV>r  the  Rijiport  of  nnimal  life  ;  a  in<>iih.e  orotlier 
email  animal  introfluced  iutti  it  sipfcdily  dies,  and  the  Hiune  of  ai 
candle  is  instantly  extinguished.     The  gas  \vhi<"h  has  lit-t^n  thna 
ubtained   is   an   elementary  bo<ly,  nearly  in   a  wtate  of  purity,, 
termed  niiroijtrn  (33J»).     In  this  experiment  the  heated  mereur_ 
Iiiu*  been  slowly  ejecting  the  removal  of  the  oxygen  from  the  aif.j 


^J 


I.  OxroEN.  O  = 


Ifi  ;  AUmiw  Ynl.\^\  MoUintle  L 
;  (0=S)  SjKrJfc  (iraintu,  \-\()h(S. 


in  free  staiel 


(335)  If  the  red  scales  which  are  formed  utton  tnorcnry  when,; 
as  in  the  foregoing  exj)eriiiu'nt,  it  is  heated  in  a  confinwl  jmrtior 
of  air,  be  introduced  mto  a  !*mall  ghiHs  retort  and  exposed  to  i 
strong  heat,  they  will  gradually  disMppcar  ;  drops  of  meivury  wil 
becoujc  condensed  in  the  cool  part  of  the  retort,  and  a  pai«willb« 


of  llii«  work, 


hydro^i'ii   rmiiiim  uiihIiciviI.     OtiiiBcuut'iitly  i\\ 
ilidc«.'(j  iu  thi*  itiffrpn-lJiHon  of  fht'tiii'vil  i>li"f! 

If  th...  lit. 
oxviron  will 
fr.'    ■     ■ 


•ttiUKi  uuUunnijr  b/  t  Toinnua  uiaumd  ul'  bj 


lui  maUicnl  ol  rtfpTcitcllttnj 
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disengaged,  which  may  be  collected  over  water.  If  the  experiment 
bepertonned  with  accuracy  the  quantity  of  the  ga's  obtained  will 
be  exactly  equal  in  volume  to  the  bulk  absorbed  from  the  air  by  the 
mercury.  To  this  gas  the  name  of  Oxygen  (generator  of  acids, 
from  «s5ff  sour,  and  yfvvoiw  to  produce)  has  been  given.  It  is  an 
elementary  body,  and  from  the  abundance  in  which  it  occurs,  the 
number  and  the  variety  of  its  compounds,  and  the  necessary  pai*t 
which  it  performs  in  the  maintenance  of  life,  it  must  be  regarded 
as  the  most  remarkable  and  important  of  the  simple  bodies. 

Properties. — Oxygen  possesses  extremely  powerful  chemical 
attractions  for  other  elementary  substances ;  one  element  only 
(fluorine)  being  known  with  which  it  does  not  combine.  Owing 
to  the  intensity  with  which  many  of  these  combinations  take 
place,  oxygen  gas  possesses  the  power  of  supporting  combustion 
m  an  eminent  degree.  If  a  splinter  of  wood  with  a  glowing  spark 
on  any  part  of  it  be  plunged  into  the  gas,  the  wood  will  instantly 
bnrst  into  flame,  and  will  burn  with  extraordinary  brilliancy. 
Many  bodies  which  bum  tranquilly  in  air  often  deflagrate  with 
violence  in  oxygen.  Phosphorus  bums 
in  it  with  a  bruliancy  which  is  painful  Fio.  267. 

to  the  eye,  and  in  like  manner  sulphur 
and  charcoal,  if  previously  kindled,  bum 
in  the  gas  with  great  vehemence  :  many 
metals  also  bum  vividly  in  it ;  a  piece 
of  potassium  of  the  size  of  a  pea,  if 
placed  in  a  small  copper  spoon,  c,  flg. 
2t5T,  and  heated  strongly  by  a  spirit 
lamp,  bursts  into  flame  when  plunged 
into  the  gas;  if  a  piece  of  Geriiian 
tinder  he  attached  to  a  piece  of  watch- 
sprinfr  or  thin  steel  wire  and  be  lighted, 
to  start  the  combustion  before  it  is  intro- 
duced into  the  oxygen,  the  wire  will  bum  with  brilliant  scintilla- 
some  compounds  by  2-.  others  by  4-v9lnrae  formubB,  as  heretofore  practised,  in  tlio 
Tarioiis  Miuatioiis  by  which  chemical  reactions  are  represented. 

il'/kc'ilar  formute  will  always  be  employed  where  it  is  practicable.  Such  molecu- 
lar formulae  will  indicite  quantities  of  each  compoiuid  the  volumes  of  which  amount 
todouViJe  the  combining  volume  of  hydrogen,  if  11  =  1;  as  for  example: — 

Free  oxyfren ...  

Free  hydrogen  ...  ... 

Free  chlorine  ...         ...         ... 

Free  nitrogen  ...  ...  ... 

HydroclJoric  acid 
Steam 

Sulphuretted  hydrogen 
Seleniuretted  hydrogen 

Oiygen  belonars  to  a  class  of  elements  including  sulphur,  selenium,  and  tellurium, 
which  may  be  termed  (lectro-nvjative  dyads.  Tiiey  are  characterized  hy  their  power 
of  uniting  each  with  twice  its  volume  of  hydrojren,  furnishing  a  gaseous  compoiuid 
in  which  the  three  volumes  are  condensed  into  tlie  s])ace  of  two ;  one  atom  of  the  ele- 
ments belonging  to  this  group  may  be  said  to  bo  equivalent  in  comliination  to  two 
atoms  of  hydrogen  or  of  the  halogens.  The  molecule  of  these  eleuiouls  contains  2 
atoms:  «.j.  SSorS5=C4,  the  molecule  of  .sijjpijur;  Sej  =  l59,  tiiO  molecule  of  solcu'mm. 


Equal 

Molecular 

vols. 

weleht. 

oe 

=7 

32 

HII 

=: 

2 

ClCl 

= 

71 

NN 

:= 

28 

HCl 

=■ 

36-5 

HjO 

= 

18 

H,S 

= 

34 

HiSo 

= 

81-5 
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tions ;  and  zinc  foil,  tipped  with  sulphur  and  kindled,  burns  in 
oxygen  with  an  intense  bluish  white  light. 

Oxygen  is  essential  to  the  support  of  animal  life,  and  hence 
by  the  older  chemists  was  termed  mial  air.  A  small  animal  will 
live  in  a  conlined  space  filled  with  oxygen  for  a  longer  period  thaa 
in  an  equal  bulk  of  air ;  but  the  gas  is  ot  too  stimulating  a  quality  to 
be  breathed  undiluted  with  impunity  for  any  considerable  time,  and 
before  long  it  produces  death  from  over-excitement  of  the  system. 

Oxygen,  like  air,  is  destitute  of  color,  taste,  and  smell.  Of 
all  known  substances  it  exerts  the  smallest  refracting  power  upon 
the  rays  of  light.  Hitherto  all  attempts  to  reduce  it  to  the  liquid 
form  by  the  combined  application  of  pressure  and  of  cold  have 
proved  fruitless.  Oxygen  has  been  proved  to  possess  weak  but 
decided  magnetic  properties,  like  those  of  iron,  and  like  this  sub- 
stance its  susceptibility  to  magnetization  is  diminished,  or  even 
temporarily  suspended,  by  a  sufficient  elevation  of  temperature 
(325).  It  is  heavier  than  the  atmosphere,  its  specific  gravity, 
according  to  Regnault,  being  1'10563  ;*  100  cubic  inches  weign- 
ing  3't-203  grains  ;  it  is  only  slightly  soluble  in  water,  which  takes 
up  about  TjJy  of  its  bulk,  at  32°,  and  -^  at  60°  ;  100  cubic  inches 
ot  water,  according  to  Bunsen,  dissolving  4:'ll  cubic  inches  at 
32°,  and  299  cubic  inches  at  59°  F. 

Preparation. — There  are  several  methods  of  procuring  oxygen 
gas,  the  simplest  of  which  consist  in  the  exposure  of  certain  metalUc 
oxides  to  a  nigh  temperature,  by  which  they  are  made  to  give  up, 
more  or  less  completely,  the  oxygen  with  which  the  metals  had 
combined. 

1. — The  oiiginal  method  of  Priestley,  by  which  he  first  isolated 
pure  oxygen,  in  1774,  consisted  in  lieating  the  red  oxide  of  mer- 
cury to  700°  or  800°,  2  Hf^  yielding  2  Hg+O, ;  but  there  are 
other  modes  of  procuring  it  which  are  more  convenient  and  eco- 
nomical, 

2. — For  the  supply  of  large  quantities  of  oxygen  it  is  usual  to 
employ  the  black  oxiue  of  manganese  (MnO,),  a  mineral  which  at 
a  red  heat  parts  with  one-third  of  the  oxygen  which  it  contains, 
whilst  a  reddish-brown  oxide  of  manganese  remains  behind: 
3  MnO,  giving  Mn,0,+0,.  The  mineral  niust  be  reduced  to  small 
fragments  of  about  the  size  of  a  pea,  and  introduced  into  an  iron 
bottle,  tig.  268,  to  the  neck  of  which  an  iron  pipe  is  fitted  by 

f  rinding ;  the 
ottle  is  heated 
in  a  furnace, 
and  the  gas  is 
conveyed  to  the 
gas  -  holder  by 
means  of  a  piece 
of  fiexible  me- 
taUic  piping  of  suitable  length.  As  the  oxide  of  maiit^anose 
usually  contains  water  as  well  a^j  a  portion  of  nitrates  and  some 

*  Dumas  and  Bousainfrault  found  tho  density  of  oxygen  almost  exactly  the  same 
oa  that  given  abov&— viz.  1-1037 ;  De  Sauasuru  states  it  to  b«  11066. 
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FlO.  269. 


wlmiiafe  of  calciuYu,  the  tii-st  efl't-ct  of  heat  is  to  drive  oft'n  tjimn- 

•"     I   tuniii  mixed  with  u  irns  whitdi  c«in!*l&t.^  iiritH'ijnillv  ut  ear- 
iilivdride  mixed  Mini  nitn»iren,  whicli  lu-st  pt-i,  ruiut.ner, 

ii.iii.illv  is  (bdveu  oti'  at  a  hitor  jteriud,  and  (."Oiitnrniiuvti'h  tlie  o.w^en 

oftn  tn  the  extent  of  5  or  »•  per  et'iit.  Wlioti  tlio  }^iw  that  oDiiiea 
-  nglowiiis  matfii,  it  iiiay  he  collected  for  ii.*e.  liltick 
ii!?aiiese,  when  pure,  furiii:?iies  alKnit  <.itK;-iitiith  of  its 

vivL'ht  lit'  oxygen  ;  but  iis  mot  with  in  m)mmuri;e  it  seldom  yieldij 

Dii/n-  lliiiii  hitlf  this  quantity,  A  pound  giving  oS  about  1-K^O  cubic 

iiichi'8  cif  the  gas. 
3,— .\  stijuily  of  very  pure  oxygen  may  ako  Imj  obtained  readily 

W flu* action  of  heat  upon 

wv  •ah  known  a»  chlorate 

ttf  )i*i!!isli,  or,  as  it  !?liould 

becalli'd,  to  be  consistent, 

dJorate    of    potaj»»ium ; 

»i«  or  300  gniins  of  tins 

''     ay  lie  lieated  over 

.'ine  or  a  charcoal 

!ii'i%  i:i  »  groou  glass  re- 

(urt  or    in    a    rlorence 

flai'k.  F    (tig.    2r>i>).    fiir- 

niiliLMl  with  u  cork  which 

i«  wlajitecl  to  a  bent  tube 

(at  delivering    the   ea.s ; 

tiie  mk  fuses  at  a  heat 

Ik  I  '  M-^fl,  and  at  a 

U-.  A  little  alwjve 

lU  lucking  point  emits  a 

lai^o  (piantity  of  gas,  wliich  may  be  collected  in  pirs  over  water 

bllie  pncntuatic  trougli,  or  it  may,  if  not  wanted  for  immediate 

itte,  lie  stored  up  in  a  gas-holder  (30V     If  a  jar  of  the  gas  be 

dwHl  with  a  guUs  plate  it  may  readily  l»e  itivertefi,  a*  at  a,  fig. 

STO,  and  Us  power  ol"  support ing  oouibustion  tested  bv  a  taper,  aa 

«hnwii  at  u.      The  oxygen  fui'uished  by  chlorate  ol'  potJissiuin 

aniouuts  to  more  '  nan  one-  yio.  210. 

liiirt  of  the  weight  of  the 

salt  iii^e<l;   1  ounce  of  the 

crystals  should  yield  about 

512  cubic  inches,  or  nearly 

Sj^allouiiof  thegas.     (Jhlt> 

rate  of  potassium  is  a  eoin- 

p«mnd  of  chloric  acid  radi- 

Hf  w-itli  potassium  ( lv('U:>,); 

v\:  d    snrticicntly, 

tli'.  i  "com  pose*  1,  and 

S'ves  tip  all  its  oxygen  in 
e  gageoiis  fonn.  wliilst  the  cldorine  and  potassium  unite,  and 
iwutilute  the  white  salt  which  remains  in  the  retort  when  the 
o|u  ■    over.     The  change  may  be  thus  represented  in.  6yiu- 
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4. — ^AVIicn  the  qiiautita'S  of  c]ilorate  eniployrd  uro  mtliei-  Ijirjjfl 
tlie  heat  ri'ijiiiivtl  ifiaiit  to  eot'ten  the  gl;Lss  iiftlif  fla^k  in  uhicJi  ij 
is  <h.>coinposei.L     It  hsu?,  liowcver,  Ijccu  J'uiiiuj  that  iminy  tiietalliil 
oxides,  if  nuxed  in  line  powder  with  tlic  pulverized  clikirnto  In 
proportion  of  not  less  than  one  imrt  to  ten  of  tlie  Bait,  cause  th^ 
expuli>ioii  of  the  ciis  at  a  much  lower  temperature,  ranging  1    *■ 
450^  and  5U()°  !•.,  allhuiigli  Bueh'o-xidus  have  not  heen  | 
experience  any  cheinieal  cimuLre  during  the  ojteration  ( luu^j.     H 
is  therefore  convenient  iu  practice  to  mix  the  chlurate  ot  pota><i^iui4 
with  about  a  fourth  of  its  weijiclit  of  lilack  oxide  of  cojiper  ^^<:?^t>l 
or  of  oxide  of  manganese,  that  has  been  ])re\iously  heated  to 
uess  and  allowed  to  cool.     The  gas  which  is  obtained  in  thiii  •wiij 
always  contains  traces  of  chlorine,  and  the  heat  mu&t  be  eareftillj 
watdied,  as  at  a  particular  point  the  oxygen  is  disengaged  wit 
very  great  rapidity. 

Oxygen  may  bo  obtained  fmni  various  other  sultstances,  bi 
those  already  mentioned  are  the  heet,  and  are  the  materials  tuuttl 
frequoiitly  employed.  Ked  lead,  and  the  peroxides  of  most  of  till 
metals,  puch  as  tliose  of  silver  and  lead,  as  well  ari  the  nilnitf!**  ul 
potassium,  6odium,  and  barium,  when  heated  stnjngly,  furuibh  tbi 
gaa;  it  may  also  be  obtained  by  heating  chloride  of  liiuo  of 
bleaching  powder;  and  a  mixture  of  pulph  uric  acid  iu  its  contx'l 
trated  form,  with  half  its  weight  of  powdered  oxide  of  manganeseJ 
or  of  aci<l  chromate  of  potafisiuni,  may  also  be  iruidc  ute  of  bjj 
applying  heat  to  tbe  materials  placed  in  a  glass  retort.* 

*  Acid  chromnte  of  potoBstum  and  Bulphtiric  ndd  when  heated  together  nii<1f  r 
■  de«>ti)ix>sil.iou,  in  cousoqiieiiw  of  wliloli,  oxygon,  noid  fuJplmlo  of  pot:i' 
stilpKnto  nf  chroioium  aru  produced.    This  ciiiuit;e  niny  bo  roprusoutcd  in  ' 
iug  jiinimer:— 

Arlil  Chrnn),  poljau.  Bulph.  A(<M.      Arid  Sulph.  Potua.  Bnlph.  Qirnni.  Wntcr,      Oxygn 


Ov 


2  K.,i:ttO,         +   IU  n,SO,   =    4  KHSO,,      2  {t-r,3H0,)    +    8  U,€f    +    i 
Piirt  of  (ho  diilpliurin  tieid  is  eini)loyed  in  digplneinn  the  chromio  ar''i\  iVr.ii. 
sHd  cliromuk'  of  pol4i.'RimM,  und  in  lortniui^  iicid  HHlpiniic  <i(  |«^l!l^xllllll  ii 
whilst  anollior  portion  of  Ibi'  Bulpliuric  ui'i'I  iwtiisi*  in  •li.'coiiiiiofinj,' tl' 
cliromic  acid,  which  loses  hulf  itt<  oxyjteii,  mid  l>cvomi'8  cotivi  rioil  iiito  ..xiil.. 
chroailiim  •  «nd  thr  <'hrniniiim  of  tliis  oTidc.  liy  ciii'linnu'iinr  Tilmt"*  witlt  llit>  liydro] 
of  the  -    ■    ■  ■',,.'.  ■    ■ 

w:,  ,s,  pL-vi: 

and  III ; ,..,..,.!. -,,,..,.  ■ '-■ 

(Wiirtv  iif  till.' jnis.     A    !  retort  is  chur^cil  W' 

fln'-hrii'k.  nil  in.in  tul*  -  'li  l"  the  tHittiiiii  of  l\f  ■ 

into  the  tuliiduri,-.  und  wuvu  lltu  rolorl  i»  ui  h  M\  red  Ik-iiI,  tlm  lu-'ui  is  mUu 
pir.s  111,  drop  iiy  drop,  through  a  bent  funnel.     In  thin  npiniiion  th"  eulphu; 
is  demmpnsed  irii4t  sulphurous  odd,  oxygen,  aud  wutur,  as  may  be  repruscai 
tho  fMllotttiig  ciiiittijoii: — 

biilphuric  Add.  8ul)ihl(roa<  anhjrdrlde. 

a  n,8o.  =  2  n,e  +  im>..   ~   o,. 

Tho  Tolntilir.nd  proHiiots  nrc  tnuisinlttvd  tlirouaii  »  !•  tinf  r  to  liqwl] 

tlio  wntt-r    Hiid    miilmronipoiiiHl    ai-ld,   whihtl    lliir  v-  ihIl-    is   remot 

)>y  -iiiliDMiuviit  vrnAhitig  wtth  tlio  water,  luid  tho  oxyguu  ib  uuliuulud  la  tho 
miiunirr. 

I'iii?(i  till [<l into  of  zinc  IlkewiMi  fiiminhmii  osygMi  and  inlphnrous  atdiydrldj 
rt-fl'lilv  ou  till'  upplicatlOQ  of  a  full  red  bent,  wliilc  oxido  of  xUic  rvoi*iu«  iu  Ihl 
retort.— 

2  ZnSO.  =  S  Zae  -t-  S  S^t  i-  0: 
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i)  Xaficrif  of  (VnnhuMlon. — Tlie  <iiiftitiiriii>liini7  feature  ol" 

13  it.«  reiniu'katilo  power  of  iiipurirtiii!!  combnstTon.    M'^heii- 

I'voranv  nipid  cliciniL'al  action  ntleudetl  with  extrication  of  li^liC 

111  1  li'jit  tiikei  place,  coinhustluii  is  said  \.<)  occur.     In  onh.-r  t.» 
i.-e  this  action  it  is  generally  ncewwary  to  aj^ply  he:it  ; 

111.  ix.inU  flic  lieut  whicli  is  libcrato<i  (hiring  the  process  is  in*r'^ 

tliwi  hufticieut  to  currv  it  on,  aiul  the  act  t)f  cuniljinution  pr<j<-eiHN 

•rcaciiii.'  rapi<lity.     A  stick  of  charcoal  may  be  kvjit  iji 

<if  foniTTion  teiii])eratiire  for  years  without  entorin^jf  into 

■   with  the  cjas,  but  the  sinalleet  npark  upon  tiie  surface 

L>al  will  suttice  to  deteniiilie  its  imuiediate  and  vivid 

combuiition. 

It  must  ever  be  home  in  mind  that  in  the  cafle  of  combustiou, 

13  in  Dvory  instance  of  chemical  action,  how  completely  Boever  the 

combustible,  or  Ixxly  which  is  limiied,  may  change  its  form,  so  as 

even  to  disappear  from  our  eight,  there  is  no  actual  destruction 

of  matter  or  loss  of  weight.     A  candle  in  burning  seems  to  be 

comjiletely  desti-oyed ;  and  when  the  combustion  ia  over,  an  insig- 

ni£caut  trace  of  ai;h  from  the  wick  is  all  that  remains  to  the  eye- 
It  is,  however,  easy  to 

thow  tliat    there   is  no 

actnal    destruction    of 

it«  cumjKments  in  this 

ojjcnition.  but  that  the 

(;uustitiieiit.-»      of      the 

Miidle  in  burning  have 

comliiiied   with   a  cer- 

\m  iJiiiportion  of  oxy- 

f^eri,  and  that  the  aeri- 

fonii    coinjHMiiids,  car- 

bdiiic    anhydnde     and 

•qiifoiis  vujionr,  which 

Me  till!   result   of   the 

combuetion,  though  in- 

viflilile,     really     weigh 

nioro  than  the  original 

caiiiijc;     the    gain    in 

wtitrht  representing  the 

quantity     of     oxygen 

ffhii'li  has  nroduced  the 

chpiiii'vtl  fliMiure  by  its 

C' ■  I    with    the 

Di;;  r  the  candle. 

The  fx]>cnnient  may 

Ixsi'utnliicted  in  thefol- 

Ifttring  manner: — Take  a  glass  tube,  a  b,  fig.  271,  14  or  15  inches 

Pc'  mm  wne  also  proposed  by  Bouaaingault  aa  a  source  of  oxypon.    Ho 

hi)'  iv  to  convert  barj-ta  into  the  pgroiide,  hy  henliiiR  it  to  dull  re'iliiess  in 

»i:  miJ  tlicn  to  decompose  the  peroxide  by  a  still  more  eleviitod  teiii- 

fit  iiifl  in  bo  oble  to  extract  oxyiren  from  the  ntmosphfTO  with  llie  snmp 

qntui  IV  .,1   ii.iryla  for  mi  iiideflnite  number  of  times";  but  hitherto  iho  diHicullioM 
•Urniling  thv  use  of  this  ineiliod  have  prt-ventcfl  its  a/jplioitio.T  in  Iho  iirla. 
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lung,  nm]  14  iiioli  in  'liniiK'tcr;  tlinint  a  }>ioc-e  of  m  ' 
vav  ilown  tlic  tiilif,  aixl  till  tin-  nji**"!-  lialt'  with  li  I  j 

catistic  potu."h.    Tlic  tiitst-d  jKitusli  is  cmpioytMl  to  ret.'iin  bntli  tlic'cm"H 
1m»7uc  anliydrifle  and  the  iintistnrc,  wliidi  are  tlie  only  com|iuii]uM 
prodiK-pcl  by  the  biunnng  candle,  if  it  be  properly  fiupplied  will 
air.     To  the  lower  end  of  the  tube  tit  a  cork  pcrforut«*d  witf 
throe  or  four  holcg  for  the  adjuission  of  air,  and  fiustcn  to  it 
pliort  iiiccc  of  wax  t.>n»cr.     To  the  other  end  of  the  tube  adaji^ 
a  eork  tlirongh   wlii«.'n  a  slmrt  j)ieeu  of   tube.  ;/.  (<f   fdti>ut  oiu 
tliird  i)f  an  inoh  in  diameter  is  passed.     Now  weigh  the  tulie  anc 
its  eoiitents.     Connect  the*  tube  <f  by  means  of  a  piece  of  tlcxibl^ 
tubing,  <.',  to  an  a-^pirator  jar,  d,  filled  with  water;  o]>en  tJiu  stoj 
ccM'k,  E,  and  let  the  water  flow.     The  water  cannot  e*cai>e  at 
till  its  place  is  supplied  by  atni<jspheric  air;  and  since  the  aspii 
tor,  through  the  tube  c,  it*  «'onneetod  with  a  n,  which  at  b  com^ 
niunicatefl  freely  with  the  atniOf|)hcre,  a  current  of  air  is  estal 
linhed  thro\igh  a  n.     Now  witlnlraw  the  cork  n,  light  the  tat>CT 
and  <juickly  replace  it  in  the  lube;  in  about  three  niinuteft'  lum 
close  the  stopcock  nf  the  aspirattir;  the  taper  is  int^tantlv  extin] 
gulxhed.      Detach  the  tube  e;    the  glass  a  d,  when  cold,  wil 
weigh  several  grains  heavier  than  before. 

At  the  ordinary  temperature  of  the  atmopphere  oxygen 
qncnily  enters  slowly  into  c.onibinatinn  without  anv  peiceptiblej 
ilii*engageinent  of  heat,  m  whcji  a  l)ar  of  iron  h  gra(l\udly  rui^tinj 
in  the  air.*     In  other  in^tancef*,  where  tlie  priK'ctse  is  more  rapit 
the  heat  accuinulatcH,  and  .'ionietiniei*  it  rises  high  euough  to  i'Mm 
the  materials  to  buivt  into  lianie,  prodiu-ing  what  aj"e  culled  ca^e 
of  spontaneous  combustion.     Charcoal  that  ha?  been  rcdvice<l  t< 
line  powder  hh  a  prelimimuy  to  the  manufacture  of  gunpow<lerJ 
and  whi<;h  otierB  a  large  surface  to  the  air,  occaBionally  cxhihita 
ibis  phciioMicnon ;  and  it  i*  ijtill  more  often  manifested  Avhcn  to* 
tliat  IniH  been  Ur*ed  for  wiping  nia<'hinery  lubricated  with  oil 
laid  aside  in  heapH.     The  od,  when  BpreaJ  over  bo  large  a  siu-fa' 


•  When  coiiMi'lernWo  m«!<M>8  f>r  iron  »re  allowoU  to  nwl,  ■  (iirtiTK*'  ''li^rfttli 
tonip^THtiire  in  ofV.'ij  p<.'rocivpil.     Tliix  IB  Sfcn  wlipti  n  henj)  of  iron  Ip 
10  lb,  to  20  111.  tf  iiiniRUTiril  witli  wuUt  and  cixpoRor)  to  thr  air;  unit 
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aljsorbs  oxygen  rapidly,  and  the  temperature  goes  on  rising  untij 
the  mass  bursts  into  name. 

The  oxidation  of  the  metals  has  been  observed  to  take  place 
mncb  more  rapidly  in  a  moist  than  in  a  dry  atmosphere.  A  bar 
of  polished  U"on  will  remain  in  dry  air  unchanged  for  any  length 
of  time,  bat  if  moisture  be  present  it  will  quickly  become  rusty  ; 
the  oxide  of  iron  in  this  case  combines  with  the  water  which  it 
absorbs  from  the  air  (753).  In  the  case  of  iron,  the  oxidation 
oontinnes  to  spread  through  the  entire  mass  of  the  metal ;  but  in 
other  instances,  as  occurs  with  lead  and  zinc,  a  superficial  coat  of 
oxide  is  formed,  which  adheres  firmly  to  the  surface,  and  protects 
the  metal  beneath  from  further  change. 

The  more  the  oxygen  is  diluted,  whether  by  diminution  of 
pressure,  or  by  mixture  with  a  gas  which  does  not  act  cheuiically 
upon  it,  as  with  the  nitrogen  of  the  atmosphere,  the  less  elevated 
is  the  temperature  which  is  produced  in  a  given  time  by  c(»mbu8- 
tion,  because  fewer  particles  are  in  contact  with  the  burning  body, 
whilst  at  the  same  time  the  dilating  gas  must  have  its  tempera- 
ture raised,  and  the  more  slowly,  in  consequence,  does  the  opera- 
tion proceed.  The  activity  of  the  combustion  is  greatly  increased 
by  increasing  the  number  of  particles  of  oxygen  which  are  brought 
in  a  given  time  into  contact  with  the  combustible,  and  by  carry- 
ing away  the  gaseous  products  of  combustion  which  are  incapable 
of  combining  with  the  fuel,  and  which,  if  sufiFered  to  accumulate, 
would  cut  on  the  supply  ot  fresh  oxygen  ;  in  this  way  the  action 
of  the  smith's  bellows  and  the  blowing  machine  of  the  blast 
fiimaee  may  be  explained.  The  influence  of  a  long  chimney  in 
pnxlucing  a  powerful  heat  in  the  furnace  at  its  base  is  similar ; 
whilst  the  effect  of  diminishing  the  sui)ply  of  air  by  closing  the 
damper,  or  shutting  the  door  of  the  ash-pit,  is  seen  in  the  dimi- 
nished temperature  and  reduced  consumption  of  fuelwliich  occurs 
under  such  circumstances. 

It  is,  however,  important  to  remark  that  the  quantity  of  heat 
emitted  during  the  combination  of  a  given  quantity  of  oxygen  is 
definite,  and  is  dependent  in  part  upon  the  chemical  nature  of  the 
'  burning  body,  but  it  is  independent  of  the  rate  at  which  the  com- 
bustion is  eftected  (199  et  seq.). 

The  act  of  respiration  in  animals,  during  which  the  oxygen  of 
the  air  is  brought  into  contact  with  the  blood  through  tlic  agency 
of  the  lungs,  is  attended  with  a  slow  change,  analogous  to  com- 
bustion, and  is  accompanied  by  extrication  of  heat;  an  oxidation 
of  a  portion  of  the  constituents  of  the  blood  occurs,  carbonic 
anhydride  is  extricated  and  passes  off  with  the  expired  air,  and  at 
the  same  time  the  colour  ot  the  blood  is  changed  from  a  <lnsky 
purple  to  bright  crimson. 

All  bodies  may,  with  reference   to   combustion,  be  arranged 

under  one  of  three  classes.     Tho  first  class  consists  of  bodies  which, 

like  oxygen,  allow  other  substances  to  burn  in  thcui  freely,  \t\\t 

which  cannot  themselves,  in  ordlnnij  7.iH^»'uage,  be  set  on  i\vc". 

these  are  termed  ^'^//j^or^^/'ji  of  combnstloyi.      The  second  cVa*=.  con- 

vsts  of  bodies  which,  like  ahareoal,  actually  burn  when  BXitticleullj 
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heated  in  a  "rs  helinigin^  to  the  first  claf^e :  these  BnT)Ptanep<5  jir 
ternial  fomhuHt'thf'.'s.  Tlie  thu'd  clnss  embraces  sncb  ImxUos 
•w\\\  neither  t)iirn  themselves  nor  support  the  coinhus-tion  ofj 
others :  they  niay  be  mside  red  hot,  bnt  do  not  burn  :  sand,  inm- 
rust.  and  eartliy  bodies  in  general,  are  examples  of  this  kind 
they  are  for  the  most  part  eontpijimds  tliat  have  at  boiuo  rime  ni 
other  l>eeii  jiroduced  by  combustion  ;  tliat  ia,  they  are  iKxlies  that 
have  bi'pn  ab-eady  burned,  and  are  no  longer  htted  to  nndergi) 
thii»  change. 

(•^37)    Van'dfrjf  of  Orirlt'«. — The  componnds  whir-h  oxygen] 
forms  with  <»tlior  elements  are  in  cheniieal  language  termed  iKriffr/i^ 
and  a  bodv  vrhieh  has  combined  with  oxygen  is  said  to  h«v< 
become  oxu/hefl.     The  nnmber  and  variety  of  thefiG  componndsl 
are  vory  great,  for  oxygen  is  the  most  wi<lely  ditiiised  and  nlitiii-I 
dant  of  the  elementfi.      It  constitntes  about  a  tiftli  in  bulk  nf  J 
the  atntosnherc  ;    it  fonns  eight-nintlis  of  all  the  water   on    the! 
globe,  anil  it  i^  not  les«  extensively  met.  with  amongst  the  solid] 
constituents  nf  the  earth  :  ehalk,  'limestone,  and  marble — Riliea,^ 
in  all  its  varieties  of  sand,  llint,  quartz,  rock -pry  st  al,  «fec. — and  all 
the  various  kinds  of  clay,  each  eontnin  about  half  their  weight  of  | 
oxygen.     In  the  forms  of  animal  and   vegetable  life  it   is 
efjually  generally  diffused  :  it  is  indeed  absolutely  essential  to  tlit 
uiaintenanee  of  the  \'itid  fnnetions  in   both  ;  nn<l  although  not 
the  only  body  whi<,'h  is  lifted  to  support  combustion,  it  is,  fi'om] 
ita  existence  in  the  atmosphere,  the  element  which,  in  the  vast 
nuijority  of  cases,  maintains  combustion  on  the  surface   of  our] 
])lanet..' 

Amongst  the  variouf*  compounds  fonned  by  oxygen,  it  ib 
markaifle  that  there  exist  two  classes  which  are  in  ehemical  vn>-\ 
perlifs  directly  upposcd  to  ea(!h  other.     Many  substances,  likej 
]>hi "Spill >rus.  bv  tlifir  ounibination  with  oxygen, yiejil  a  con)]>o\md| 
wliicii  is  freely  snlublc  in  water,  has  a  sour,  luirning  taste,  andj 
turns  many  vegetable  libie  eoidurs,  sucJj  as  the  blue  ol  an  infusior 
of  litmus  or  of  purjile  cabbage,  to  a  bright  red,  and  which,  in] 
abort,  possessi^  the  characters  of  an  arid.     All  the  elements  which] 
are  not  metallic,  with  the  exception  of  hydrogen  ami  of  fluorine,! 
fonn  with  oxygen  one  or  more  comjxtunds,  which,  when  dissolvodl 
in  water,  ore  m'nU,  and  in  many  cases  intensely  powerful  acids.! 
Many  of  the  nu!tnls,  however,  by  their  union  with  oxygen,  givol 
rise  to  IxKlies  of  an  oppusnte  kind,  which  have  been  termed  /"/«.'*. f 
Potiuisium,  for  exam]tlc.  when  bnmed  in  oxygen,  furnishes  a  wliita] 
alkaline  sulistance,  which  is  dissolved  rapidly  by  water,  and  pr 
duces  a  colourless  licinid,  of  a  fioapy,  disagreeable  taste,  ana 
]>ecidiar  Hxivial  smell :  it  ha*  a  <Mvnstic  action  on  the  skin,  restor 
the  blue  colour  t<j  litnnis  which  has  been  reddenetl  bv  an  acid,] 
and  it  completely  neutralizes  the  strongest  acids.     Other  metnU 
fonn  oxides  which,  llinugh  iiotsuliiMe  in  water,  nevertheless  pre-j 
serve  their  basic  ritaract.er,  aii<l    neutralize  the  acids  perfoctly.j 
Ferrous  oxide,  for  inst.^nce,  is  boIuMc  in  sulphuric  acid,  and  fonn« 
with  it  a  erystnllizidile  salt,  whilst  water  is  sttt  free.     It  iii  found 
thai  when  an  element  combines  with  oxygen  to  fonn  m\  acid,  it 
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unites  ■with  a  larger  number  of  atoms  of  oxygen  than  when  a  base 
is  the  result  of  the  combination. 

Intermediate  between  the  acid  and  the  basic  oxides  is  a  third 
class  of  oxides,  which  are  indisposed  to  enter  into  combination 
with  either  acids  or  bases.  The  bhick  oxide  of  manganese 
(MnO,),  or  (MnO,MnO,),  the  magnetic  oxide  of  iron  (FeO, 
Fe,0,),  and  red  lead  (2  Pb^,  PbO,),  may  be  mentioned  as  instances 
of  tills  kind  ;  snch  oxides  are  often  produced  by  the  union  of  two 
other  oxides  with  each  other.  The^e  indifferent  o.\ides  are  some- 
times tenued  saline  oxides,  from  their  analogy  to  salts  in  com- 
position (547  et  seq.). 

Independently  of  its  power  of  supjwrting  animal  life  and 
combustion,  oxygen  may  be  distinguished  by  direct  tests.  It  is 
insoluble  in  a  solution  of  potash,  but  if  to  the  alkaline  liquid  a  little 
{)jTogalhc  acid  be  added,  the  gjis  is  rapidly  absorbed,  and  the  solu- 
tion oecomes  of  an  intense  brown  colour.  A  mixture  of  nitric 
oxide  with  any  gas  contain  iug  uncombined  oxygen  immediately 
becomes  of  a  reddisli-brown  colour,  owing  to  the  formation  of 
red  fumes  of  peroxide  of  nitrogen  (367). 

(338)  Ozone. — When  a  succession  of  electric'  sparks  is  trans- 
mitted through  atmospheric  air  or  through  dry  oxygen,  a  peculiar 
odonris  perceived,  which  has  by  some  been  compared  to  that  of 
weak  chlorine.  To  the  body  which  produces  it  Schonbein  gave 
the  name  of  ozone,  (from  o^w,  to  emit  an  odour)  in  allusion  to  its 
strong  and  peculiar  odour.  Opijiions  upon  the  cause  of  this 
odour  were  long  divided;  but  tlie  concurrent  ohserv.itioiis  .if 
several  accurate  experimentalists  seem  to  indicate  that  it  is  owing 
tu  a  muilitication  produced  in  i>xvgen  itself,  by  which  it  is  inailo 
toa?surne  a  more  active  condition.  One  of  the  easiest  luctliods 
ot  exhibiting  the  production  of  ozone  consists  of  transmitting  a 
current  of  oxygen  tlirough  a  tube  into  which  a  pair  of  i)l!itimiia 
wires  is  sealed,  with  the  points  at  a  little  distance  a|)art:  on 
connecting  one  of  the  wires  vvitli  the  prime  conductor  of  an  elec- 
trical machine  in  good  action,  whilst  the  other  wire  is  in  con- 
ducting communication  with  the  earth,  the  characteristic  odour  (jf 
ozone  is  immediately  develo])cd  in  the  issuing  gas  ;  but  iiotwith- 
stiimliug  the  powerful  odour  thus  produced,  a  minute  jxjrtion  only 
of  the  oxygen  undergoes  this  change,  Andrews  and  Tait  (P/iil. 
Ttans.  1S0<>;  have  shown  that  in  order  to  produce  the  maximum 
effect  in  eleetritying  oxygen,  it  is  necessary  to  transmit  tlie  dis- 
charge niUiithj*  ^3y  operating  in  sealed  tubes  ujion  piu'c  and 
diT  oxygen,  they  succeeded,  when  great  care  was  tak^'u  to  ]>revent 
the  transmission  of  sparks,  in  converting  a  large  portion  of  the  gas 
into  ozone.  Ozone  is  much  denser  than  oxygon  itself;  by  a  con- 
tinuous electrical  <lischarge  nniintained  for  many  hours,  tln'V 
effected  a  contraction  in  bulk  of  the  "-Jis  amount  iiii!;  to  one-twelfrli 

*  Siemens  prepares  ozone  by  induction:  he  forms  a  sort  of  Leydcn  jar  by  coiitin;;; 
the  interior  of  a  lonjf  tiibo  with  tinfoil;  over  this  tube  he  passes  a  stcoiid wider  tv\\io 
also  coated  with  t'wfoil  but  on  its  outer  surface;  bftween  the  two  tulies.  a  current,  ot 
yan-  dry  oxjfren  is  then  transmitted,  whivh  becomes  flectrifit'd  by  iuduetion,  on  COQ- 
M-ctJBg  the  inner  and  outer  coHtiag  with  the  temmial  wires  of  au  iaducUon-coiL 
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of  the  entire  volame  operated  on ;  and  on  heating  the  gaa  to  550^ 
F.  the  ozone  disappeared,  whilst  the  oxygen  resumed  its  origixial 
volume.  The  passage  of  the  electric  spark  likewise  immediately 
destroys  a  large  proportion  of  the  ozone  which  had  been  previously 
produced. 

Ozone  may  also  be  obtained  without  the  aid  of  electricity. 
Ilouzeau  states  that  the  oxygen  evolved  from  peroxide  of  barium 
by  the  addition  of  oil  of  vitriol  contains  ozone ;  it  has  a  powerfiil 
odour,  and  he  found  that  it  oxidizes  ammonia,  and  kindles  tlio 
less  inflammable  variety  of  phosphuretted  hydrogen  (454)  ;  after 
it  has  been  heated  it  no  longer  possesses  these  properties.    Later 
researches  have,  however,  rendered  it  probable  that  these  proper- 
ties are  due  to  the  formation  of  peroxide  of  hydrogen  in  small 
quantity,  and  to  its  suspension  in  the  oxygen  as  it  escapes.* 

If  a  stick  of  clean  phosphorus,  moistened  Avith  a  few  drops  of 
water,  be  placed  in  a  bottle  of  atmospheric  air,  at  a  temperature 
of  from  60°  to  70",  the  slow  oxidation  of  the  phosphorus  is  attend- 
ed with  the  production  of  ozone  :  in  an  hour  or  two  this  attains  its 
maximum.  If  the  phosphorus  be  not  then  removed,  the  ozone 
by  degrees  disappears,  owing  to  its  combination  with  the  phos- 
phorus. No  ozone  is  formed  if  the  air  be  perfectly  dry ;  and  dry 
oxygen  is  not  ozonized  by  phosphorus.  It  is  also  probable  that 
ozone  is  fonned  in  other  slow  oxidations,  such  as  tnat  of  ether, 
and  of  oil  of  turpentine.  Schonbein  appears  to  have  proved  that 
in  all  such  cases  the  formation  of  ozone  is  accompanied  by  that 
of  peroxide  of  hydrogen  (11,0,),  a  fact  which  is  true  also  of  eleo* 
trolytic  ozone.f  Ozone,  as  obtained  by  any  of  these  processes,  is 
present  in  but  very  minute  quantity,  being  diluted  with  from  50 
to  200  times  its  volume  of  oxygen. 

When  diluted  sulphuric  acid,  or  a  solution  of  the  sulphates, 
chromates,  phosphates,  and  several  other  salts  of  the  alkali-metals, 
is  decomposed  electrolytically  between  plates  of  platinum  or  gola 

♦  Tlie  reader  is  referred  for  Schonbein's  speculations  npon  the  existence  of  two 
opposite  forms  of  oxygen,  ozone  and  antozone,  to  the  Phil.  Mag.  for  1858.  They  are 
ingenious,  but  although  the  existence  of  two  oppositely  polarized  forms  had  pte- 
Tiouf  ly  been  rendered  probable  by  the  experiments  of  Brodio  and  others,  it  is  not  in 
accordance  with  analogy  that  ozone  should  l)e  the  isolated  form  of  one  of  these 
bodies.  A  mixture  of  a  solution  of  permanganate  of  potassium  with  one  of  peroxide 
of  hydrogen  evolves  oxygon,  whilst  hydraled  peroxide  of  manganese  is  precipitated ; 
and  in  like  manner  a  solution  of  chromic  acid  acidulated  with  sulphuric  acid  gives 
off  oxygon  on  the  addition  of  peroxide  nf  hydrogen,  whilst  green  sulpliate  of  chrom- 
ium is  produced.  Hence  it  has  been  supposed  that  the  oxygen  in  the  pcrmanganio 
or  chromic  acid  is  in  an  opposite  polar  condition  to  the  second  atom  of  oxygon  in  the 
peroxide  of  hydrogeu ;  the  tendency  to  union  between  these  two  supposed  oppositely 
polar  forms  of  oxygen  is  conceived  to  be  the  cause  of  the  decomposition,  and  the 
result  of  tlioir  union  is  the  gnscous  oxygen  which  escapes.  (Brodio,  I'hU.  Traat. 
1830  and  1802).  Von  Babo's  experiments  tend  to  show  that  Schonbein's  so-called 
antozone  is  peroxide  of  hydrogen.  The  subject,  however,  still  needs  further  inves- 
tigation. 

f  If  a  clean  glass  rod  heated  to  about  600°  be  plunged  into  a  jar  containing  a  few 

drops  of  ether,  the  vapour  of  ether  undergoes  slow  oxidation,  ozone  seems  to  bo 

formed :  the  vapours  turn  starch  moistened  with  iodide  of  potassium  blue ;  and  the 

residual  ether  contains  peroxide  of  hydrogen,  and  if  agitated  with  a  few  drops  of  a 

nolutioa  of  acid  chntmate  of  potassium,  acidulated  with  a  little  Bulplnutic  acv^  &\s\vx« 

soJutioa  ofpercbromic  acid  in  the  ether  is  produce^ 
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T)v  tlic  Voltaic  battery,  tLe  Dxygfii  tliAt  i*  evulveJ  hiw  a  powerfid 
l»'ur  uf  ozone.  Ine  exjieriiaeiits  of'  Aii<lrcws  {Phil.  Trii)m. 
|Sr>5  «nd  1S<M))  have  uliown  tlie  itlentity  of  the  ozone  ol>tained  by 
lie  elertricity  of  the  mai-liine,  with  thnt  i)ivM]uce«l  by  voltaic  actiini, 
«i'll  iis  with  tliiit  olitaiiiod  l)y  fltt*  oxidution  of  piiofjjhoriis ;  ami 
!it*e  eon<'!usiou!»  liavn  been  contirinevi  by  Sori-t  and  by  Von 
Ji>  {Lnhlijn  AunoL,  SuppletiniitJiniuly  ii.  S^UJ),  in  ojniusition  to 
lort,  who  iiuiititiiiniHl  [I'iHji/tnd.  Aumd.  Ixxxix.  oS^  tiiut  eUr- 
tic  ozone  contains  a  peculiar  peroxide  of  hydrogen,  iuj  ISeliuu- 
Imjui  himself  at  one  time  siip|)o:«eil. 

Prttjtcrtuut, — Ozone  iis  iuwoluble  in  water,  and  in  Bolution^ 
cither  of  acids  or  alkalies,  but  is  absorbe*!  by  u  solution  of  iodide 
u"'  inm.     Air  eharyed  with  ozone  exerts  an  irritating  aeti<tii 

111,  I'e.spjratory  organs.    Ozone  pos^e.-.^es  eonsideralde  bleach- 

uwors,  and  Voiiverts  blue  indiyjo  into  isatin  :  it  acts  rapidly 
fp<iwerful  oxidiziufi  agent,  and  corr<Kie«»  organic  niatteri?,  sueh 
as  the  eork  or  caoutchouc  u^sed  in  connecting  the  different  jiarta 
the  »]>paratns  together:  iron,  copper,  and  even  silver,  wlutn 
noietened,  rapidly  al»Borb  it,  and  tieeonie  converted  on  their  8ur- 
L'e  into  oxides;   silver  even  becomes  a  peroxide,  though  thia 
?tal  does  not  enter  into  direct  combination  with  ordinary  oxy- 
^■n  either  when  moist  or  dry.     When  the  ozone  a.n<l  the  metuk 
nri>  jiHi-f.-ctiy  dry,  little  or  110  absorption  of  ozone  occurs.     Dry 
iirv  at*  well  !i8  dry  iodine,  however,  iniiiiediatcly  renmves 
It  is  remarkalile  tliat.  no  contraction  fullown  the  absorp- 
tion of  «)7.(me  by  these  or  by  any  other  agents;  this  ]>oint  was 
ifully  ami  minutely  observeil  by  Audrews  and  Tait.     Hence  it 
WHS  to  be  prol)able  tinit  the<»zone  is  re^iolved  into  a  quantity  of 
linary  oxygon,  eipial  in  bulk  to  itself,  which  is  liberated  at  the 
luincnt  that  another  portion  of  oxygen  enters  into  combination 
Trith  the  iodine  ;  ]>ossib]y  three  volmrie;-  of  oxygen  become  con- 
dt*n-^d  into  two  ;  one  volume  becoming  lixed,  wliilst  two  volumes 
31  itt»d  on  the  (lecompositioii  of  ozone  by  a  metal.     ()zi;ino 

d    ,  iodine  from  its  coml)inatiim  witii  the  metals,  setting  the 

i^Xiine  at  liberty  ;  indeed,  this  reaction  is  so  easily  prodnce<l,  that 
it  fiimislios  the  readiest  and  most  delicate  methoJ  of  detecting  the 
jtv  -incc  of  tnices  ftf  oz<»ue  in  the  air;  a  slip  of  paper  moistened 
witii  starch  und  iodide  of  potassium,  anil  inserted  into  a  vessel  con- 
taining the  huuille»t  admixture  of  <jzone,  becomefl  blue  from  the 
Hi.'tion  of  the  liberated  io<line.  which  immediately  unites  with  the 
Btarch,  and  fornis  the  blue  ioflide  of  Btarch  which  is  so  character- 
kticof  iixline.  Imlecd,  pure  oxygen  contained  in  a  tube  inverted 
•iv.-r  M  Solution  of  iodide  of  potassium  is  entirely  absorbed  by  the 
' .  if  the  gas  he  8ul»je<'tc(I  to  the  ptissage  of  a  discharge  of  elec- 
ijniiv  thronirh  it  for  a  sufficient  length  of  time,  hyfbate  of  potash 
sing  tbrnu-'d  by  the  al>sonition  of  oxygen,  while  iodine  is  set  free; 
^Kf-f-2ir,0-H<>,  =  4Kllf>-i-i}I,.)  If'theexperiinetit  be  prolonged, 
judatp  of  p'.fa-isium.  [(emxide  of  hytlrogen  and  [jcntxide  of  potjis- 
••<i.  l*a|'er  soaked  in  a  solution  of  snlphate  of  man- 
-■  >,)  liki'wise  shows  the  ])resence  of  ozone  by  l>ccom- 
ing  brown,  owing  to  the  ranngaueju  in   the  sulphate  aWtvVuig 


:i-t  XITKUCEX. 

K.Kvgen,  and  becoming  converter!  into  the  insoluble  hydrated  i>er' 

•  'xitie,  whilst  sulphuric  acid  is  set  free.  If  the  paper  be  stained 
I. hick  with  sulphide  of  lead  (PbS).  this  stain  will  jrradnallr  dis^p- 
[>o:ir ;  both  the  sulphur  and  the-  lead  will  al>sorl)  the  ozone,  or 
active  oxygen,  and  a  white  sulphate  of  lead  (PbtjO,)  will  l»e 
lornietl^    One  of  the  most  singular  circumstances  i-»»nnected  with 

•  •zone  is  the  etiect  of  heat  ui>on  it.     A  temiwrature  not  mncJi 
higlier  than  that  of  lx>iling  water  is  sufficient  slowly  to  destnjy  all 
its  active  character,  and  the  change  is  instantaneuus  at  the  teui- 
]>erature  of  57<»"^.     By  placing  the  flame  of  a  spirit-lamp  so  as  t<7 
lioat  a  part  of  the  tnl>e  tlu-ongh  which  the  electrilied  oxygea 
escapes,  ail  signs  of  ozone  disappear.     Ozonized  air  is  also  deozon- 
ized  by  transmission  over  cnld  pen)xide  of  manganese,  peroxide 
of  silver,  or  peroxide  of  lead. 

If  a  ])iece  of  pai)er,  s<jake<l  in  a  mixture  of  starch  and  iodide 
of  potiu^sium,  be  exj>osed  in  the  open  air  for  five  or  ten  minutes, 
it  often  accpiircs  a  blue  tint,  the  intensity  of  which  varies  on  dif- 
ferent days ;  sometimes,  partieiUarly  in  damp  or  foggy  weather, 
no  change  is  pnxluced  by  such  exposure.  These  efl'ects  are  seldom 
seen  in  towns,  but  generally  in  the  open  country,  or  on  the  sear 
coast,  especially  when  the  wind  blows  oft'  the  sea.  They  are 
plausibly  supposed  to  l)e  owing  to  the  presence  of  traces  of  ozone 
in  the  atmosphere ;  and  theorists  are  not  wanting  who  believe  they 
have  traced  the  prevalence  of  cholera  and  other  epidemics  to  the 
muisuul  absence  of  ozone  in  the  air  during  lengthened  periods. 
Iodine  may,  however,  be  lil>erated  from  iodide  of  potassium  by 
nitrons  acid,  by  chlorine,  and  l»v  various  agents  besides  ozone,  so 
tiiat  this  reaction,  although  a  very  sensitive  one  for  ozone,  is  by  no 
moans  characteristic  of  its  presence ;  and  the  existence  of  traces 
of  ozone  in  the  atniosi>hore,  prol>able  thotigh  it  is,  cannot  be  said 
to  have  been  uneqnivtteally  proved.  Schonlniin,  in  order  to  obtain 
ttinne  idea  of  the  ]>ro]>ortion  of  the  agent  which  produces  the  eftect, 
]>repares  this  paper  of  a  detinite  strength,  by  dissolving  1  part  of 
l)ure  iodide  oi  potassium  free  from  iodate  iii  200  ])arts  of  distilled 
water,  w]ii<*h  is  thickened  by  heating  it  with  Itt  parts  of  wliite 
starch  :  tin's  is  then  spread  upon  slips  of  unsized  paper,  which  are 
]>roservcd  in  a  stoppered  l>ottle  kept  in  the  dark. 

§  II.  XrrROGKN.*    X=14. 

Atomic  Vol.ri;  Theoretic  Sp.  fi?/-.,  0-9074 ;  Observed 
SjiK  Gr.,  0-9713. 
(3;V.>)  It  has  already  been  stated  (334)  that  the  larger  proix)r- 
tion  of  the  atmosphere  consists  of  a  gaseous  body,  which  has  been 
nanu'd  tilti'otj<-ii  Cgenerator  of  nitre),  because  it  is  an  essential 
constituent  of  nitre:  sometimes  the  name  of  (i:;ote  (from  a.  not, 
J^wii  life,)  is  given  to  it,  liecause,  thongh  not  ])oisonous,  it  is  incapa- 
ble of  sui)])orting  life.  This  element  was  discovered  by  Ruther- 
ford in  1772. 

*  If  nitrogen  in  the  giMcous  state  bo  regarded  as  (NTC)  nitride  of  nitrogen,  its  nwJ* 
eular  volume  will  be  f      . 


PKEPAEATION  OF  NITROGKN.  23 

Properties. — ^Nitrogen  is  a  colourless,  tasteless,  and  inodorous 
gas,  which  as  yet  has  resisted  every  effort  to  liquefy  it.  It  is 
somewhat  lighter  than  atmospheric  air ;  calcnlatuii;  from  Reg- 
nanlt's  ex|>eriments,  100  cubic  inches  at  60°  F.,  Bar.  30*^  in., 
weigh  30-119  grains.  Water  disvSolves  not  more  than  -^  of  its 
bnlt  of  tliis  gas  at  ordinary  temperatures,  100  cubic  iiiches  of 
water  at  32°  absorbing  2*03  cubic  inches  of  nitrogen,  and  148 
enbic  inches  at  59°  (Bnnsen).  No  two  substances  can  offer  a 
more  striking  contrast  in  chemical  properties  than  oxygen  and 
nitrogen :  the  one  the  most  energetic  ot  the  elements,  the  other 
the  most  indifferent.  It  extinguishes  a  taper  witiiout  taking  lire 
itself;  an  animal  immersed  in  the  undiluted  gsis  perishes  quickly 
for  want  of  oxygen,  but  it  is  not  directly  poistmous ;  ind!eed,  it 
enters  as  a  necessary  component  into  the  animal  frame,  and  with 
every  act  of  inspiration  it  Unds  admission  into  the  lungs.  One 
very  important  purpose  that  it  fulfils  in  the  atmosphere  is  the 
dilution  of  the  oxygen,  which  is  rendered  thereby  less  stimulating 
to  the  hving  system,  and  the  rapidity  of  ordinary  combustion  is 
likewise  thereby  moderated.  Nitrogen  is  one  of  the  most  exten- 
Bively  diffused  forms  of  matter,  as  must  be  evident  from  the  facts 
jnst  stated ;  and  notwithstanding  its  apparent  indisi)t>sition  to 
enter  into  combination,  it  forms  a  number  of  higlily  interesting 
and  important  compounds.  For  example,  one  of  its  combinations 
with  oxygen,  when  dissolved  in  water,  forms  nitric  acid,  which 
exists  as  a  natural  production  wlieu  united  witli  potassium  and 
sodium  in  the  nitrates  of  those  uietuls :  it  is  tho  chiiracterlstic 
ingredient  in  ammonia;  and  though  it  occurs  in  but  small  quantity 
in  plants,  it  is  never  entirely  absent  from  them.  Nitrogon  also 
constitutes  an  essential  part  of  many  of  the  most  p<itent  and  valii- 
ahle  medicines,  such  as  quinia  and  morphia,  as  well  sis  of  some  of 
the  most  dangerous  pt)isous,  as  prussic  acid  and  strvclinia.  It 
likewise  enters  largely  into  the  composition  of  many  animal  tis- 
sues. Organic  compounds  which  contain  nitrogen  are  frequently 
termed  azotised  substances. 

Prq>aratinii. — The  most  convenient  methods  of  obtaining 
nitrogen  are  based  upon  the  removal  of  oxygen  from  atniosjtheric 
au".  1. — The  simplest  plan  consists  in  placing  a  few  fragments  of 
phosphorus,  dried  by  means  of  Idotting-pajwr,  on  a  jxtrcelain  dish 
vhifh  is  floated  upon  the  surface  of  the  water  of  the  jmeuniatic 
trough;  the  phosphorus  is  ignited  by  touching  it  with  a  hot  wire, 
and  a  glass  receiver  filled  with  air  is  then  inverted  over  it.  The 
phosphorus  burns  at  the  expense  of  the  oxygen  in  the  confined 
air,  aiul  l)eing  partially  converted  into  vapour  by  the  heat  which 
attends  the  combustion,  is  diffused  through  the  ga%  and  thus 
'inickly  searches  out  and  combines  with  every  portion  of  oxygen: 
^vlien  cold,  the  nitrogen  lui^y  be  decanted  into  another  jar  and 
examined.  Even  at  ordinary  ttjmperatnres,  a  stick  of  idiosj)honi3 
■"ill,  if  introduced  into  a  jar  of  air  which  is  standing  over  water, 
slowly  absorb  the  oxygen,  and  in  two  or  three  days  about  four- 
fifths  of  the  original  bulk  of  the  air,  consisting  of  nitrogen  nearly 
pure,  will  be  left. 
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2— The  removal  of  oxygen  from  the  air  may  also  be  effected 
slowly  in  various  ways.  Moistened  iron  tilings  produce  a  similar 
result,  the  metal  gradually  becoming  oxidized,  as  is  seen  by  the 
rusty  appearance  which  it  assumes.  Many  other  metals,  whei- 
moist,  moistened  lead  shavings,  for  example,  produce  a  similar 
effect. 

3. — Moistened  sulphides  of  the  alkaline  metals  likewise  absorb 
oxygen,  from  a  confined  portion  of  air  very  rapidly  and  completely. 

4. — When  larger  quantities  of  nitrogen  are  required,  metallic 
copper  may  be  employed  to  absorb  the  oxygen.  The  method  to 
be  adopted  in  this  case  is  exhibited  in  fig.  272,    c  represents  » 

Pio.  212. 
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long  straight  tube  of  hard  glass,  which  will  resist  a  strong  heat 
without  fusion :  it  is  filled  with  metallic  copper  in  a  finely  divided 
state ;  for  tliis  purpose  the  metal  which  has  been  reduced  from 
the  powdered  oxide  by  means  of  hydrogen  gas  is  well  adapted. 
The  tube  c  rests  on  a  sheet-iron  furnace,  d,  in  wjiich  it  can  be 
surrounded  by  charcoal  and  raised  to  a  red  heat ;  «  is  a  bent  tube 
for  delivering  the  gas  into  a  jar  over  water  or  mercury ;  the  other 
extremity  of  the  tube  c  is  connected  with  a  bent  tube,  J,  filled 
with  fragments  of  fused  caustic  potash ;  and  the  air  which  sup- 
j)lie^  the  nitrogen  is  driven  from  the  gas-holder,  a,  over  the  ignited 
copper  in  a  stream  which  is  easily  regulated  by  the  stopcock,  f. 
The  air  first  traverses  the  tube  which  contains  the  fused  potasn, 
where  it  leaves  all  traces  of  carbonic  anhydride  and  moisture, 
and  it  then  passes  over  the  ignited  copper,  by  which  every  portion 
of  oxygen  is  completely  removed. 

5  and  6. — Nitrogen  may  also  be  obtained  by  the  action  of 
chlorine  on  a  solution  Of  ammonia  (38fi),  and  it  is  furnished  in  a 
state  of  purity  by  heating  the  nitrite  of  ammonia  (3G9). 

• 

§  III.  Composition  of  the  AraiospnEKE. 

(340)  If  a  mixture  be  made  of  4  niciisures  of  nitrogen  and 
1  measure  of  oxygen  gas,  a  candle  will  burn  in  it  as  m  atmo- 
spheric air ;  it  may  be  breathed  as  air,  and  possesses  the  ordinary 
properties  of  the  air.     The  atftiosphere  is,  in  short,  a  mechanical 
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mixture  of  several  a;iu*e^,  amongst  which  oxygen  and  nitrofrpn 
fous'itute  tlio  i»i-iiu.-i[>al  piutions:    these  gases-,  notwitlistaudiiijj; 

'their  dirtereiice  in  density,  are,  owinj;  to  tlie  principle  of  ditiusion 
(<i7).  uniforuily  mixed  with  eaeh  other.  Clieniical  operations  nro 
cuntiuually  oceiUTlng  upuu  the  earth's  Biu-faee,  wliicb  renuive 
oxvijen  and  a<kl  a  variotv  of  other  sjases,  aiMoii";!?t  wliich  carbonio 
anhydi'ido  is  most  abundjuit.  let  so  beautifully  adjusted  is  the 
bahmee  nf  ehuuiical  actitius  over  the  face  of  the  earth,  tiiat  no 
perceptible  change  in  the  compoBition  of  the  atuiospliere  hasj 
been  observed  Biuco  accurate  experiinents  on  the  subject  have  been 
practi&<id. 

Air,  whieh  has  been  freed  from  carljonic  anhydride  and  aqaeoua 
vapour,  consists,  according  to  the  numerous  careful  analyses  of 
Dtunn»  and  Boussingault  {Ann.  de  Vhimie,  III,  iii.  tioTj,  on  an 
avenure  nf  20-81  of  oxygen  by  measure,  and  7D'19  of  nitrugeu  in 
l«iti-n()  parts ;  or  by  weight  of  I'd'^A  of  oxygen,  and  70"U'j  of 
nitr<.>geti.  These  experiment!*  were  jjerformed  by  allowing  the  air 
to  itream  slowly  over  a  weighed  quantity  of  heated  copper,  by 
which  the  oxygen  was  ahworbed  (fig.  272)  whilst  the  nitrngen  wjls 
n.'coived  into  an  exhausted  tlask,  which  was  weighed  before  the 

rexperiment  was  commenced  and  atYer  \\»  termination  ;  the  quan- 
tity of  oxygen  was  found  by  the  gain  in  weight  exiM-rienced  by 
tlic  tul>0  <M>utainiiig  the  copper.     The  results  olilained  by  lieg- 

^Jiault,  Bnmner,  Verver,  and  otbeiv,  by  ditil-rent  metlio<1s  of 
analysis,  do  not  vary  more  than  yj,y  from  tlie  (juantity  of  oxygen 
juBt  mentioned.  'Trilling  teuiporary  variations  no  doubt  occur 
tpora  local  canaes ;  but  the  air  brought  by  Gay-Lussac  from  an 
elevation  of  four  miles  al>ovc  the  surface  of  the  earth,  that  col- 
lected on  the  summit  of  the  Alps,  and  that  examined  both  in 
town  and  country  in  various  parts  of  the  globe,  presents  no  sensi- 
ble diflerence  from  the  mean  above  given.* 

»  »  ,,.^ri;.^,,  r.r  .,;,  ...ii ...i  \.r  \fr.  Welsh,  in  Aiisfwst,  1852,  at  on  elovatioo  or 

IS  undertaken  by  htm  and  Mr.  Grt'Oa  uiuier  the 

liritish  Association,  coutiiiued  2088  per  cent,  of 

by  vuliiiue,  wIiiJc  iiir  uoiluulod  ut  Cho  surlVico  at  the  same  time  uouUuncd  2U"J1!. 

Fiir  wn?  iv.iiei'tyd  iu  lubea  of  about  6  cubic  inches  in  capacity,  flttcdwith  aocurnta 

■>"  were  exiiausl'.'d  previously  to  tho  UBt'ent,  imd  were  filled  with  ilio 

"11  liy  opeulnj<  the  alopco.-ks,  whioh  were  u(juin  closed  as  soon  as  iLa 
red.  In  tlie  extensive  eorifs  of  eiperimoiits  or-Rcpnault  (Ann.  tk 
vL,  385),  sir  vrae  collected  at  tliU'ereiil  poiutn  of  the  uartli's  surlaue 
Urnwn  out  to  au  open  cajiillury  uxiremity  at  cither  end,  fig.  27i. 

Fio.  273. 


W>i-:>fi  f>  sfMi  irrifn  of  nir  wb3  to  bo  collected,  one  of  these  tubes  was  attached  by  ■ 
t  'I  pair  of  bellows,  and  by  working  tho  bellowB  a  few  times,  the 

r  of  the  lodUity.    The  capillary  tubes  were  then  drawn  oCfnnd 
'iiieniiiry  contact  with  the  floine  of  n  spirit-lamp,  and  the 
1  from  injury  during  the  jouniey  by  siiiiill  cops  of  ifluss 
I  '.■"  iinalyses  of  Ihn  air  thus  obtained  were  executed   by 

I'litL'rof  Reifuanlt'g  contrivance.     The  same  apiparalus 

0  '.  till'    iTi^ilvnes  of  the  air  collected  by  Mr.  Welsh.     Frunklaud 

ftmvl  2tfVt>  oi  ojiyisea  in  «ir  ooliected  by  himself  from  the  summit  of  &ioat  Biauc. 
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ESTIMATIOlTol 


AIB. 


lUO  cnhki  inehee  of  dry  air  weigli  at  60*  F.  and  30  indies  Bar., 
caJoiilatiiig  I'ruiii  flic  expfriuientis 

of  Dumas  and  Doussiiigault "U'OSB  £^rs. 

of  liu>t  and  Ai'ago . .  :!I-074  "" 

of  Prunt 8MI117'' 

of  lic'gnuiilt :;0'y35    " 

The  second  rt'sult  i.s  probalily  the  uio?t  accurate,  fur  it  exiictf^ 
corrcspundu  with  tho  dfunitj  dt'diurod  fruiu  that  of  u  mixture  of 
axygi^n  ami  nitrogen  in  tlie  priiimrtioiis  in  which  thev  ut'cur  id 
the  atnlo^l)ht•re.  A  cubic  fuut  of  air,  accunling  to  tliis  rcMilt. 
wcigliij  5o«>*y»>  grains  at  00'^.  The  weight  of  a  given  vuhiuie  oi 
air  at  tJU'  F.,  under  a  i>re*-iure  of  yn  incric:*  Bar.,  is  tlieretore  only 
j\~f  of  that  of  an  LM]tial  Imllc  uf  water  at  the  same  teuiporatun^ 
Owing  to  the  greater  Hohihility  of  oxyaien  tlian  of  nitrogen,  rain 
water  and  melted  enow  always  contani  a  huger  j)ropojtion  of 
oxygen  than  the  air  itself,  amounting  to  about  34  per  cent,  of 
the  air  dihsolved,  or  nearly  one  vohirnc  of  oxygen  to  two  volumod 
of  nitrog«'n.  Tliin  is  a  cireiimsranee  of  great  itiii»<>rtHiicc  to 
aquatic  animals,  and  one  which  could  occur  only  ui  cout^eunenoo 
ot  the  air  being  a  mechanical  mixture  and  not  a  chemical  com- 
pound of  the  two  gjiscs  (tii). 

In  addition  to  oxygen  and  nitrogen  tlie  atmoBphero  contains  a 
certain  pi'ojiortion  of  carbonic  anhydride,  a  variable  but  minute 
traco  of  anmioiiia,  tnK!08  of  in'lne  acid,  and  of  some  iMimpninid 
of  carlton  and  hydrogen,  and  fre(|Uently  in  towusj  a  pereeplible 
amount  either  of  suli>liuroUn  anhydri<le  <>r  of  tiul}>liureHed  hvdro- 
pen.  Aqueous  vapour  is  of  conrsi^  also  pre'sent  at  all  times, 
although  it.*  amount  k  liable  to  extensive  Huctuatione. 

(!{41 )  Estimation  ofAfju^oujn  Vcfpow. — Tho  amount  of  nqucotia 
vapom-  at  any  spot  may  l>c  jisccrtaiiied  hy  meaiw  of  tJie  hygrometer 

(194),  or  it  may 
be  ili'tenniued  by 
^  a    direct    exjKjr?- 

■3  Tr  (  ^  \r  s\  jgj  •f'r^t^i—'  nient  in  tho  fol- 
lowing nianncr. 
A  bent  tube,  a, 
%.  274,  lillod 
with  pnnji«5e* 
stone,  moistened 
with  <i(l|<htirio 
acid,  i^  I 

with   a  i:, 

of  known  cftjtaci- 

ty  ;  BUppor''  "  '■<• 
cHj)able  ol 
taming  ISgnu..!!* 
of  water.  Thii 
Vi»i»el  huvim^ 
been  iilled  wiln 
water,  is  allowed  to  enqity  itself  slowly  by  ojwning  a  stopcock,  /, 
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•wlilcli  tcnintiHt»s  in  n  tube  Itent  upwards  to  prevent  the  entrance 
of  liir  at   tlie  iH.ttom  ;  a  known   volume  of  air  is  tlius  drawn 
throagh   tbe   tulie  q,  which   retains   nil   the  rnoifeturo.     If  the 
weiirlit  »»f  this  tube  lio  dutermint^d  before  commencMiiir  the  experi- 
iij(.nr,  and  a  second  time  after  it  is  complete<l,  liie  iiuM-ejise  in 
reight  will   indicHte  the  Miiount  of  moisture  in  tiic  Imlk  of  air 
operated  ujion,     Th(!  feujpLTutiire  i*  a.*eertaiiied  by  nit'iiiis  of  the 
thermometer,  t,  an<l  the  atmospheric  prei^snre  i;*  «>btaint?d  by  an 
r.Ii-.  i\  itliin  of  the  barometer  at  the  time.     The  flow  of  water  by 
itor  i:*  retid«rwl  uniform  during  the  wliule  course  of  the 
■vA^'ci  nii.iit  by  makin;^  the  tul»e  whieii  conveys  the  air  sutticiently 
>ng  to  reach  nearly  to  the  Ixittom  of  the  vessel,  as  shown  by  the 
'dolte^l  line  whi'-h  passes  down  from  thecptitral  openiiiijat  the  toj). 
(■34 "2 1   lint linijf ion  nf  Carhonir  Anh^ilridf.. — The  quantity  of 
unliyilride  in  the  air  muy  Ite  determined  in  the  coni-so  of 
ti  '    experiment.     If  the  bullis  at  h  l)e  filled  with  a  strong 

ij»ol)ttii»n  of  <'anstie  potash  (sp.  gj".  1'25),  and  the  tnbe  c,  with  frag- 
ments of  fused  potash,  the  gain  in  weight  experienced  by  the  tubes 
h  atul  0  will  inuieate  the  quantity  ot  carbonic  anhy<lride  which 
hii>  been  ubsorl»ed  in  the  operation  ;  the  bent  tube,  </,  is  tille<l  with 
piiMiif.'-*toiie  nioihteued  with  sulphuric  acid;  it  is  not  weighed, 
1  rely  iiiteri»osed  as  a  meuj^iire  of  precaution  between  the 

10,  and  the  tnl)u  <%  to  prevent  any  accidental  trace  of 
loisnire  from  ]MWBing  backwards  into  c.    The 
i\\*~  seen  at  b  are  to  be  tilled  with  solution  of  Fio.  275. 

hvilrnte  of  potash  to  the  extent  shown  iji  the 
enlargcil  (h'siwing,  fig.  275.  This  f<»nn  of  appa- 
raru-  was  contrived  by  Liebig.  It  is  in  eon- 
tiiiu.d  requisition  in  the  laboratory,  for  the 
]ujrp<;*e  of  al)Sorbing  ga^es  which  are  trans- 
mitted through  it ;  by  placing  it  a  little  on  one 
Hde.  the  gas  is  made  t(t  Imltble  up  successively 
through  each  of  the  three  lower  hulbs,  besides 
being  brought  thoroughly  into  contact  with  the 
liquid  in  the  mirrow  jiortions  of  tuliing  which 
)unect  the  ditferent  bull»  together.  Tliia 
tuple  contrivance  has  added  greatly  to  pre- 
cision in  experiments  nf  this  kind.* 

The  projMirtion  of  carbonic  anliydride  in  the  atmosphere  varies 

from  3  to  ij  parts  in  10,000  of  air.     De  Sanssure  found  that 

"  '''in  these  limits  its  amount  is  lcssene<l  after  rain,  o\\nng  to  the 

'i\  action  of  the  descending  shower,  which  carries  a  portion 

01  rue  gas  with  it  to  the  earth.     It  increases  during  a  frost,  and 


•  Pcttcnkofor  estimntes  the  quantity  of  carbonic  anhydride  in  air  hy  ajritaHng  a 
r.lntnf  of  tlip  olr  lor  trial  with  a  measured  omount  of  lime-water  of  known 
"•"  '        i-iij<1  for  this  purpose  is  grnduaicd  by  the  alk.ilimftrio 

n\»t>\  solution  of  oxalic  ooiii     The  carljonie  anhydride 
«  rf.ii,  iru  ,i,!;ii.  f>f  lifne  in  tbe  form  of  chalk,  mid  tho 
1  lifter  tho  experiment  is  agnin  detei^j 
f  1  tiorenoe  in  the  quantity  of  lime  before 

I.  '<  upuu  the  air  euiiOles  the  op«rator  to  calculate  the  pTOporVioa  ol 

.>.■  with  gruaJ  accunc^. 
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duninishcs  when  a  thaw  sets  in.  During  the  night  it  inerenses 
and  diminishes  again  ajfler  sunrise.  It  is  less  m  amount  ovea 
large  bodies  of  water  than  over  large  tracts  of  land.  The  pro 
portion  of  carbonic  anhydride  is  less  liable  to  vary  on  elevated 
mountains,  where  it  is  generally  more  abundant  than  in  the  plains. 
It  is  also  more  abundant  in  densely  popidated  districts  tnan  in 
the  open  country.  In  inhabited  dwellings,  and  in  rooms  for 
public  assemblies,  the  proportion  of  carbonic  anhydride  may,  how- 
ever, greatly  exceed  the  normal  amount. 

The  quantity  of  ammonia  and  nitric  acid  in  the  atmosphere  is 
materially  diminished  after  long-continued  and  heavy  rains.  Oc- 
casionally, from  local  and  accidental  circumstances,  other  gases 
and  vapours  are  also  met  with.  The  air  of  towns  contains  in 
addition  certain  organic  impurities  in  suspension.  Dr.  Angus 
Smith  has  attempted  to  estimate  their  amount  by  measuring  the 
quantity  of  a  very  dilute  solution  of  permanganate  of  potassium 
of  known  strength  which  a  given  bulk  of  air  will  deprive  of  colour. 
•—((>.  J.  Chem.  Soc.  xi.  217.)* 

The  average  composition  of  the  atmosphere  in  the  climate  of 
England  may  be  approximatively  stated  as  follows,  in  100  parts 
by  volume : — 

Average  ComposiUon  of  (he  Atmotphere. 


Ozjgen a0'61 

Nitrogen 77-96 

Carbonic  anhydride '04 

Aqueous  vapour 1*40 

Nitric  acid 

Ammonia )■      traces 

Carburotted  hydrogen 

and  in       (  Sulphuretted  hydrogen 

towna       I  Sulphurous  anhydride 


traces 


CHAPTER  ni. 

WATER. — HYDROOENi 

§  I.  "Water.  H,0  =  18 ;  Atomic  and  Mol.  Vol.  of  Vapoiir  \    \   \ 
or  no  =  ^:Sp.  Gr.  as  Vapour  0-622,  as  Liquid  1*000,  a9 

Ice  0-918. 

(343)  Oil  the  uses  of  water  it  is  almost  needless  to  enlarge,  fo 
they  are  universally  felt  and  appreciated.  In  each  of  its  thret 
physical  conditions,  the  blessings  which  it  confers  upon  man  an 
inestimable.  As  ice,  it  furnishes  in  northern  lands  for  month 
to-;ether,  a  solid  bridge  of  communication  between  distant  places 

♦  If  air  which  has  been  scrupulously  freed  fh)m  cwbonic  anhydride  be  passei 
over  a  column  of  pure  ignited  oxide  of  copper,  traces  of  carbonic  anhydride  arc  alway 
obtained,  owing  to  the  oxidation  of  some  combustible  compound  of  carbon.  In  th 
JujK'tions  of  the  apparatus  employed  for  this  experiment  the  nse  of  cork  and  caoul 

cliouc  tausl  be  avoided  (KarBten),  or  otherwise  the  carbonic  anhjiiiWiO  mv^laX.  \ 

derived  from  them. 
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in  tlie  liqiiid  coinlition,  it  in,  absolutolv  necessary  to  the  existence 
of  vegetaMt  and  animal  life;  in  tins  sliupc.  too,  it  fnrnislies  tc- 
man  a  cotitiniiul  source  of  power  in  tlie  tiow  of  strcnitis  sunl  rivers ; 
&npi)lie3  one  of  the  intwt  cunveniont  eliannelfiof  fouiitiiiniiration 
_  stwetui  piacps^  witlrly  peparatod  ;  and  furtlit^r,  it  is  the  stnrehonse 
■<ji'  countless  iriyriads  of  creatures  tilted  for  use  us  foot] :  iu  the 
state  of  vapdur,  as  apfdieti  in  the  rtteaiu-engine,  it  has^  furuiihe<l  a 
jHiwer  which  has  in  later  years  done  more  than  any  other  phygical 
iiani  t(»  iwlvaiK'c  civilization,  to  economise  time,  and  to  aoieliorate 
}xe  ftocial  condition  of  man.  In  each  and  all  of  tlieso  jwints,  if 
^litly  considered,  we  must  perceive  the  entire  adaptation  nf  this 
onderthl  cfompound  to  the  ends  whicli  it  wae  designed  by  the 
breator  to  fnltil. 

Ghuicint;  at  the  physical  condition  of  our  planet,  we  cannot 
fail  to  1)0  iin|ire«!sed  witii  the  important  etlects  ])r(Mhiced  hy  thai 
luovenients  of  water  at  periods  anterior  to  the  existence  oi'  ntan,  aa 
well  as  in  more  recent  times.  To  such  causes  must  we  refer  the 
♦— v;iUon  of  sedimentary  rock-s  and  their  arrangement  iu  sue-' 
0  strata  upon  tlie  surface  of  the  earth:  even  now,  obsvrvation 
hU"'vs  that  denudation  is  pi-oceeiUnc  ntsonie  points,  elevation  and 
tilling  up  of  hollows  at  others;  whilnt  the  aecuniulation  of  drift 
and  a  variety  of  other  extensive  geological  changes  must  be  traced 
to  the  same  ever-acting  and  widely-ofjcrating  agency. 

It  may  further  be  olwerved  that  there  is  no  form  of  matter 
which  contributes  so  largely  as  water  to  the  beauty  and  variety  of 
the  globe  which  wo  inhabit.  In  its  solid  etate  we  are  familiar 
with  it  in  the  fonu  of  blocks  of  ice,  of  hleot  and  hail,  of  hoar-frost 
frifiging  every  ehrub  atul  blade  of  graKs»  or  of  snow  protecting  the 
tender  plant,  as  with  a  fleecy  mantle,  from  the  piercing  frosts  of 
winter.  The  rare  but  splendid  spe«;tacloa  of  mock  puiim,  or  par- 
helia, are  duo  to  the  refractive  power  of  Hoating  Hj)iculje  of  ice 
111 i. Ill  the  sun's  rays.  In  its  licpiid  condition,  as  rain  or  dew,  it 
^  the  W)il ;  aud  the  personal  ex])erience  of  all  will  testify  to 
harm  which  the  waterfall,  the  rivulet,  the  stream,  or  the  lake, 
Ids  til  the  beauty  of  the  landscape ;  whilst  few  can  beliold  un- 
loved the  unbounded  exiwuse  of  ocean,  which,  whether  motion- 
lo»5i*,  or  hoaxing  witii  the  gently  undulating  tide,  of  wlien  lashed 
into  f >am  by  the  storm  tliat  sweejw  over  itri  Biui'ace,  seems  to 
reininil  man  of  his  own  inisigniticance,  and  of  the  jtower  of  Him 
who  ulotio  can  hft  up  oj|  quell  its  roaring  waves.  In  vapour  how 
mnch  variety  is  added  to  the  view  by  the  mist  or  the  cloud,  which 
by  their  ever-changing  sluwlows  diversity,  at  every  moment,  the 
over  whi<'h  they  are  Hitting';  wiiilst  the  gorgeous  hues 
lid?  around  the  setting  sun,  and  the  flowing  tints  of  the 
liiiUnw,  ure  dut'  to  the  refractive  action  ot  water  and  watery 
l]u>nr  upon  the  solar  rays. 

/'  . — At  the  ordinary  temperature  of  the  air,  water, 

fbi"  :.    HI  admixture,  is  a  clear,  colourless,  transparent  liquid, 

if  taut*;  or  smell.     At  temperatures  below  '>i'2°  it  freeze* 
*.— liiiicR  a  variety  of  crystalline  forms  derived  from  the  rhom- 
ju  and  fcix-sidodpj-i»;ii.     Water  evaporates  at  uU  tempera- 
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tures,  and  under  the  ordinary  pressure  of  the  atmosphere  it  boils 
at  about  212°.  Its  anomalous  expansion  by  heat  (143),  and  the 
important  puqjoses  tliereby  attained  (151),  as  well  as  the  great 
dilatation  which  it  underjroes  on  freezing  (76),  have  been  already 
pointed  out.  Arago  andTresnel  have  shown,  that  notwithstand- 
ing the  gradual  dilatation  of  water  at  tenii)erature8  below  39°,  ib 
retractive  })ower  on  light  continues  to  increase  regularly,  as  though 
it  contracted.  Its  density  at  60°  is  taken  as  1*000,  and  it  formi 
tlie  standard  with  which,  in  this  country,  the  specific  gravities  of 
all  solids  and  liquids  are  compared.  A  cubic  inch  of  water  at 
60°  F.  weighs  in  air  252-4r56  grains,  and  a  cubic  foot  very  nearlj 
1000  (more  exactly  997)  ounces  avoirdupois. 

To  the  chemist  water  is  invaluable  as  a  solvent.  It  is  the  per 
fection  of  a  neutral  substance ;  and  it  entere  into  combination 
most  extensively  both  with  acids  and  Avith  bases.  Experience  hat 
shown  that  when  an  anhydride,  or  so-called  anhydrous  acid,  has 
once  been  allowed  to  combine  with  water,  the  entire  separation  of 
the  water  from  the  comjiound  is  often  impracticable,  unless  some 
powerful  l)ase  be  presented  to  the  acid ;  in  such  a  case  the  base 
appears  to  displace  the  water,  and  its  exi)ulsion  by  heat  is  then 
easily  effected.  Suppose,  for  example,  that  sulphuric  acid  hat 
been  freely  diluted  with  water ;  upon  the  application  of  heat  the 
water  at  first  passes  oft"  readily,  leaving  the  less  volatile  acic 
behind.  By  degrees,  however,  it  becomes  necessary  to  increase 
the  temperature  in  order  to  expel  the  water,  and  at  last  the  acid 
bepns  to  evaporate  also,  and  finally  no  further  separation  can  be 
etiected,  because  when  the  temperature  rises  to  about  640°  F.  tlie 
entire  liquid  distils  over.  It  is  found  on  analysing  the  acid  when 
it  has  reached  this  point,  that  the  composition  of  the  liquid  may 
be  represented  by  the  fonnula  H,SO„  or  IIO,SO,.  But  if  to  thu 
concentrated  acid  a  base,  such  as  oxide  of  lead,  be  added,  the  watei 
is  ejisily  expelled,  and  anhydrous  sulphate  of  lead  is  obtained : — 

Pbo + H,se, =H,e + Pbse.  -, 

or  PbO,-|-HO,SO.=IIO+PbO,SO.. 

Upon  the  older  and  still  current  view  of  the  constitution  of  salts, 
which  regard*  these  Iwdies  as  formed  by  the  union  of  an  anhydride 
with  a  base,  the  water  would  in  the  foregoing  instances  supply  the 
place  of  a  base,  and  it  hence  has  been  termed  lasie  water,  e.g. : — 

HO,SO„  oil  of  vitr»)l. 
PbO,SO„  Bulphatft  of  lead. 

Still  adopting  the  older  view,  it  has  been  supposed  in  a  similai 
manner  that  water  combines  with  the  powerful  bases,  such  ai 
potash  or  soda,  and  then  cannot  be  expelled  from  them  until  some 
acid  has  been  added.  Potash  in  the  form  in  which  it  is  dbtained 
by  evaporating  down  its  a(jueous  solution  and  heating  the  residue 
to  dull  redness,  contains  the  elements  of  one  equivalent  of  the  alkali 
and  one  of  water  (KO,IIO) :  this  equivalent  of  water  cannot  be 
expelled  except  by  tlie  addition  of  an  acid,  such  as  sulphuric  acid ; 
then  by  the  application  of  heat,  anhydrous  sulphate  of  potash  k 
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"oROineil.     In  sucli  a  case  the  water  in  coinbiujition  with  tlie  baec 
appeal^  t'>  |>*»rf<«riii  tlie  part  of  au  acid. 

Tilt'  '  j:  exijlniuition  is  inadmissible  if  water  be  repn*- 

ieiiteJ  ''ng  •!*  U,^;  but  in  this  ciise  the  predenci.'  of 

Lvdaigen  in  hydrate  uf  potash  may  lie  e(jiially  well  at-ooiinteil  for. 
il  it  be  su[>i>o6ed  that  caustic  jKitasli  is  a  cuinpound  formed  upu.i 
the  same  plan  or  type  as  water,  but  that  it  coiitaius  an  atom  yf 
[nitiir-iniii  in  pbice  uf  one  of  the  atoms  of  hydroi'en  ])rertt.'iit  iii 
V:.v  iu  It'i'ule  of  water.  Farther,  anhydrous  jM»tasli,  wliifii  may 
bt  lonned  fn^iu  the  hydrate  of  the  alkali  by  heatiug  it  wiili 
jjtiUroium,  whilst  hydrogen  is  liberated,  is  viewed  as  containing 
tTo  atoms  of  potassium  m  place  of  the  two  atoms  of  hydrogen  in 
tiie  molecule  of  water.  The  relations  of  these  three  diHerent  com- 
pounds may  be  thus  represented : — 


W«t«r. 


Une         ;         KHO         ;  KKO 

The  reaction  of  sulphuric  acid  upon  hydrate  of  potash  is  then 
« true  case  of  double  decomposition,  as  may  be  thus  repre- 
eeutetl : — 


HrdntcoT 


Salpharlo 
Add. 


WtU-r. 


SnlpbaU  at 
PoteMlum. 


2KHe    +    H,SO,   =    2RHe    +    K,SO, 
Ae  two  atoms  r»f  jx^tassium  of  the  base,  and  the  two  of  hydrogen. 
in  tlie  acid,  changing  places  with  each  other,  whilst  sulphate  of 
p<)t«eeium  aud  water  are  each  formed  simultaneously. 

TLe  cxmipoandri  of  water  are  fretjuently  termed  hydrnt^^. 
^^eii  a  [)o<ly  is  described  as  being  entirely  free  from  water,  in 
combinatiou,  it  is  commonly  said  to  l>e  an/ti/drous  (Irom  a  not. 
M«;  vrater). 

Mniiy  salt*  in  crystallizing  unite  with  a  definite  quantity  of 
fater,  wiiich  is  essential  to  the  form  of  the  salt,  but  which  may, 
l»,T  the  application  of  a  gentle  heat,  be  expelled  without  altering 
tne  chemical  jiroperties  of  the  saline  body.  In  this  case  the 
^vr  Li  spiiken  of  as  waiter  of  crystuUization.  Many  salts  part 
wi'b  such  water  by  mere  exposure  to  air.  Carbonate  of  sodium, 
•orexanipli^  crmubles  down  or  effloresces  to  a  white  powder;  and 
llie  same  thing  ocelli's  in  the  case  of  sulphate  of  60<liura,*  Th.- 
wnn  III'  the  ?ull  <lcpeiids  upon  the  quantity  of  this  water  of  crvf- 
l*llization.  For  instance,  borax  is  always  foimd  to  crystallize 
10  atonu  of  water  -(Na^B.O,  .  10  H,0),  in  obhque  rect- 

lar  prisms,  if  the  solution  of  the  salt  be  not  sufficiently 
wwcentrutfcl  to  begin  to  crystallize  till  the  temperature  falls  to 
I'W"  F. ;  but  from  a  more  concentrated  solution  borax  isdejwsited 
"J  re«;ular  itctohedra  with  only  5  atoms  of  water.  So,  again,  the 
wljmate  of  sodium  crystallizes,  under  ordinary  circumstancee,  in 
oWifjUc   foiir-sidod  prisms  with    10   atoms   ot    water   (Na,SB.  . 

'  Older  anUs,  on  the  contnuy,  absorb  moisture  from  the  atmoaphere,  and  beeotne 
^'9  or  even  liquefy  id  the  water  ko  ab8orb«J ;  they  are  then  said  to  ddique^ee. 
CirboMte  of  potassiuoi  «ad  clJoridfl  of  calcium  offer  inatancea  of  t\i\a  kind. 
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10  H,0) ;  but  if  a  solution  saturated  at  91",  bo  very  slowly  raise^Sl 
to  212°,  the  sulphate  of  sodium  is  deposited  in  rhombic  octohedr^^ 
which  contain  no  water. 

(344)  Variouskindaof  Naiural  Witters. — Owing  to  its  exteiB- — 
sive  solvent  powers,  water  is  never  met  with  naturally  in  a  states 
of  purity,  liain  Water,  collected  after  a  long  continuance  of  we- '^ 
weather,  approaches  nearest  to  it,  but  even  that  always  contain^^ 
atmospheric  air,  and  the  gases  floating  in  the  air,  to  the  extent  o^^ 
about  2^  cubic  inches  of  air  in  100  ot  water.* 

*  The  qnantitj  of  ur  which  is  contained  -In  spring  or  other  water  cas  be  reaffi^^ 
ascertained  in  the  following  manner.    A  globular  flask,  a,  %  276,  capable  of  cott"-  — 

taining    14  or  16   odnoei^ 
Fig.  276.  such  as  is  used  for  takinj^" 

the  density  of  Tapoars,  'vm- 
filled  with  the  water  to  be> 
examined,  and  connected, 
by  a  vulcanized  caoutduxu^ 
tube,  i,  to  a  piece  of  buo- 
meter  tube,  upon  which  is 
blown  a  bulb,  c,  2  inches  or 
more  in  diameter.  This 
tube  is  bent  in  the  TT'snnflr 
represented  in  the  figure; 
the  longer  limb  being  up- 
wards of  30  '  inctiM  in 
length,  and  terminating  b»- 
low  in  a  recurved  extremity 
designed  to  deliver  the  gat 
disengaged  fVom  the  water, 
into  a  graduated  jar,  d,  widi 
an  expanded  funnel-shaped 
mouth,  which  is  supported 
in  a  small  mercurial  baOi. 
The  bulb,  c,  having  been 
about  half  filled  with  the 
water,  is  connected  with  the 
flusk  by  the  caoutchouc 
tube,  which  is  firmly  se- 
cured at  both  ends  by  lig«> 
tures.  A  small  wooden 
vice,  such  as  is  seen  at  /  is 
made  use  of  to  compress 
the  vulcanized  tube  and  to 
cut  ofi'  communication  be> 
tween  the  flask  and  the  bulb,  c  The  water  in  c  is  now  mu<lo  to  boil  briskly  for  ten 
minutes  or  a  quarter  of  an  hour,  until  all  the  air  is  expelled  from  the  tube,  the 
mouth  of  which  is  kept  just  below  the  surface  of  the  mercury.  When,  after  the 
boiling  has  been  continued  for  a  few  mmutes,  no  more  air  escapes  from  tlie  tube, 
the  jnr,  d.  is  filled  with  mercury  and  placed  over  the  end  of  the  long  tube.  The  vice 
is  removed,  and  heat  applied  to  the  flask  ;  the  water  speedily  begins  to  give  oS  gas: 
and  the  quantity  increases  till  the  water  boils.  The  ebullition  nuisl  be  continued 
steadily  for  a  fuU  hour,  and  the  operation  terminated  by  a  few  minutes'  brisk  boiling, 
by  which  the  delivery  tube  will  be  filled  with  steam,  and  all  the  nir  will  be  driven  over 
into  the  jar.  One  object  of  the  globe,  c,  is  to  prevent  the  water  from  boiling  over  into  the 
jar,  d:  a  little  steam  always  coudcnsca  in  the  jar  above  the  mercury,  but  this  is  a  mat- 
ter of  small  consequence.  When  the  operation  has  tcrminotcd.  the  gns  is  allowed  to  cool, 
and  is  transferred  to  a  tall  jar  of  water,  or  of  mercury,  where  its  bulk  can  !«  measured. 
It  will  be  found  that  all  water,  including  oven  that  which  has  lieen  recently  dis- 
tilled, contains  air.  For  example,  three  samples  of  water  twice  di!<tilled  in  glass 
vessels,  were  submitted  to  experiment:  100  cub.  in.  of  the  first  specimen  contained 
1-86 cub.  in.  of  air;  in  the  same  bulk  of  the  second  2-15,  and  the  third  specimen 
2*38  cub.  in.  of  air  were  present ;  the  oxygen  and  nitrogen  being  in  each  case  almost 
exactly  in  the  proportion  of  1  measure  of  oxygen  to  2  measures  of  nitrogen. 
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Spring  Water,  althongh  it  may  be  perfeetly  transparent,  always 
contuhij  more  or  li'ss  of  saline  matter  diss<tlved  in  it;  the  nature 
of  tlete  salts  will  of  coui's-e  vary  with  the  character  of  the  g«»il 
flinm-:!)  wliich  the  water  percolate*?.  The  mot»t  nsnal  saline  impn- 
ritite  iirt'  carbunate  of  cahuum,  common  salt,  siilphute  of  calcniun, 
mid  aiiljihuie  and  carlx>nate  of  majxnesiutn.  'Ino  wato-rs  of  the 
Ni'ff  Red  Sandstone  are  impregnated  to  a  greater  or  less  extent 
witii  su]|ihate  of  ealcium.  Most  sjiring  waters  are  charged  with 
«  notable  proportion  of  carhonic  acid,  which  dissolves  a  ooni^ider- 
altie Htiiount  of  carlxniate  nf  calcium;  the  calcareons  8]>rings  in 
llie  cimlk  districts  around  London  eimtaiu  from  IS  t^)  20  grains 
ofdiiilk  per  gallon,  fi  ur  8  grains  of  which  become  separated 
l>y  expiiisiire  of  the  water  to  the  atmosphere,  bo  that  a  running 
ftreiiiu  will  selilom  contain  more  than  12  or  14  grains  of  chalk 
fer  »allon  in  solution.  Waters  which  have  hltered  through 
u !«(!  iif  chalk  also  often  contain  carlxMiate  of  sodium  in  cousi- 
'leralile  quantity,  as  is  the  case  with  the  deep-well  waters  of 
LoiKJini. 

Jlineral  Waters  are  waters  impregnated  with  a  large  propor- 

(ioii  of  any  one  of  the  aljove-named  salts,  or  with  some  substance 

Jii't  **)  commonly  met  with :  such  watere  are  usually  reputed  to 

jic^^e-*  medicinal  (jualities,  which  vary  with  the  nature  of  the  salt 

lu  Solution.     Many  of  these  8]>rings  are  of  a  temperature  con- 

siderablv  higher  than  that  of  the  surface  of  the  eartn  where  they 

make  tlieir  appearance.     At  Carlsbad  and  Aix-la-Chapelle  this 

temperature  varies  from  160°  to  l!)0°.     Such  hot  springs  either 

occur  in  the  vicinity  of  volcanoes,  in  which  case  they  generally 

Mboiind  in  carbonic  acid,  as  well  si-s  in  common  salt  and  other  salts 

of  sodium  :  or  they  spring  from  great  depths  in  the  rocks  of  the 

earliest  geological  periods,  and  contain  chlorides  of  calcium  and 

magtusium,  and  almost  always  traces  of  sulphuretted  hydrogen. 

^lierzeliurf.) 

Many  mineral  waters  contain  salts  of  iron  in  solution,  which 
impart  to  them  an-  inky  taste ;  they  are  then  frequently  termed 
ehaluhtat^!  waters ;  some  of  the  Cheltenham  springs  are  of  this 
kiad.  In  other  instances  carbonic  acid  is  very  abundant,  giving 
the  brifik  r-^'envmci^nt  chara<.tter  noticed  in  Seltzer  water.  Less 
fretjuently,  a&  in  the  Harrogate  water,  sulphuretted  hydrogen  is 
the  }»redominating  ingredient,  giving  the  nauseous  tJiste  and  smell 
lo  such  iulphareonif  waters.  In  other  instances  the  springs  are 
merely  saline,  and  contain  purgative  salts,  like  the  springs  at 
Epeom.  which  abound  in  sulphate  of  magnesium,  and  at  Chelten- 
ham, where  common  salt  and  subibate  of  sodium  are  the  predo- 
minant constituent*.  Many  of  tliese  saline  springs  also  contain 
email  quantities  of  iodine  and  bromine,  which  add  greatly  to  their 
therapeutic  activity. 

Jilwr  WaUr  is  less  fitted  for  drinking  than  ordinary  spring 
water,  althongh  it  often  contains  a  smaller  amount  of  .-^alts  ;  for 
it  usually  ludds  in  scdution  a  much  larger  proportion  of  organic 
ar  of  vegetable  origin,  derived  from  the  exten.Mve  surface  of 
iimtr}'  which  hns  bcea  draiued  by  the  etrearu.     If  the  sewerage 
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of  larji^e  toTros  situated  on  the  banks  be  allowed  to  pass  into  tfie 
streani,  it  is  of  course  still  less  tit  for  domestic  use.     Ilunning  i 
water  is,  however,  endowe<l  with  a  self-purl tVing  power  of  the| 
highest  importance ;  the  continual  ex]iosnrc  nf  treeii  surfaces  to  ] 
the  action  of  tlie  atmosphere  promotes  the  oxidation  of  the  organic 
matter,  and  if  the  stream  be  unjiolluted  by  the  influx  of  the 
sewerage  of  a  large  tmvn.this  process  is  generally  tiilly  adoquale 
to  presen'e  it  in  a  wholesome  state.     River  water  almost  always 
requires  liltration  through  sand  before  it  is  tit  for  domestic  nsc  ; 
and  if  water-works  designed  to  supjdy  such  water  l)e  properly  cow- 
etructed,  provision  is  made  for  this  liltration.     Suspendctl  niatten, 
snch  a«  weeds,  iish-spawn,  leaves,  and  finely  divided  silt  or  nind,j 
are  thus  removed;  but  vegetable  colouring  matter  in  solution,] 
salts,  and  other  bodies,  when  once  they  are  dissolved,  cannot  be  I 
arrested  by  such  a  filter. 

In  the  gradual  percolation  of  water  througli  the  porous  strata  ^ 
of  the  earth,  many  even  of  these  acduble  impurities  are  removed, 
particularly  those  of  organic  origin,  partly  by  adliesion  to  the] 
surface  of  the  liltering  material,  but  chiefly  by  a  slow  oxidation  j 
in  the  pores  of  the  soil. 

The  magnetic  oxide  of  iron,  indeed,  eecms  to  exert  a  peculiBt 
influence  in  promoting  the  oxidation  ot  organic  matter  contained 
in  water  wliich  is  allowed  to  percolate  through  it,  and  it  appeal's! 
to  be  j)r()lial>le  that  this  action,  to  which  Mr.  Spencer  lias  parti- 
cularly called  attention,  may  furnish  a  valuable  auxiliary  to  tli© 
methods  of  filtration  at  present  in  use.     Filtration  througli  botkj 
of  iron  turnings  has  likewise  been  practised  in  some  cmea  vsritUJ 
advantages  of  a  similar  description,  but  the  oxygen  is  in  this  caael 
in  great  mea.*ure  altsorbed  from  the  water  by  the  iron. 

The  presence  of  organic  matter  in  water  is  easily  ascertained 
by  the  reducing  influence  which  it  exerts  upon  chloride  of  silverj 
or  <if  gold,  or  upon  permanganate  of  potassium,  M'lien  boiled  with! 
them.     The  chloride  of  silver  becomes  purplish  :  ami  chloride  of 
gold  imparts  a  l)rown  tint  to  the  water  nnder  6uclicircuiiistanc*«, 
o\ving  to  the  pj*ecipitation  of  metallic  gold,     A  very  dilute  s<">lu- 
tion  of  ])emianganatc  of  pota.*.siuni  is  rendered  co|ourle.'»s,  whilst  al 
bro%vn  ])rccipitate  of  liydrateil  peroxiile  of  manganese  is  foniu'd.l 

Water  is  familiarly  spoken  of  as  hard  ur  soj't,  according  to  itA] 
action  on  soap.  Those  waters  which  contain  comjxHmds  of  cal-| 
ciuin  or  magnesium  occasion  a  eunlflng  of  the  soap,  as  those] 
bodies  produce  with  the  fatty  acid  contained  in  the  soap  a  8ul>-| 
stance  not  soluble  in  water.  Soft  waters  do  not  contam  these] 
salts,  and  dissolve  the  soap  without  difticulty.  !Ma?iy  hard] 
waters  become  softer  by  boiling ;  in  euch  casc«  the  carbonic  acic 
is  expelled,  an<l  the  carlK^nate  and  part  of  the  sulphate  of  calcium] 
whicli  w«!re  held  in  solution  arc  depoi^ited,  and  cause  a  I'ur  or] 
inernstation  upon  the  insiile  of  tlu;  Itoiler  (055).  I 

Sea  Watrr  is  Iar<rely  impreirnated  \i-ith  common  salt,  and  with] 
chloride  of  magnesium,  to  which  it  owes  its  saline  bitter  taste.  It] 
might  l)o  supposed  that  tho  (juaiitity  of  salti*  which  it  contains  Is] 
continually  on  the  increase,  n»  the  sea  is  the  receptacle  tur  all  tht 
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fixed  contents  of  the  river  water  which  is  discharged  into  tlie 
ocean,  since  pure  water  alone  evaporates  from  its  surface ;  but  here 
ako  tnere  is  a  return  to  the  surface  of  the  soil  provided  for  in  the 
marine  plants,  the  fish,  and  their  representative  guano,  which  are 
perpetually  being  raised  from  its  depths  by  the  force  of  storms,  by 
prwatory  birds,  and  by  the  industry  of  man.  The  specific  gravity 
of  sea  water  is  subject  to  trifling  variations,  according  to  the  part 
of  the  globe  from  which  it  is  taken.  The  waters  of  the  Baltic 
and  of  the  Black  Sea  are  less  salt  than  the  average,  while  those 
of  the  Mediterranean  are  more  so.  The  watere  of  the  Mediter- 
ranean in  the  Levant  are  more  salt  than  those  of  the  same  sea 
near  the  Straits  of  Gibraltar.  The  mean  specific  gravity  of  sea 
water  is  1*027,  and  the  quantity  of  salts  ranges  from  3*5  to  4  per 
cent.  According  to  Schweitzer  {Phil.  Mag.  1839,  vol  xv.  p.  58), 
the  water  of  the  British  (/hannel  is  composed  as  follows : — that 
of  the  Mediterranean,  analysed  by  Usiglio  {Ann.  de  Chimie,  III. 
nvii.  104),  will  be  seen  to  agree  very  closely  with  it  in  compo- 
sition : — 

Brittob  ChanneL  Medltemoean. 

Water 963-74372  962345 

Chloride  of  sodium 28-05948  29-424 

Chloride  of  potaasium 0*76552  ....  0-505 

Chloride  of  magnesium 3-66658  3-219 

Bromide  of  magnesium 0  02929  ....  0-666 

Sulphate  of  magnesium 229578  <-477 

Sulphate  of  calcium 1-40662  1-357 

Carbonate  of  calcium 0-03301  ....  0-114 

Iodine traces 

Ammonia traces 

Oxide  of  iron 0-003 

1000-00000  looo'-itoo" 

Specific  gravity 1027-4  at  60"  P.  1020-8  at  70'  F. 

Minute  quantities  of  iron  and  phospliates  have  been  found  in  tlie 
waters  of  the  ocean,  but  nitrates  have  as  yet  eluded  the  must 
careful  observation. 

For  chemical  purposes  water  is  always  purified  by  distillation, 
which  may  be  effected  on  a  small  scale  in  glass  retorts,  but  it  is 
generally  carried  on  in  a  copper  still  provided  with  a  pewter  or 
copper  worm.     Iron  pipes  may  also  be  safely  used  for  the  purpose 
of  condensation  ;  but  lead  m\ist  be  avoided.     Tlie  still  should  not 
be  employed  for  any  other  purpose.     The  addition  of  Ibne  to  the 
water  before  submitting  it  to  distillation  is  useful,  as  it  retains  tlie 
excess  of  carbonic  acid,  and  also  traces  of  hydrochloric  acid,  which 
if  chloride  of  maiijnesium  be  present  are  apt  to  come  over,  owing 
to  the  decomposition  of  this  salt.     The  first  portions  of  water 
should  be  rejected,  because  they  usually  contain  traces  of  ammonia ; 
when  a  few  drops  of  distilled  water  are  evaporated  upon  a  slip  of 
glass,  no  stain  or  mark  should  be  left,  otherwise  some  saline  im- 
purity is  present. 

Water  was  long  supposed  to  be  an  elementary  substance. 
This,  however,  is  not  the  case :  it  is  a  compound  of  oxygen  with 
hydrogen,  in  the  proportion  of  1  equwalent  of  each,  or  two  aioms 
of  hydrogen  to  one  atom  of  oxygen ;  its  symbol  is  therefore  H^O, 
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and  its  combining  niunber  18.    When  converted  into  vapoury 
18  grains  of  steam  occupy  twice  the  bulk  of  one  grain  oit 
hydrogen  at  the  same  temperature ;  the  combining  volume  o^ 
aqueous  vapour  is  therefore  |    |    |,  if  the  combining  volume  of" 
hydrogen  be  taken  as  Q.    Its  composition  is  shown  in  the  fol  - 
lowing  table : — 

Bjr  ToL  ^p.  |cr.  'rap. 

a  or  1-0     =     0-0699 
1       0-5     =     0.5638 


Hydrogen 

Oxygen 


Bfmlt.  Bjr  watgbt. 

H,    =     2  or  nil 
e      =16      88-89 


DnmM. 
1112 
88-88 


"Water 


H,e    =  18   100-00    100-00      a     i-o   =   0-6220 


§  II.  Htdbooen.    H  =  1. 

J^.  Or.  0-0692;  Atomdc  vd.  H* 

(345)  PrepaToiion. — The  composition  of  water  may  be  deter- 
mined Itoth  by  analysis  or  separation  of  its  constituents,  and  by 
synthesis  or  their  reunion  atter  such  separation. 

1. — ^An  elegant  mode  of  showing  the  composition  of  water  ana- 
lytically is  aflbrded  by  the  voltaic  battery.  A  glass  vessel,  fig,  277, 
containing  two  platinum  plates,  a  and  J,  is  filled  with  water, 
slightly  acidulated  with  sulphuric  acid  to  improve  its  conducting 
power,  and  is  arranged  so  as  to  transnut 
the  current  of  a  battery  consisting  of  three 
or  four  pairs  of  Grove  s  cells  (266).  Im- 
mediately that  the  two  platinum  plates  are 
connected  vrtth  the  wires  of  the  battery, 

fas  rises  from  each ;  and  if  two  similar  jars 
e  filled  with  water  and  inverted  one  over 
each  plate,  the  volume  of  the  gas  which  rises 
from  the  platinode,  or  negative  plate.  J, 
will  be  found  to  be  exactly  double  of  that 
which  rises  from  the  zincode,  or  positive 
plate,  a  :  the  gas  in  the  tube  o  will  show 
itself  to  be  oxygen  by  rekindling  a  glowing 
match,  whilst  that  in  h  extinguishes  flame, 
but  takes  fire  itself  when  a  light  approaches 
it.  To  the  latter  gas  the  name  of  hydrogen 
(from  05up  water,  ysvvow  to  generate)  has  been  given.  Oxygen 
and  liydrogen  are  the  sole  ingredients  of  water,  and  by  their  xmion 
in  the  proportion  of  two  measures  of  hydrogen  to  one  measure  of 
oxygen  this  liquid  is  reproduced. 

2, — The  presence  of  hvdrogen  and  oxygen  in  water  may  be 
shown  in  otlier  ways,  and  hydrogen  may  be  obtained  from  it  by 
chemical  means.  Ii  a  piece  ot  so<lium  of  the  size  of  a  pea  be 
wrapped  up  in  blotting  paper,  and  be  rapidly  introduced  beneath 
the  mouth  of  a  strong  wide  tube,  10  or  12  inches  long,  filled  with 
water  and  inverted  in  the  pneumatic  trough,  bubbles  of  gas  will 
be  quickly  disengaged,  and  will  collect  on  the  upper  part  of  tlie 


*  Free  hydrogen  is  now  commonly  regarded  as  (HH),  or  hydride  of  hydrogen,  with 
a  molecular  volume  '~1 1. 
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luLe.  On  inverting  tUe  ttibe  and  apiilyin"  a  light,  tlie  gas  will 
take  tire  ntid  biirii  witii  flume  ;  tlieliiiuidia  llie  tube  will  bctouiid 
to  be  alkaline,  and  will  change  the  yellow  colour  of  turmeric  to 
br  (la  having  l)ecn  I'l-ntncd  by  the  combiuation  of  the sodiinu 

V  '11  dorivi'd  fn»m  water. 

«.  -Uvdrogen  may  be  alno  obtained  by  the  action  of  water 
uriou  iron  at  a  nigh  tcinperaturc.  In  order  to  effect  this,  let  a  piece 
of  iron  piping,  ghowii  ut  a  a,  tig.  27$,  be  tilled  with  iron  turnings, 

Fro.  218. 
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heated  to  redness  in  a  portable  furnace,  B  ;  and  let  a  current 
'steam  lie  driven  tlirougb  the  tube  from  a  small  boiler,  c,  attached 
Ut  one  extremity  of  the  ]»ipe;  the  aiiueous  vupoiir  in  itc.  passage 
will  be  decouj posed,  the  oxygen  will  enter  into  conibination  with 
the  heated  iron,  whilst  the  liberated  hydrogen  will  pass  on.  and 
way  be  c*>]lected  over  water  in  a  jar,  u,  placed  over  the  mouth  of 
a  bent  tube  attached  to  the  other  extremity  of  the  iron  pipe.  The 
devom position  may  be  represented  in  symbols  as  follows: — 

3  Fe-)-4  II,e=Fee,  FeA+*  H.- 

4. — L>eville  and  Debray  prepare  hydrogen  on  a  large  scale 
nearly  pure,  by  tnin-imitting  steam  over  charcoal,  or  coke  lieated 
to  didl  redness.  CarlM)nic  ahhydri<Jc  and  hydrogen  are  the  sole 
piijiiiiftri  if  tlie  temperature  be  kept  sufficiently  low: — 

2  H,e  +  e  =  2  ir,  -H  ee,. 

The  gas  is  purified  by  causing  it  to  travei'sio  an  apparatus  filled 
ith  nlaked  linn;,  an<]  similar  to  that  known  as  the  dry  lime  puri- 
_  Br  f'lr  coal  gas.  If  tiie  temperature  be  allowed  to  rise  too  high, 
part  of  the  oiHionic  anliy4lride  is  converted  into  carbonic  oxide 
(Jli)7),  »nd  tin's  gad  cannnt  tiien  Ite  removed  from  the  mixture. 

5. — It  may  aW»  be  obtained  by  heating  zinc  with  a  solution  of 
hydrate  of  potJL>^Ii,  the  metal  cond)ining  witli  the  oxygen  of  the 
water,  or  displacing  the  hy(h-u^'e/i  coHfained  iu  the  Hydrate  of 
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]K>tash,  whilst  the  hydrogen  is  lil)erated,  the  oxide  of  zinc  as  it  is 
lurmed  being  dieeolved  by  the  alkaline  liquid — 

2  KHe  +  Zn  becoming  K^nO,  +  H, ; 

bnt  this  method  is  interesting  from  its  theoretical  bearings  rathear- 
than  from  any  practical  utility. 

6. — But  the  mrist  convenient  way  of  procuring  hydrogen  is  b^ 
the  action  of  diluted  sulphuric  acid  on  zinc.     Tlie  zinc  may  Ires- 
ii)elte<l  in  an  iron  ladle,  and  ]X)ured  from  the  height  of  a  few  feet^ 
into  a  pail  of  cold  water,  by  which  means  it  is  granulated,  or  re — 
duced  into  grains  or  flakes :  about  half  an  ounce  of  the  granulatedL 
zinc  is  introduced  into  a  retort,  and  a  diluted  acid,  prepared  b^ 
mixing  an  ounce  of  oil  of  vitriol  cautiously  with  6  ounces  of  cold 
water,  stirring  all  the  while,  is  poured  upon  the  zinc.    Hydn^em. 
gas  is  s<M>ii  evulved  in  great  abundance:  the  first  portions  of  ga» 
whicli  are  cmtaminated  with  the  air  contained  in  the  retort,  must 
l>e  allowed  to  esca])e ;  afterwards  the  gas  may  be  collected  yn  the^ 
usual  way.    In  this  process  the  zinc  may  be  r^^arded  as  displac- 
ing the  hydrr>gen  of  the  acid,  and  forming  the  salt  called  sulphate 
of  zinc,  which  l>ecomes  disst»lved,  while  the  hydrogen  passes  off  ia 
the  gaseous  form.     The  change  may  be  illustrated  by  the  following 
equation : — 

H.Se,  -I-  Zn  =  ZnSe,  +  H,. 

An  ounce  of  zinc  is  sufficient  to  liberate  from  water  about  2^ 
galhms  of  the  gas.  Scraps  of  iron  may  be  substituted  tor  zinc ; 
out  in  this  case  the  gas  is  less  pure :  it  has  a  disagreeable  oditnr, 
due  to  the  j>rcsence  of  a  peculiar  compound  of  liydrogen  and  car- 
l)on,  but  this  may .  Iw  removed  by  allowing  the  gas  to  stream 
tlmjugh  a  tul)e  filled  with  fragments  of  wood  charcoal  (Stenhouse). 
The  gas  fumishe<l  by  the  action  of  diluted  sulphuric  acid  on  zinc 
also  jKissesses  a  peculiar  txlour,  and  is  frequently  contaminated 
with  small  quantities  of  compounds  of  liydrogen  with  sulphur, 
arsenic,  and  carlxm.  It  may  be  freed  from  these  imi)uritie8  by 
causing  it  to  pass  first  tlir(»ugli  a  strong  solntiim  of  potash,  and 
then  through  a  solution  of  corrosive  sublimate,  or  of  nitrate  of 
silver. 

ProjK'rties. — liydrogen  is  an  elementarj-  substance,  which  was 
discovered  bv  (,'avendish  in  17«5<.{,  and  was  called  by  him  injlam- 
m<thle  air.  *\V^heii  obtainwl  with  the  precautions  just  mentioned, 
it  is  a  colourhfss,  trans])arent,  tasteless,  and  iiiodon>us  gas.  Its 
refractive  power  upon  light  is  higher  than  that  of  any  titlier  gas, 
being  more  than  six  times  as  great  as  that  of  atmospheric  air  at 
the  same  temperature,  when  the  hydrogen  is  compnwsed  till  its 
weight  is  the  same  as  that  of  an  e(jual  bulk  of  air.  It  has  never 
been  liqnefic<l,  and  is  even  less  soluble  in  water  than  nitrogen, 
100  cubic  inches  of  water,  according  to  Bunsen,  dissolving  1*93 
cubic  inches  of  hydr«.»gen  at  all  temperatures  between  32°  and 
68°  F.  Hydrogen  is  tiie  lightest  form  of  matter  which  is  known : 
its  weight  Is  only  one-sixteenth  of  that  of  an  e<pial  bulk  of  oxygen, 
and  little  more  than  a  tomteenth  of  that  of  air:  100  cubic  inches 
of  it  weigh  but  2*14  grains.    Owing  to  its  levity,  it  has  been 
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extciirively  used  for  ftorostatic  jmrposes,  ultliough  the  facilitj 
will  which  coal-fjas  can  u<iw  be  obtained  liiLs  caused  this  l»ttcr, 
DonrithRtaiiding  its  mucli  greater  deusity.  to 
k'  iinivenially  substituted  I'tir  hvdrogen  in  till- 
ing: liallixjns.  A  li<;ht  biip  made  ot'  the  craw 
of  H  turkey,  or  ol  coIUmIIku,  may  easily  be 
iulliitcd  with  hydrogen,  and  Mill  ascetid  nijiid- 
!v,aini  carry  with  it  a  weifjht  of  several  j^rains. 
Oiving  to  the  lij^htness  of  the  gas,  a  jar  may 
leen-sily  tilled  with  it  hy  <Jwj}iitcet/uvtt  without 
mn^  the  pneuaiatic  trough  : — A  tube,  8  or  10 
inchte  lung,  is  tixed  by  a  eork,  in  the  m:vimer 
sliu«ii  Ht  A,  h"g.  279,  into  a  three-necked  bdttle 
w>iitaining  some  granulated  zinc ;  diluted  sul- 
pliurii-  acid  is-  intpjduced  through  the  funnel, 
aii<l  ihi-  giLS,  atler  the  Htmofipiieric  air  in  the 
hiittle  lijL*  been  allowed  to  escape,  may  be  col- 
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lei'twl  by  holding  a  jar  over  the  tube,  as  at  b, 

Tbe  hyilrugen  w^dl  be  retained  for  some  min- 

nlaseven  if  the  jar  be  removed,  provided  that 

it  be  still  held  in  the  inverted  positiuu ;  while 

if  the  t»<mth  be  turned  upwards,  the  gas  will 

liave  et-uaped  atW  the  lapae  of  a  few  (jeconds.     Pure  hydro^n, 

tiiouifli  it  cannot  support  life,  is  not  pttisouous,  and  wlien  mixed 

*ith  u  certain  propurtion  of  oxygen  it  has  been  breathed  for 

wmo  time  without  inconvenience;    but,  owing  to  its  rai-ity,  it 

fenders  the  voice  temporarily  much  sharper  and  more  shrill  than 

Dfinal. 

Hydrogen  has  a  smaller  combining  number  than  any  other 

plerfipntary  body,  and  it  has  henee  been  taken  as  the  unit  or 

'1  of  comparLsou,  Ixith  for  atomic  weight!*  and  combining 

I".     Its  proportional  number  is  therefore  imity,  or  1,  and  its 

wmbining  vouime  1  or  |    |*.  ' 

•  Tho  proportions  in  which  the  dilTerent  elements  combine  with  liyclrogen  to  form 
fnc-m  c«nipoun<ii<  afford  a  woll-mnrkod  character  which  serves  a«  a  foundation  for 
imni[)ini»  tbe  didVrtiiit  elements  into  nuturui  familice.  For  osninple,  in  the  table 
"till  luUows,  soiiio  of  the  ino:<t  important  gaseous  compounds  of  the  different 
WwnK  with  hydrovren  nro  enimier.it«d :  iu  each  ease  the  quantity  r<.^preseiited  by 
I  formula  g:ivca  indicates  tvs'o  voluiuus  of  thu  gauuous  coupoiuid  (H  =  I  voL  and 
1  =  2  voU.), 

lu  the  ttrut  ooluraa  the  compounds  are  formed  hy  the  union  of  one  atom  of  each 
lil^uuii     Thr  inii.l-,  ,,1"  I  In-  „ll,-  ,ijn«  and  OHO  Of  two  ollicra  displace  hydrogen  from 

'  'portion  of  AinK'le  o'|uivulcut8,  and  tliuse  metals 
Mue  the  group  of  Jftt/i(i/i5. 
,.1  column  ol  iliti  ublu  two  atoms  of  hydrojren  are  shown  in  comblna' 
•  torn  of  certain  other  (ili/(ul)  eleinente.  In  addition  to  the  uon-mi>tuUic 
.  thus  have  Iho  power  of  supplying:  the  plaoe  of  two  atoms  of  clilorina 
ith  hydro>,>oii,  it  may  l>e  stated  that  the  metals  of  thu  alkaline  eurthft 

'''         iry  metals  which  form  basic  oxides,  displace  two  atoms  of  hydrogen, 

1  utiiu'  Willi  two  ntonm  of  chlorine ;  they  constitute  the  dyoii  proup  of  metals. 
Mn  the  ili'rd  column  of  tho  table  each  eonipound  given  ooutoins  3  utoms  of  hydro* 
1  «uiti<d  with  1  atom  of  some  other  {triad)  element.  These  also  have  their  ropre- 
^i>\i'£  among  the  .vcll-kuown  metals;  for  tho  triads  embrace  gold,  aluminum, 
I  rhodium,  an  atom  of  each  of  which  unites  with  three  atoms  of  dUorino,  and  ia 
^W  equivalent  in  ftwctioa  to  three  atoms  of  bjrdrogoa. 
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Hydn^n  unites  directly  with  several  elements  if  heated  with 
them,  particnlarly  with  oxygen  and  with  chlorine.  If  heated 
with  BUlphm*,  with  bromine,  and  with  phosphoms,  it  also  combines 
with  them,  though  slowly  and  with  difficnlty. 

(346)  Synthests  of  Water — Eudiometers. — Hydrogen  is  extreme- 
ly inflammable ;  when  a  lighted  taper  is  plunged  into  a  jar  of  it, 
the  gas  takes  fire,  but  the  taper  is  extinguished.  A  jet  of  hydro- 
gen bums  with  a  pale,  yellowish,  feebly  luminous  flame,  but  gives 
out  great  heat.  If  the  gas  be  dried  by  causing  it  to  pass  through 
a  tube  containing  chloride  of  calciumj  and  a  cold  betl-iar  be  "held 
over  the  burning  jet,  the  interior  of  the  glass  quickly  becomes 
bedewed  with  moisture,  owing  to  the  formation  of  water  by  the 
union  of  the  burning  hvdrc^en  with  the  oxygen  of  the  atmos- 
phere. Oxygen  and  hydrogen  may  be  kept  in  a  state  of  mixture 
at  the  ordinary  temperature  of  the  air  for  an  unlimited  period 
without  entering  into  combination ;  but  the  passage  of  an  elec- 
tric spark,  the  application  of  a  lighted  or  even  of  a  glowing 
match,  and,  in  some  instances,  the  mere  contact  of  a  cold  metallic 
substance,  such  as  platinum,  especially  if  the  metal  be  in  a  finely 
divided  state  ^5),  is  sufficient  to  determine  their  immediate 
com'bination.  Sudden  compression  of  the  gases,  when  mixed, 
produces  the  same  effect  from  the  heat  evolved,  whilst  a  still 
greater  amount  of  compression  if  it  be  gradually  applied,  even 
when  raised  till  it  is  equal  to  that  of  150  atmospheres,  fails  to 
produce  their  union. 

Cavendish,  in  his  inquiries  respecting  the  formation  of  water, 
effected  the  combination  of  the  two  gases  by  means  of  the  electric 
spark.  He  employed  for  this  purpose  a  strong  glass  vessel,  a 
moditication  of  which  is  represented  at  a,  fig.  280.  Through  the 
upper  part  two  platinum  wires  are  inserted  to  within  the  eighth 


Compound!  of 
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Componods  of 
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Componndt  of 
Triwb. 

Compoundi  of 
Tetrwto. 

Uydrochlorio 
Add. 

WaUr. 

Ammonift. 

MknhOu. 

Ha 

Hydrobromlo 
Add. 

H,e 

Bulphurett«4 

Ujrdrogen. 

1 *            > 

H,S 

SelenlDrettcd 
Hydrogen. 

H,N 

Phoaphuretted 
Hydrogen. 

H4© 

SllidnretUd 
Uydrugen. 

H^Si? 

HBr 

Bydrlodlo 
Add. 

HI 

H.P 

Artenluretted 
Hydrogen. 

H.Se 

Tellaretted 
Hydrogen. 

H,Aa 

Antlmonluretted 
Hydrogen. 

H,Te 

H.Sb 

In  the  fourth  column  the  oomponnda  enumerated  contain  four  atoms  of  hydrogen 
in  combination  with  another  (tetrad)  element  Among  the  metals,  platinum,  tin,  and 
a  few  other  rarer  elements  discharge  the  functions  of  four  atoms  of  hydrogen,  each 
atom  of  the  metal  forming  a  stable  compound  wit*-  '  ^s  of  chlorine. 
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t<f  aninch  of  each  other.     The  vessel  can  be  closed  at  the  Itottom 

liT  II  L'la^s  6topt;ix;]c,  c.     The  air  is  eshiiusteil,  ami   thu  vesRcl 

■       (i  upon  the  top  of  a  jar,  b,  containing  a  mixture  of  tvro 

i.iv.  i.rei of  hydrogen  and  one  men^ure  of  oxygen :  on  openiii«» 

the  ftopcoflid  u  i)ortion  of  the  mi.\tiire  enters  the  vessel ;  the 

cwkc  are  then  closed ;  and  an  electric  spark  pa.=i:^fd  tlin>iijrli  tho 

niiitiire.  hy  discliurgin.s  a  small  Leyden  jar,  d.  thron^rh  the  pla- 

•  -.  «,  h*     A  lirijrht  flash  is  seen  at  the  ni»iiifnf  »f  the 

iiid  the  {raises  eomljine,  fonning  steam,  which  hecoines 

coiniiiiMti  tin  the  sides  of  the  glass :  the  whole  of  tlie  two  gasea, 

il'  mixed   in   the    al)ovo  p^^  ^^^ 

pn>|i<irtiona,    enter    into 

c«>iDbinttt.ioa    with    each 

fitiiir.     On  again  open- 

iii::  the  ^tii|>f<>i-ks  a  fresh 

i|ii.iiitity  (<lrho  L''iiscs  may 

be  a<lmitted,   to   eupply 

the  place  of   those  just 

f'li'kiL-wl,  the  sjiark  may 

lie  Jtjfain  transmitted,  ajiil 

tie  [intcess  may  be  ro- 

pt»tc<l  till  the  whole  of 

the  pi*es  are  consumed, 

uid  a  i;i.insi«lerable  fiiiau- 
tJtr  i»f  water  fi»rme<l. 

ilie  nnlformity  of  com- 
lN*iti(m,  and  regularity 
of  proportion  in  which 
conjjNrinids  are  produced 
wlien  tiiey  combine  cho 
niically,  \h  strikingly  illu;*- 
lr«t»I  Ijy  means  of  a  niix- 
ttue  of  oxygen  and  hydro-  -i 
pen  gase*.  The  t  wo  gases 
piaj  l»e  mixed  in  any  arbitrary  proportion  in  a  suitable  vessel, 
into  tho  sides  of  which  two  platinum  wires  are  fused  for  the  pur- 

iwseof  transmitting  the  electric  spark.  If  the  mixture  be  capa- 
>le  of  exi>loding  at  all,  the  combination  will  l>e  fmmd  to  have 
occnrred  in  the  pri)]>ortion  of  two  measures  of  liydrogon  to  one 
measure  of  oxygen,  no  matter  in  what  proportion  the  gases 
were  mingled.  If  oxygen  te  used  in  excess,  the  superflnons 
ontren  will  be  found  remaining  uncorabined;  and  if  hyilmgen 
In*  iu  excess,  the  excess  of  hydrogen  will  be  left  unaltered  after 
tlie  transmission  of  the  spark. 

Ufmn  this  principle  a  valuable  instniment,  the  Eudiotneier, 
i«  CfiUstructed,  by  means  of  which  various  gaseous  mixtures  may 
!«  aiiulyse<l  with  great  exactness.  Many  ditierent  forms  of  this 
iJistnuucnt  are  in  use.     One  of  the  simplest  and  most  convenient 
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The  'ii'fpliarp?  from  the  Betondary  current  of  ft  RuhmVorft's  coil  majrin  all  such 
t»  Bdvunt.igeous]/  substituted  for  ihe  spnrk  or  the  Lejden  jar. 
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consists  of  a  stout  siphon  tube,  %.  281,  open  at  one  extremity  and 
closed  at  the  other.    Lito  the  sides  of  the  tube,  near  the  sealed 
end,  two  platinum  wires,  a,  h,  are  fused  for  the  purpose  of  tran»- 
mitting  an  electric  spark  through  the  cavity  of  the  tube.    The 
sealed  limb  is  accurately  graduated  to  hundredths  of  a  cubic  ind», 
or  other  suitable  divisions.     Suppose  it  be  desired  to  ascertain  the 
proportion  of  oxygen  in  atmospheric  air ;  the  instrument  is  first 
filled  with  mercury,  after  which  a  small  quantity  of  air  is  intro- 
duced :  the  bulk  of  this  air  is  accurately  measured,  taking  care 
that  the  liquid  metal  stands  at  the  same  level  in  both  tub^.    ^ 
(quantity  ot  pure  hydrogen  about  equal  in  bulk  to  the  air  is  next 
introduced,  and  the  bulk  of  the  mixture  is  again   accuratelV 
measured.     The  open  extremity  of  the  tube  is  now  closed  witl» 

the  finger,  below  which  fl^ 
column  of  atmospheric  aLr 
is    sateiy    included;    this 
portion  of  air  acts  as  » 
spring    which    gradually 
checks  the  explosive  force, 
-^en  the  combination  is 
effected  by  passing  a  spark 
across  the  tube  by  means 
of    the    platinum    wiree> 
The  mixture  is  then  ex- 
ploded by  the  dischai^ 
of  the  Leyden  jar.     The 
remaining  gas  now  occu- 
pios  a  smaller  volume,  owing  to  the  condensation  of  the  steam 
which  luis  been  fonned.     Mercury  is  therefore  again  poured  into 
till*  01)011  limb,  until  it  stands  at  tlie  same  level  in  both  tubes,  and 
tlic!  voluuie  of  the  gas  is  measured  a  third  time.     One-third  of 
tlu)  ri'duction  in  bulk  experienced  by  the  gas  will  represent  the 
«Mitiro  volume  of  oxygen  which  the  mixture  contained.     For 
iU!(!urate  experiments,  a  very  complete  though  expensive  form  of 
uudioiiicter  uiwn  this  principle  has  been  contrived  by  B^nault. 
{Ann.  <h  Chtmie,  III.  xxvi.  333.) 

Jf  a  mixture  of  oxygen  and  hydrogen  be  fired  in  the  air  in 
(Hini*i(l(>rHbIo  quantity,  as  when  a  bladder-full  is  ignited, — or,  what 
is  Htill  liottcr,  when  a  quantity  of  soapsuds  is  blown  up  into  a 
lutlior  by  forcing  some  of  the  gaseous  mixture  out  of  a  bladder 
through  a  ]>ii)o  under  the  liquid, — aloud  and  sharp  report  attends 
tho  coiuliiiiMtiun ;  the  steam  which  is  formed  suddenly  expands 
ft'oiu  tho  high  temperature  attendant  on  the  combustion,  and 
imuHMliutt'ly  afttirwards  becomes  condensed :  great  dilatation  is 
fiivit  |>i*»uhu'o<l,  followed  by  the  formation  of  a  partial  vacuum ;  the 
Burrouiuling  air  rushes  in  to  fiU  the  void,  and  by  the  colliision  of 
itH  partirKw  pWMlucos  the  report.  If  the  hydrogen  be  mixed  with 
air,  a  Mimilar  but  fot'blor  explosion  occurs  when  a  lighted  match 
is  applioil ;  hoiu'o  it  is  especially  necessary  in  all  experiments  with 
hyilrogou  ti»  »Ui>w  time  lor  the  expulsion  of  the  atmo!«j)heric  air 
from  the  apparatus  before  setting  fire  to  the  issuing  jet.     The 


in  is  most  \'i<)lrnt  when  2  measure;;  of  hydrogen  are  mixed 
i>f  air  :  if  the  mixture  he  ilihite<l  with  a  hirge  excess  either 
of  liyiirogen  or  of  air,  tlie  ex]iU>sion  hecomes  more  feehle ;  the 
at  ernlved  is  less  intense,  and  the  eomhustiou  less  sudden,  nntil 
1  certain  degree  of  dilution  no  expli>si<m  follows  tlie  iipiilieation 
Biiriie.  hut  the  mixture  hums  slowly ;  whili^t,  if  still  more  diluted^ 
it  take?  fire  onlv  just  at  tlie  sjwt  where  the  heat  is  applied,  bat 
the  piniliustion  does  not  spread  tlirouyh  the  mitsd. 

If  n  loni»  tnhe,  open  at  l)oth  endt^,  he  held  over  a  jet  of  burninj? 
kvdrcigcn,  a  ra])id  current  id  produced  tliroujjh  the  tube,  which 
oa'ajjuiis  a  flickering  in  the  name,  attended  by  u  serie.*  of  small 
explosions  that  succeed  each  other  so  rapidly  and  at  ench  regular 
iiitenals  as  to  give  rine  to  a  musical  n<ite,  tlie  pitch  and  quality 
of  Trhich  varie»>  with  the  length,  tliioknesss,  and  diajueter  of  the 
tulie. 

Pure  water  may  be  formed  in  considerable  qnantities  by  a 
I  ■  -l  dirtering  from  those  hitherto  describe<l ;  the  operation  at 
'i'  -line  time  furnishes  a  means  of  ascertaining  accurately  the 
relative  weights  of  oxygen  and  hydrogen  which  enter  into  the  com- 
position of  water.  It  consist*  in  transmitting  a  current  of  hydrogen 
over  »  weigheil  quantity  of  oxide  of  copper :  at  a  red  heat  hydrogen 
*5'rivet!  the  oxide  of  copper  of  its  oxygen,  and  forms  water;  by 
termining  the  weight  of  the  water  thus  produced,  and  the  loss 
"~^  i  by  the  oxide  of  cf>j>per,  the  proix>rtion  of  hydrogen  which 
hined  witlx  the  oxygen  can  be  ascertaineci.  The  appa- 
tWm  required  for  the  purpose  is  represented  in  fig.  282.      A 
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quantity  of  oxide  of  copper  is  placed  in  the  globe,  f,  which  ia 
constructed  of  glass  of  ditHeult  fnsibiUty,  and  the  globe  and  its 
O'julents  are  then  accurately  weighed.  A  current  of  hydrogen, 
prepared  from  zinc  and  sidphuric  acid  in  the  bottle,  a,  is  allowed 
fmhhle  up  through  a  solution  of  hydrate  of  potash,  n,  and  to 
terse  tliree  bent  tul)es  in  succession  ;  the  first,  c,  is  filled  with 
lents  of  pumice-stone  moistened  with  a  solution  of  corrosive 
limate  (HgCl,) ;  the  second,  d,  contains  fragments  of  fused 
pr-Uc  pota.sh  ;  and  the  third,  e,  is  charged  with  pniniee  moistened 
li  oil  of  \itriol.  The  merenrial  salt  and  the  potjisii  remove  the 
BOS  of  arsenic,  sulphjjr,  and  cBrhuretted  compounds,  which  the 
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f;as  niifflit  otherwise  carry  ns'i^f,  and  the  nil  nf  vitriol  ahsorhi*  tt 
iu?t  tract'n  of  inoistiive.  FeiiV'ctl y  jmre  ami  *lry  hydrogen  pv*  is  thiH  1 
delivered  in  the  globe,  f.  When  ail  the  air  is  coiiipliitcl y  displaced, 
hent  is  applied  to  the  >;hil>e;  the  oxide  of  eopi)er  triv<?s  np  its, 
oxygen;  water  is  formed,  and  becomes  condensea  in  the  reoejver,] 
o,  as  well  as  in  the  attached  bent  tnlie,  if,  which  is  tilled  with! 
fragments  of  pumice  moistened  with  oil  of  vitriol ;  the  whole  of  the] 
water  formed  is  by  this  means  arrested,  i  is  a  bulb  tube  eontJiin- 
ing  a  little  oil  of  vitriol,  which  prevent*  the  entrance  of  extrimeoujj 
moisture,  and  by  it,s  motion  shows  the  progress  of  the  gjis,  Wheal 
the  globe,  f,  is  cold,  the  hydrogen  is  displaced  by  a  current  of  air,  1 
and  on  weighing  the  globe  with  the  oxide  after  the  exporimcntj 
has  terminated,  the  loss  gives  the  quantity  of  oxygen  which  has] 
combined  with  the  hydrogen  ;  whilst  tlie  ditierence  between  thai 
amount  of  oxygen  and  tiiat  of  the  water  con<lensed  in  the  rec?iver»| 
o,  and  tube  ol  acid,  h,  shows  the  quantity  of  hydrogen  that  liasi 
combineil  with  it.  Two  grains  of  hydrogen  are  in  this  manner] 
proved  to  require  exactly  111  grains  ol  oxygon  for  their  conversion  I 
into  water.     (Dumas,  Annai.  d<i  Cfiimie,  111,  viii,  189,)  1 

Many  other  metallic  oxides  besides  oxide  of  copper,  when  heated  I 
in  a  current  of  hydrogen,  part  with  their  oxygen,  and  are  brought! 
back  to  the  metallic  condition.  If  the  t>ulb  l>e  weighed  first  when] 
empty,  then  when  charged  \\'ith  oxide,  and  a  third  time  after  the 
stream  of  gas  has  been  continued  till  all  formation  of  wiitcr  cefisesJ 
and  till  the  tul>e  has  become  coo],  the  loss  of  weight  susliiiued  bjrj 
the  oxide  furnislies  the  proportion  of  oxygen  coud»ined  with  the] 
metal.  A  true  and  very  accurate  analysis  of  the  oxitle  will  thuaj 
have  been  effected:  79"5  parts  of  oxide  of  copper  arc  found  in  J 
tliis  way  to  contain  03'5  ot  co])per  and  16  of  oxygon.  | 

(347)  Hydrogen  in  the  act  of  combining  with  ox^'gen  emits  oj 
very  intense  heat.     By  throwing  a  jet  of  oxygon  into  a  flame  of 
coal-g.<is  or  of  hydrogen,  or  still  better  by  introducing  a  jet  of  j 
o.xygeu,  as  at  o,  fig.  283,  into  the  centre  of  a  j<?t  connected  at  n 

with  a  gii*-holder  supplying  liydn)-j 
ffen,  BO  that   the   two   gases  may 
become    mixed    jnst    betbro    thuyj 
isbue  IVom  the  oonimon  orifice  of  i 
the  tul)e  a,  a  heat  may  bo  obtain- 1 
ed    which    can    scarcely    be    sur* 
passed  by  cheiuictd  mean>*.     Some- 1 
time*    the    two    gsisos    arc   mixed] 
in  the  ])roportion  of  2  vohnnos  of 
hydrogi'n   t<i  1   volume  of  oxygon,! 
I     J^^*^^  I  J  and  introduced  into  n  bhiddcr  and] 

■  Bwi  yjl  barne<l  us    tlioy  issue    through    a 

A  jH^^^sjID^^^^   tube    of    particular     constmetion^j 
"    known    as   Ilcmming's   safety  jot. 
It  consists  of  a  brass  tube,  nboui  dj 
inches  Imig  and   two-thirds  «if  ao[ 
indi  in  diameter,  filled  witli  pieceij 
I'ery  fine  brasa  wire,  which  ore  packod  closely  lugolher,  ano  thenj 
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vfii^tl  in  very  tlijlitly  l)y  driving  a  stout  conical  piece  of  wire  intc  ■ 
\ke  iLxis  of  the  tnhe  (492),  Tliis  tubo  k  snjipliefi  Ht  one  extremity 
witk  a  lilowjvipe  jet.  ami  at  flie  other  with  a  Bcrtw  which  can  be 
connected  \vitii  &  s^topeiwk  adjusted  tti  the  neck  of  the  I  tladder.  The 
temfieratnre  pnidueed  bj  burning  the  mixed  gnses  froia  such  ft  jet  it 
so  intense  that  thick  platinutii  wire  is  meltecl  by  it  with  ease,  and 
impartially  volatilized;  iron  and  steel  are  melted,  and  bum  with 
vitid  Bcintillatiooa.  lloek  eryutal  may  be  Hcpietied,  and  drawn 
oitt  iuto  threads  Uke  ^lass,  an^  the  stem  of  a  tubaf-eo  pipe  may  be 
fatfi  into  an  enamel^ike  bead.  When  the  usyliydrogen  fum^ 
wliieli  k  but  very  feebly  luminous,  is  directed  upon  a  small  qrlin- 
d<?roflime,  J,  this  earth  does  not  fuse,  but  it  beeomefl  white  hot, 
ainl  tlien  emits  a  very  pure  white  light  of  groat  t(toadinesB  ana 
intetisity,  which  raay  be  maintained  tor  hours,  if  caro  be  taken  to 
Ksptiise  to  the  flame  fi'esh  surfaces  of  the  lime  by  uaiminff  it  to 
revoke,  continually  but  very  slowly,  by  means  of  dodcwork. 
Tliis  dlrjeet  may  be  obtained  less  perfectly  by  occas^ioually  taming 
tfiti  [liji,  (•,  which  supports  the  lime,  \\^ithout  this  precaution  a 
cavity  TTonld  be  fonned  opposite  to  the  jet,  from  volatilization  of 
a  sirifill  quantity  of  the  lirao.  This  lif^l'it  was  ori^iusdly  proposed 
hj  Ineut.  Dnimmoiid,  to  be  used  in  the  triji^ononietricw  survey  of 
Great  Britain,  and  it  is  astonishing  at  wliat  distiiQCOS  it  may  be 
Been  when  the  rays  are  coneentrated  by  a  parabolic  reflector.  On 
tbe^lst  December,  1845,  it  was  Been  aerose  the  Irish  Channel,  at 
lialt'-jiost  3  P.M.  (during  daylight)  from  the  top  of  Slieve  Donard, 
in  Irulan^L  by  an  observer  (Stationed  at  the  top  of  Snowdon, — an 
intenral  oi  103  miles  in  a  direct  line ;  and  it  has  more  than  once 
Wn  seen  at  a  distance  of  112  miles. 

Water  is  formed  abundantly  whenever  combustible  bodies 
which  contain  hydrogen  are  burned  with  a  free  supply  of  air. 
Wood,  tallow,  oil,  wax,  alcohol,  coal-gas,  and  most  of  our  ordinary 
combustibles  which  bum  with  flame,  in  this  manner  furnish  con- 
siderable qxianlities  of  water  in  the  act  of  burning. 

A  striking  experiment  may  be  performed  with  nydrogen,  which 
shows  bow  purely  conventional  are  the  terms  '  combustibles '  and 
'sn^porters  of  combustion.'  Let  a  taU  bottle  with  a  narrow  neck 
be  tilled  with  hydrogen  gas ;  through  a  cork  which  passes  easily 
into  the  neck  of  the  bottle  fit  a  jet  connected  with  a  gas-holder 
containing  oxygen ;  place  the  bottle  mouth  downwards  and  set  fire 
to  the  hydrogen,  then  immediately  insert  the  cork  and  jet,  through 
which  a  stream  of  oxygen  is  gently  issuing.  The  flame  will 
appear  to  attach  itself  to  the  oxygen  tube,  and  the  jet  of  oxygen 
will  be  burning  .in  an  atmosphere  of  hydrogen.  Combustion,  in 
feet,  occurs  at  the  place  where  the  two  gases  first  come  into  con- 
tact. Suppose,  for  a  moment,  that  the  earth's  atmosphere  had 
contained  nydrogen  instead  'of  oxygen ;  oxygen  would  have 
appeared  to  us  iu  the  light  of  a  combustible  gas,  and  hydrogen  in 
that  of  a  supporter  of  combustion. 


48  CAXBOS. 

CHAPTER  IV. 

CABBOX — CAKBOXIC   ACID — CASBOXIC    OXIDX. 

§  I.  Cabboxic  Axuydbidb  or  Casboxtc  Acid.    €0,  =  44. 

Atomic  and  M»yl.«eular  V(HurMy^''\\  w  CO,  =  22;  O^mrved 

Sp.  Gr.  1-529 ;  TkeoKtlelip.  Gr.,  1-5203. 

(34S'>  Ax  atmosphere  composed  only  of  oxrgen,  nitrcwen,  and 
steam,  tlioujrh  perteetlv  adapted  to  tl»e  s npport  of  animal  lite,  would 
be  unlit  tu  sustain  vegetation.  Plants  require  for  their  growtli 
and  develupment  a  certain  portion  of  another  gas — carbonic  anhy- 
dride. E\-idence  of  the  existence  of  this  Inxiy  in  the  air  (342)  is 
easily  obtained  by  exposing  a  saucer  of  lime-water  to  the  atmos- 
phere :  in  a  few  minutes  its  surface  becomes  covered  with  a  thin 
pellicle,  which  if  disturbed  by  agitation  sinks  to  the  bottom.  The 
pellicle  is  renewed  after  each  agitation  until  the  whole  of  the  lime 
contained  in  the  liouid  has  been  thus  rendered  insoluble.  This 
white  matter  is  chalk,  which  is  formed  by  the  union  of  carbonic 
anhydride  and  lime.  Such  compounds  of  carbonic  anhydride  wiA 
bases  are  termed  carbonatfi,  hence  chalk  is  chemically  termed 
carfxmate  of  lime  or  carbonate  of  calcium.  When  tlie  chalk  thns 
obtained  is  heated  to  bright  retlness  (which,  if  the  result  is  to  be 
accurately  examined,  must  be  effected  in  a  platinum  tube),  car- 
lx)nic  anhydride  is  expelled  as  a  colourless  and  transparent  gas, 
while  pure  quick-lime  is  left  behind. 

Preparation. — In  actual  practice,  carbonic  anhydride  is  ob- 
tained by  a  much  more  con^'enient  plan.  The  carbonic  being 
but  a  feeble  acid,  it  is  expelled  from  its  compounds  by  almost 
ever}'  other  acid  which  is  fl-eely  soluble  in  water ;  it  is  therefore 
easily  separated  from  its  salts  by  the  addition  of  one  of  these 
acids.  Fragments  of  chalk,  or  marble,  which  is  a  more  compact 
form  of  carlxniate  of  calcium,  are  placed  in  a  retort  or  gas-bottle, 
and  some  powerful  acid,  sueli  as  the  nitric  or  the  hymwshloric, 
diluted  with  8  or  10  times  its  bulk  of  water,  is  poured  upon  the 
chalk,  when  the  acid  radicle  exchanges  its  hydrogen  for  the  cal- 
cium and  produces  carlK)nic  acid  (H,€0,),  which  immediately 
breaks  up  into  water  and  gaseous  carbonic  anhydride,  and  this  last 
escapes  with  a  brisk  effervescence.  The  following  equation  shows 
the  nature  of  this  decomposition  when  chalk  and  hydrochloric  acid 
are  employed : — 

eaee.  -i-  2  hoi  =  eaci,  +  H.e  -h  ee„ 

or  CaO,  CO,  +  HCl  =  CaCl  +  HO  +  CO.. 

Limestone,  Iceland  spar,  oyster-shells,  pearlash,  and  carbonate 
of  sodimn,  all  yield  carbonic  anhydride  when  acted  on  by  a  strong 
acid. 

Properties. — Under  the  ordinary  pressure  of  the  atmosphere 
carbonic  anhydride  is  a  colourless,  transparent  gas,  with  a  faintly 
acidulous  smell  and  taste ;  but  when  generated  m  a  confined  space 
in  strong  vessels  it  becomes  condensed  to  a  liquid  as  transparent 
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iiMi.miiL^*^  lis  water,  which,  accordmi;  to  .Hognault,  boils  at 
— I(il>'.    At  ;32°  F.  it  requires  u  jiressiire  oi  :iSo  atiiuwplicrea  to  re- 
t»i(i  it  in  the  li<pii(.l  statt^  (Fara<hiy).     It  tiieti  has  a  spwitic  f^ravity 
(if  rKS,"!,  wliiL-At  at  S^'i^  thu  specitic  gravity  is.  only  0-»;o.     If  the»»3 
(Jsti  1)0  C'irrect,  the-  hquid  expatiUti  !iy  the  appii^-ation  of  heat  four 
time?  mure  rapidl}'  than  uir  (Tliiiorier) ;  ijut  uctiordinii;  to  Aiulrt't-if 
{LM/s  Ann.   ex.    10)  the  expansion  of  the  liquiti,  ahhoiigh 
iirt'iiter  than  that  of  the  gas.  lu  not  s<j  great  as  Tliilorier  state-*. 
Aijiireetf  founU  the  dcn.sity  nf  the  Uiiiiid  0-947  at  32° ;  0-893  at 
M';0>)G  at  •JO'"-';  ami  0"779  at  1S\     Liquetied  carbonic  anhy- 
drifk  <l'»es  not  mix  freely  with  water,  or  with  the  fi.\e<l  oila  ;  but 
-olved  in  all  proportit.ms  by  alcohol,  ether,  oil  of  turjientine, 
;:i,   and  bitinlphide   of  carbon.      When  a  stream   of  the 
liquelicd  bo<Iy  is  allowed  to  escape  into  the  air,  it  freezes  into  a 
snow-white  solid  (196) :  and  if  a  tulxj  containing  liquid  carbonic 
anhydride  be  plunged  into  a  bath  of  tlie  solid  anhydride  mixed 
ffitli  ether,  and  placed  in  the  vacuum  of  the  air-pump,  the  liquid 
in  the  tube  will  speedily  be  frozen  into  a  clear,  transparent,  ice- 
like uiikss,  which  melts  at  — 70"     The  8olidifie<l  anhydride  i? 
heavier  than  the  liquid  portion  in  which  it  ia  being  formed. 

Gaseous  carbonic  anhydride  ia  not  inflammaide,  neither  will 
it  support  the  dame  of  burning  lx)die8 :  the  extinction  of  a  taper 
i»  one  of  the  means  frequently  resorted  to  for  detecting  its 
presence.  Many  other  gases,  however,  have  the  some  property ; 
some  adtlitional  test,  therefore,  becomes  necessary.  Such  a  test 
is  afforded  by  its  action  upon  lime-water,  which,  when  agitated 
with  the  gas,  is  inuuediately  rendered  milky  from  the  formatioi» 
of  chalk ;  a  few  drops  of  any  strong  acid  dissolve  the  chalk  and 
restore  transparency  to  the  liquid ;  an  excess  of  even  carbonic 
acid  has  the  same  elfect. 

CarlHinic  aidiydride  in  its  concentrate<l  form  is  irrespirable,  for 
by  producing  sija-ni  uf  the  glottis  it  is  prevented  from  entering  the 
Iiuigs ;  when  dilnte<l  with  air,  how- 
ever, if  may  be  l>reathed  withont 
eveu  a  nu^pieion  of  its  presence. 
If  rlie  proportii)n  exceed  3  or 
4  per  cent.  i>f  the  air  it  acts  a& 
a  uarcotic  poison ;  and  even  in 
much  smaller    quantities  its   de- 

Kiasing  etlects  are  very  injnrioua. 
e  ill  cHV^<!to  exiterienced  in  crowd- 
ed and  ill-ventilated  r(x>m9  are 
partly  due  to  tlie  presence  of 
tiiis  ^i\=,  in  undue  quantity,*  but 
partially  also  to  the  accumulation 
of  volatile  j)utreacible  organic 
partic'le-i  given  off  from  the  surface 
<if  the  lungs  and  skin.      It  is  the 

•  Tlie  TDiximnin  observed  by  Roscoo  in  his  experiments  on  the  atmosphere  or 
liirRlliiis-houavB,  was  0'33  per  cent,  and  this  occurred  in  a  crowded  Boliool-room. — 
(9'  /  £%<>«.  Soe.  X.  263.) 
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combination  of  these  circumstances  which  renders  attenti<»n  to 
ventilation  a  matter  of  Buch  high  importance. 

Gaseous  carbonic  anhydride  is  more  than  half  as  heavy  again  as 
atmospheric  air ;  100  cubic  inches  of  it  at  00°  F.  and  30  inches  Bar. 
wcifjli  47*303  grains ;  from  its  density  it  may  easily  be  colltcted 
in  (Iry  vessels  by  displacement,  in  the  manner  represented  in  fig. 
2y4,  and  may  be  ix>ured  from  one  vessel  into  another  like  water. 

No  definite  liydrated  carbonic  acid  is  known ;  tlie  anhydrid& 
Ixith  in  the  form  of  gas  and  in  its  denser  conditions  of  liquid  and 
soH<l,  l>eing,  as  its  name  indicates,  free  from  water ;  but  it  appears 
convertible  into  a  true  acid  by  solution  in  water  ©O,  +  Kfi 
yielding  H,€?0,.  At  the  ordinary  temperatxire,  the  gas  is  soluble 
In  about  its  own  bulk  of  water ;  and  its  solubility  increases  if  tite 
pressure  be  increasetl ;  *  but  when  the  compression  is  suddenljf 
removed,  the  gas  escapes  with  brisk  effervescence.  Advantage  M 
taken  of  this  circumstance  in  the  prepanvtion  of  sodor-water^  u 
it  is  called.  For  this  purpose  the  water,  which  may  or  mav  not 
contain  soda  or  other  6u1>stances  in  solution,  is  mechanically 
charged  with  a  large  quantity  of  carbonic  acid,  by  the  use  of  a 
condensing  syringe,  attached  to  a  reservoir  filled  with  the  ga& 
The  excess  of  the  gas  thus  forced  into  the  liquid  occasions  the 
agreeable  briskness  and  pungency  so  much  prized  in  this  bev- 
erage. 

A  solution  of  carbonic  acid  in  water  reddens  tincture  of  litmuB; 
but  the  red  colour  disappears  if  tlie  liquor  be  boiled  for  a  few 
minutes,  owing  to  the  expulsion  of  the  gas.  The  aqueous  solu- 
tion of  the  acid  possesses  solvent  powers  w^hich,  though  in  manj 
instances  extremely  feeble,  are  yet  far  more  extensive  than  thoat 
of  pure  water.  By  the  continuous  action  of  water  charged  wit! 
carbonic  acid,  even  granite  and  the  hardest  rocks  are  dismtegrat 
ed,  ^<i\\'  finely  divided  minerals  being  able  to  resist  its  gradua 
and  long  continue*!  action.  The  proportion  of  gas  dissolved  is  ir 
many  instances  very  inimitc^  but  as  few  natural  sources  of  watei 
exit-t  which  are  not"  to  a  greater  or  less  extent  imiiregnated  witi 
carbonic  acid,  either  by  absorption  from  the  atmosphere  or  froii 
the  soil,  the  solution,  insiguiticunt  as  it  may  at  first  sight  appear,  if 
continually  ])roci.'cdiiig,  and  in  the  lai)se  of  time  it  etiects  changet 
of  great  imytortance  and  extent. 

The  briskness  of  spring  water,  and  the  preference  given  to  r 
as  a  beverage,  is  partly  occasional  by  the  carbonic  acid  which  i' 
contains ;  tliough  its  usual  c(.n>lness  and  the  a1)nndance  of  atmo 
!?]»lu;ric  air  dissolved  in  it  are  still  more  imjKirtant.  It  is  tin 
absence  of  these  qualities  which  rendei-s  boiled  or  distilled  watei 
fiat  and  insipid. 

Carbonic  acid  was  originally  termed  ^.r«7  a//*,  from  the  circum 
stance  of  its  having  been  discovered  by  l^r.  Black,  in  1757,  as  i 
«)lid  or  fixed  constituent  in  limestone,  and  from  its  becominj 
fixed  or  absorbed  by  solutions  of  the  pure  alkalies. 

•  If  the  gas  be  simply  transmitted  through  the  water,  the  liquid  eeldoni  takes  n; 
more  tJian  two-thirds  of  its  bull:. 
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(319)  TSTatural  Sources  qf  Carbonic  Acid. — ^Besides  the  pro* 
vmen  for  prpcurin^  the  gas  already  described,  there  are  a  variety 
(of  cases  in  which  it  is  prodaced  on  a  very  large  scale  in  nature. 

1. — Beepiration  in  man  and  animals  is  always  attended  with 
i  tibe  ftrmation  of  a  large  proportion  of  the  gas.  This  fact  may 
be  easily  proved  by  forcing  air  Scova  the  lun^  by  means  of  a 
tabe  through  lime-water,  which  will  speedily  become  milky  from 
t&e  deposition  of  carbonate  of  calcinm.  The  proportion  of  car- 
bonie  anhydride,  in  respired  air  varies'  from  8  to  4  per  cent.,  being 

wully  aliioat.SjJr  P^  ^^^ 

i— Carbonic  acid  is  also  abundantly  formed  in  the  process  of 
ftnnentation,  and  is  the  canse  of  the  biiskness  in  bottled  beer, 
dimpagne,  and  other  fermenting  liquors.  Many  accidents  have 
ueDtred  m>m  persons  incautiously  descending  into  an  empty 
famenting  vat  Wore  the  gas  has  had  time  to  escape  and  mix 
iitfa  the  air :  it  is  usual  to  facilitate  the  escape  of  the  dense  gas 
%  leaving  the  plug  at  the  bottom  of  the  vessel  open  for  some 
hoan. 

3.— In  the  operation  of  burning  lime  in  the  lime-kiln,  the 
belt  expels  from  the  limestone  the  carbonic  anhydride,  which 
em^  in  large  volumes.  Many  a  poor,  houseless  wanderer, 
tempted  by  the  warmth  of  the  kiln,  has  lain  down  in  the  stream 
of  air  proceeding  fipm  it,  and  has  slept  to  wake  no  more.  By 
An  operation  oiBubterranean  heat  in  volcanic  districts  upon  lime- 
rtone  beneath  the  surface,  large  volumes  of  carbonic  anhydride  are 
eonlinually  finding  their  way  into  the  atmosphere ;  immense  quan- 
tities are  discharged  from  open  craters  or  from  fissures  and  cavi- 
ties in  the  soil ;  the  springs  in  such  districts  are  also  frequently 
highly  charged  witli  it,  ana  the  gas  escapes  with  effervescence  when 
tbey  reach  the  surface.  The  springs  of  Seltzer,  Pynnont,  and 
Harienbad,  on  the  Continent,  and  of  Tunbridge,  in  onr  own 
country,  exhibit  this  phenomenon. 

4.-^The  carbonic  acid  met  with  in  spring  water  is  in  many 
instances  derived  from  the  gradual  oxidation  of  the  vogeta])le  and 
other  organic  matter  which  it  holds  in  solution,  by  the  action  of 
the  oxygen  of  the  air  which  all  watei-s  naturally  contain.  The  lake 
waters  from  the  primitive  districts,  such  as  those  in  the  northern 
parts  of  Scotland,  leave  scarcely  any  residue  on  evaporation  except 
a  little  organic  matter  ;  they  are  very  free  from  carbonic  acid,  and 
the  bulk  of  oxygen  which  they  hold  in  solution  is  somewliat  more 
than  one-half  that  of  the  nitrogen.  If  such  waters  he  kept  in 
closed  vessels  for  a  few  weeks  in  a  warm  room,  the  oxygen  gradn- 
ally  decreases,  and  in  its  place  a  correy)oiidin<5  volume  of  carbonic 
acid  is  found.  The  pure  water  of  Loch  Katrine,  for  example, 
when  first  collected  did  not  j-ield  more  than  0*06  cubic  inches  of 
carbonic  anhydride  per  gallon  ;  but  the  quantity  of  this  gas  which 
the  same  sample  yielded  after  it  had  been  kept  in  a  closed 
▼essel  for  some  weeks,  in  a  wann  room,  rose  to  0"38  cubic  inches 
ia  the  gallon,  wliilst  the  oxygen  had  diminished  to  similar  extent. 
Spring  waters  which  rise  in  a  sandy  district,  the  surfiuje  of  which 
is  sparingly  clothed  with   vegetation,  and  from  which  conse- 
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quentlv  they  can  take  up  bnt  little  organic  matter,  contain 
^•luall  quantities,  often  mere  traces,  of  carbonic  acid  ;  whilst 
Bi^rings  of  higlily  cultivated  districts,  such  ag  those  which  i 
more  or  less  tiirectly  upon  the  chalk,  become  charged  with  oiva 
matter,  which  gnuhially  undergoes  oxidation  in  tTie  soil,  and 
quantity  of  carbonic  acid  contained  in  such  waters  is  always  ( 
siderabie,  whikt  the  (juantity  of  oxygen  which  they  hold  in  soil 
tion  is  proport innately  reduced.*    Tlie  extent  to  which  this  clianj 
tidies  place  in  river  water  is  very  remarkable.     It  is  well  exliibii 
in  t!ie  case  of  the  Thames.     On  one  occasion,  some  samples 
taken  from  the  river  at  low  water  at  difi'erent  points  on  the 
day.  in  August,  1S59  ;  those  eullected  above  the.metrojxilis  bei 
nearly  fi'ee  from  contauiimition  with  seweriige  products,  M'f 
those  obtained  lower  <lown   were  extensively  iini)rcgnated 
them.     Tlie  gases  were  expelled  fnuu  each  sample  by  Ixa 
within  twenty-four  hours  from  the  time  of  its  collection,  and 

•  The  analjBifl  of  these  pnses  or  of  any  miiture  of  air  with  cnrboni '  -"-« 

Bucb,  for  example,  ns  rs^njjircd  air,  ninv  ^e  effected  with  sullicient  accii: 
purpopeB  in  the  followinjc  manner: — Supposing  thnt  the  gas  hod  been  lv 
either  water  or  mercury,  it  becomes  necessary  to  truusfer  a  portion  of  it  from  liwjj 
in  which  it  has  been  collected  to  the  one  in  which  it  is  to  be  analysed.  A  m«lJ 
eOectiugr  this  is  shown  in  flj;.  285.  U|]OU  the  board,  a  d,  ia  fastened  a:~ 
designed  for  effecting  this  trnniifer  ;  o  is  a  oylindrieal  funnel  of  a  capocitr  I 
two  cubic  inches  ;  at  «  is  a  small  steel  stopcock,  or  a  piece  of  vulcanised  cao 
tubinf^  coinprtHsed  by  n  screw,  which  is  ttiniplcr  and  Iobs  expensive;  by  either i 
these  contrivances  the  contents  of  the  funnel  can  be  admitted  to  a  nide  thcrmotae 
tube,  which  is  furnished  at  d  vdth  a  second  steel  stopcock  or  caoutchouc  tube  I 
Screw  clamp :  b  is  a  bulb  of  the  ca]iiicity  of  oue  cubic  inch,  or  rather  less ;  from  ' 
upper  part  of  b  proceeds  ai.other  piece  of  thcnuoiueter-tube,  bent  as  shown  iu  the! 
ure,  to  allow  of  its  iiitrodiictiun  into  the  gos-jar.  To  uso  the  instrument  f 
funnel,  a.  if  filled  with  mercury,  the  stopcocks  are  both  opened,  and  ns  soon  ostba 
bm<  been  displnceil  fn>m  the  verlicol  portion  of  the  fine  luhe,  and  mercury  ea 
through  li,  the  stoficock,  d,  is  closed ;  the  mercury  quiclcly  displaces  the  air  from  i 
rest  of  the  inbo,  and  from  the  bulb  b,  and  as  soon  as  it  begins  to  flow  out  at  the  ( 
extremity  of  the  recurved  portion,  the  stopcock,  c,  is  closed.  The  instniment 
now  full  of  mercury  is  i'ltroduced  into  the  jar,  «,  of  the  gas  to  be  transferreil,  aod 
open  extremity  is  raised  above  the  level  of  the  water  in  the  jar,  «■;  the  stop 
is  then  opened,  and  whiL-it  the  mercury  runs  out  into  a  vessel  placed  forita  recepll 
the  una  enters  fipoin  e,  and  cjceiipies'  the  place  of  the  mercury  in  the  bulb,  b.  Wli 
a  sui9cieut  quantity  bus  been  admitted,  the  tulje  is  depressed  below  the  levi-l  of  i 
water  in  the  jar.  e;  the  stopcock,  d,  is  closed,  and  the  pipette,  which  is  sealed  byj 
admiasioD  of  a  little  water  into  the  capillary  tube,  is  withdrawn  ftt)m  the  j* 
The  gas  can  now  be  trausferred  to  the  graduated  tube,  h,  standing  in  the  jar  of  me 
ouiy,  g;  the  bent  limb  of  the  piiJetto  is  itilroduced  into  the  tube,  h,  which  has  beea 
proviooaly  filled  with  riieroiry.  Prosli  mercury  is  poured  into  the  funnel,  a.  of  thv 
pipette,  and  on  opening  the  stopcock,  c,  the  gns  is  expelled  into  the  tube,  h  ;  the  gu 
should  not  occupy  more  than  two-thirds  of  the  cnpuuity  of  this  tube. 

The  proportions  of  carbonic  anhydride,  of  nitrogen,  and  of  oxygen  are  noweuU/ 
ascertained  in  the  following  manuer: — The  bulk  of  the  gas  in  tube,  A,  is  to  be  air»> 
ftiUy  read  off,  care  being  taken  to  bring  the  mercury  to  the  same  level  within  and 
without  the  tube ;  the  temperature  and  the  pressuro  being  observed  as  usual.  Sup- 
posing that  it  has  thus  bueit  asctTtuined  that  a  bulk  of  gas  of  about  two-third';  of  a 
cubic  inch  is  to  be  .subjected  to  the  analysis,  the  operator,  by  means  of  a  gloss 
syringe,  tlirows  up  ten  or  twelve  drops  of  a  .solution  of  caustic  potash  (ap.  gr.  I'l) 
into  the  tuln?.  The  glans  syringe  may  be  extemporaneously  prepared  from  a  strong 
tube  which  is  softened  in  the  Hauio  of  a  lamp,  drawn  off  and  recurved  at  one  end,  •■ 
ahowD  in  the  figure  at  i;  this  constitute'*  the  body  of  the  syringe,  whilst  the  piatlXt 
la  easily  formed  of  a  piece  of  glass  rod,  provided  with  a  plug  of  caoutchouc. 

The  operntor  then  agitates  the  contents  of  the  tulj*  by  rapidly  thrustiug  down  tha 
tubv  islo  the  mercury,  imd  withdrawing  it,  taking  care  to  keep  the  mouth  below  thi 


J 


EOVKfES   or   CAItBOSIC   ASHTDRIDE. 


53 


It5  obtained  are  giveu  in  the  tolK>\ving  table,  in  which  they 
contrasted  witli  the  proportions  of  each  gjis  furnished  by  a 
Fitimilar  experiment  npon  a  eainple  of  river  "water  taken  above 
[TedJingtoQ  Lock,  where  it  was  in  a  piu-e  condition. 
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nr&cB  or  the  morK.Mirr:  this  mnnoBiivre  ia  scvomJ  timea  repeated  in  quick  succor- 
Bon ;  the  tubt-  is  iijruiu  left  at  rest  for  a  minute  or  two,  and  tlie  &b«orption  is  noted 
.  itf  A  B<3co&d  tiiu«  n-.-i<liii>r  otl'  the  volume  of  the  gas  at  the  proper  IcveL   The  differeoce 
'  "        [  the  ojuoant  of  carbonic  aah^dride. 

Fia.  286. 


In  oHisT  to  Bucertoin  the  proportion  of  oxygon  In  the  reDiainder,  the  plan  nscom- 

■n  '    ^  ■      '     '  '  '     t : — A  Holiitioo  of  1  part  of  |iyrc)j(allio  aciil  in  8  of 

TBI!  Irops  of  the  solution  in  by  a/res/i  ?yriin;e  itijcct&d  into 

»t»  riskly  agitated  as  lK>foro;  the  solution  of  potash,  if 

I  intense  tiistro  colour,  and  the  oxygen  ia  quickly  and 
->  iueai)ur«>d  a  third  time,  and  the  residue  ia  estimuted 
u  i.iUo>;L'u  ,  I.  iMiiween  the  BCtxind  and  third  re^tdings  i<ivini;  thi>  volume 

rf  nxjgea.    A  -  ( ity  of  carbonic  oxide  amounting  to  between  2  and  3  per 

i*u.nr  the  vi)lunii.'oi  uie  oxygen  iflalnraya  formed  in  tbia  operation. — (Grace  Colyert  ■, 
Bei>a«ir,^uli.j 
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From  these  experiments  it  will  be  seen  that  the  water  from 
Kingston  (above  Teddington)  is  thoroughly  aerated,  and  contains 
oxygen  in  tlie  proper  proportion  to  the  nitrogen,  which  when  in 
solution  is  as  1  to  2.  At  Hammersmith,  tlie  effect  of  the  or^mic 
impurities  in  abstracting  the  oxygen  begins  to  be  evident,  it  is 
much  more  marked  at  Somerset  House,  whilst  at  Greenwich, 
where  the  condition  of  the  river  at  low  water  is  abont  at  the 
worst,  the  oxygen  has  nearly  disappeared.  At  Woolwich,  it  is 
nearly  as  bad,  but  by  the  time  Eritn  is  reached  a  great  improve- 
ment is  perceptible.  Had  the  experiments  been  continued  still 
lower  down  the  river,  the  proportion  of  oxygen  would  have  con- 
tinued to  increase,  owing  to  tlie  admixture  of  aerated  sea-water 
and  the  absorption  of  oxygen  due  to  the  successive  exposure  of 
the  water  to  the  air  in  its.  onward  flow. 

5. — Carbonic  anhydride  constitutes  what  is  termed  choke-damp 
by  miners,  and  it  often  occasions  much  loi?s  of  life  after  the  occur- 
rence of  an  explosion  of  carburetted  hydrogen,  or  fire-damp.  It 
frequently  also  accumulates  in  the  old  workings  of  mines,  and  in 
pits  or  wells.  Before  descending  into  them,  it  is  usual  to  lower  a 
lighted  candle  in  order  to  ascertain  whether  the  light  will  bum ; 
if  it  docs  so,  it  is  generally  considered  safe  to  venture  down. 
Instances,  however,  are  on  record  in  which  a  candle  was  found 
burning  in  an  atmosphere  which,  nothwithstanding,  contained 
suflicient  carbonic  anhydride  to  cause  death.  When  it  is  neces- 
sary to  enter  into  an  atmosphere  considerably  charged  with  this 
fas,  Graham  suggests  as  a  precaution  that  the  moutn  and  nostrils 
e  covered  vA\Sx  a  cloth  containing  a  mixture  of  slaked  lime  and 
cryi<tallized  sulphate  of  sodium.  Such  a  mixture  is  porous  enough, 
in  a  luyer  of  an  inch  thick,  to  allow  the  passage  of  suflScient  air 
for  rcs])iration,  whilst  the  moist  lime  completely  absorbs  the  car- 
bonic anhydride. 

6. — There  is  also  another  mode  in  which  carbonic  anhydride 
is  very  largely  fonned,  which,  independently  of  its  importance  as 
a  source  of  the  gas,  is  interesting  as  throwing  light  upon  its 
chemical  nature.  Whenever  charcoal,  or  bodies  which,  like  wood, 
coal,  oil,  or  tallow,  contain  carbon,  are  burned  either  in  oxygen 
or  in  air,  carl>onic  anhydride  is  obtained  abundantly ;  if  the  gas, 
after  combustion  has  terminated,  be  agitated  with  lime-water,  this 
liquid  will  be  immediately  rendered  milky. 

Carbon  may  again  be  extracted  from  carbonic  anhydride.  If 
a  small  piece  of  potassium,  heated  till  it  begins  to  burn  in  air,  be 
introduced  by  means  of  a  platinum  8j>oon  into  a  jar  of  gaseous 
carbonic  anhydride,  the  p<ita.ssium  will  continue  to  bum  with 
great  brilliuncy.  Potash  will  be  formed  at  the  expense  of  the 
oxygen  wliich  the  gas  contains,  whilst  charcoal  is  liberated,  as 
may  be  seen  in  the  black  particles  which  are  suspended  in  the 
water  into  which  the  spoon  is  i)lunged  after  the  combustion  is 
complete.  Thus  carbonic  anhydride  is  shown,  both  synthetically 
and  analytically,  to  be  a  compound  substance,  consisting  of  carbon 
and  oxygen,  and  its  composition  may  be  represented  as  fol- 
io irs  ; 
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tl»r»ii<;h  the  ^-  it  is  jnirtmlly  tii'piirated  into  carlmiiic  oxide,  sm^i 
free  i>x.v4;t»n.  Siiljihor,  chlorine,  ami  t!>e  haloj^i'iis  luiiv  \w  lieaUnl 
with  iht?  ff&A  u'itlttiiit  dtf^-oiuporitng  it ;  but  if  heated  with  liv«in>ii««n, 
w.  ■  ^  '  ciiHinrjif  oxide  jim  f(inui.'d.  the  din'oiiii>orf.iiion  boiii!^ 
r.  I  thu-s  €?t>,  +  II,=eo  +  ll,e.     Carbon,  and  many  of 

tlv  ^,  such  as  iron  Rn<l  zin<\  al^o  remove  .1  portinu  of  tho 

o\  im  the  carbonic  anhydride,  and  convert  it  into  carbonic 

oxide  \^;i.'>T). 

Aj>j^(iratlfm9. — Sir  Goldsworthy  Guroey  ha*  turned  the  pro- 
perty of  cxiinsfnisliiiit?  tlaine  possesswl  by  carbottic  anhydride  to 
an  finportimt  practical  iwconnt.  Coul  mines,  at  ditteretit  times 
Aod  frotij  v-arioUb  cuU!>e$.  are  liable  to  t^ke  tire,  and  from  the  vast 
cuaM  of  heated  imitter.  the  C'tifla^ration  not  uafrequently  resists 
aif  the  .irdliiio'v  tiieuns  of  eheekiutr  its  ruvsijes  ;  manv  acres  of 
irc  thus  produeed,  and  tlie  workings  are  of 
.  ij.  Sir  (t.  Gnrney,  in  such  cases,  eloses  every 
>u\  the  mine  but  two,  one  for  tlie  entrance,  the  other 
iipc  of  the  gase^s,  and  then,  by  the  agency  of  the  steam 
jet,  ponr^  into  the  mine  a  current  of  iin|)uro  carbonic  anhydride 
and  tiilniijen,  obtained  by  forein:^  a  stream  of  air  throiii^h  a  coke 
furnaen  into  the  mine,  so  as  to  till  the  entire  wurkinj^  witli  the  jfas; 
li-  ••evend  oe.ea-^i<His  succeeded  at  a  very  small  expense 

iti  1;^  Hres  wliielj  have  niged  unsubdued  for  years.     A 

verv  reiniirkable  om;  of  this  kind  \va>i  mentioned  in  the  Timejsior 
Mar  32,  1S51  ; — Tlie  *  burning  wiiste  of  Clackmannan,'  situate 
nlwint  aeven  miles  Irom  Stirling,  had  l>een  for  30  years  on  fire. 

It   ■    <<\  in  a  seam  of  nine-foot  coal,  and  extended  over  an  area 

0:  -i ;  vet  the  Wra  was  sncce-ssfuUy  extinguished  : — about 

8,ti"o,uiMi  cubic  feet  of  ga-i  were  re(|uired  to  till  the  mine,  and  a 
eontinueus  stream  of  impure  carbonic  aiiliydritle  was  kept  up 
ni^ht  an  1  day  for  aliout  three  weeks.  Tlie  <litHrulty  lay  not  so 
loui-ii  in  imtdng  out  the  tire,  as  in  cooling  down  the  iirnited  masa 
■O  tliat  it  should  not  again  burst  into  flame  on  readmitting  the 
•ir.  In  onhiT  to  etlect  the  necessary  reiluction  of  the  tempera- 
ture, water  was  blown  in  along  with  the  carbonic  anhydride  in 
tlie  ftkriii  of  a  tine  spray  or  mist.  Subseijuently,  cold  air  mixed 
with  tin?  spray  «-as  blown  in.  and  in  a  month  from  tlie  (^oin- 
11!  If  of  operationa  the  lire  was  found  to  be  completely  ex- 

t-  i. 

lit)  C'lrhoitatt^s. — Though  but  a  feeble  acid,  the  radicle  of 
.;<•  ai-id  unites  \rith  the  metals  and  forms  a  numerous  and 
class  of  saltji,  which  have  till  lately  been  regarded  a« 
.i-i-;  in  which  ease  (reverting  to  the  old  ni»tation)  they 
M  i:outain  one  etjuivalont  of  tJ/e  aniijclridc  to  one  enuiviilewl 
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of  the  base,  like  carbonate  of  potasli  (KO,CO,).  But  ir  the  case 
of  the  alkalies  a  second  equivalent  of  the  anhydride  maj  be  com- 
bined with  the  metallic  oxide ;  thus  with  potash  there  is  also  » 
bicarbonate  or  acid  carbonate  (KO,  IIO,  2  CO,).  Owing  to  thes 
existence  of  these  salts,  conjoined  witli  a  consideration  of  the 
properties  of  many  of  the  compounds  which  carbonic  anhydride 
forms  with  certain  organic  substances,  the  acid  is  now  very  gene- 
rally regarded  as  dibasic  (554),  in  which  case  its  fonnula  wo\ild 
,1)0  double  of  that  formerly  adopted ;  carbonate  of  calcium  would 
then  be  represented  as  2  CaO,C,0„  or  OaOO, ;  carbonate  of 
potassium  as  2  KO,C,(),,  or  K,0O, ;  and  bicarbonate  or  the  acid 
carbonate  of  potassium,  as  KO,Ii(),C,()„  or  KH€?0,.  The  for- 
mula of  all  the  carbonates  hitherto  regarded  as  neutral  would, 
ujjon  this  view,  be  doubled,  while  those  of  the  acid  carbonates  and 
some  of  the  double  carbonates  would  retain  their  former  value 
unchanged. 

The  carbonates,  with  the  exception  of  those  of  the  alkaline 
metals,  are  not  soluble  in  water  ;  but  many  of  the  insoluble  car- 
bonates, and  in  particular  those  of  calcium,  magnesium,  barium, 
and  strontium,  may  be  dissolved  to  some  extent  by  water  charged 
with  carbonic  acid,  and  arc  deposited  in  a  crystalline  form  as  the 
gas  escapes  slowly  from  the  liquid.  All  the  carbonates  are  dis- 
solved with  effervescence  by  diluted  nitric  acid,  and  even  by 
acetic  acid :  the  gas  which  conies  off"  is  colourless,  and  renders 
lime-water  turbid ;  it  possesses  the  proi>ertie3  of  carbonic  anhy- 
dride, above  described.  The  most  delicate  test  of  the  presence 
of  free  carbonic  acid  is  one  of  the  biisic  salts  of  lead,  such  as  the 
subnitrate  or  the  subacetate,  a  solution  of  which  is  instantly 
rendered  milky  by  the  action  of  the  acid  upon  it.  The  carbonates 
of  the  alkaline  metals,  when  in  solution,  are  also  decomiKwed  by 
acids,  witli  effervescence  ;  they  give  with  salts  of  calcium  a  white 
precipitate,  which  is  iunnediately  redis3(jlved  l)y  an  acid,  with  effer- 
vescence. All  the  carbonates,  with  the  exception  of  those  of  the 
alkaline  metals  and  barium,  are  deeomi^osed  by  prelonged  ignition, 
the  salt  being  decomposed  into  tlie  anhydride  and  a  metallic  oxide. 
The  carbonates  have  considerable  tendency  to  combine  with  each 
other,  and  form  double  sjilts,  like  dolomite,  which  is  a  double  car- 
bonate of  calcium  and  magnesium  (Mg03i20O,).  Man}'  basic 
carbonates  are  also  known  ;  thev  are  otleu  hydrated  compounds 
— such,  for  example,  as  malachite  (frnll,0„0u<:^,). 

If  M  and  M'  represent  the  atom  of  any  two  diit'erent  metallic 
monads,  such  Jis  potiussium  and  so<lium,  the  general  formulae  of 
the  carbonates  will  be  thus  indicated : — 

Normal  ssilt,  M,€4^, 

Acid  salt.    Ml  fee, 

Double  salt,  MM'OO, 

The  following  table  represents  the  composition  of  some  impop 
taut  carbonates : — 


OAKBOTTATES CARBON. 


irteial*  at  potaMnim K»60j  ,  H,ft 

N»,eo,.  10  M,© 

)  "I  i't  •ssium Kli  t^H, 

..; :-._■)  cl"  Duaium         NalltHi, 

quica-b.  sodium) 'J  Na,<rO,,  H,t4*, .  'i  Ui» 

of  ammonium 2  (H^N;,  tO,,  e«, 

liif  barium iltt6+*4 

I  of  t-alduin <rn<:'0, 

I  of  mognenum Mgt-^t^, 

iil« M}reBJe++, 

J-lOiaJcite Batra  2  ft», 

Miiiciito eu  eo„€=u  ri.Oj 

Kw  otfl^ntuiw  of  copper 3  Cuet*,,  tuHi  ©« 


Old  NoUttnp. 

KO.CO. .  HO 

NaO.  CO, .  10  HO 

KU,  IK),  2  CO, 

NaU,  Ito.  L'COi 

3  XaO,  Ho .  3  COj  3  HC 

•iH.XO,  3  00, 

BuO.  CO, 

CaO.  00, 

UtfO.  CO, 

MirO,  O^O,  1'  CO, 

llaU,  CoO,  'i  CO, 

CuO  CO, .  CuO,  HO 
2  (CuO,  CO,),  CuO,  UO 


§  II.  Carbon.    e=l2,  or  C=0. 

Or.  09  diainond,  'i''^?>  1o  3*55  ;  Theftrdwil  Dcn^iy  of  Ua 
Vapour^  0'4146;  Atomic  Vcd.  \    \    [i 

(351)  Carbox  is  ftn  elementary  Ixxiy  of  the  gi*efttef*t  imix)r- 

tuicp.     It  is  loutul  iu?arly  in  h  state  of  j)urity  in  tlie  <liainoiul ; 

villi  It  larger  ]>ro|Mtrtion  of  foreign  admixture  it  oeeui"t*  in  the  form 

ofpinhite,  and  i^till  less  pure  in  theabundantdepositsof  pit  coal. 

ItisaWi  met  with  in  enonnou*  qnantitiesineomhinatinn,  vmder  a 

vHrieU  of  forms.     Inde]>en<lently  of  the  (juantity  of  it  whieh  exists 

•lill'uHtil  througli  thu  atnu/iiphert'  in  tiie  state  of  carbonic  aidiy- 

(iriije,  it  is  a  conijnjnent  of  the  nmneronis  vurietie*  of  carbonate  of 

caleinni  and  of  miigiiesinni,  eoii^titiiting  nearly  an  eitrlith  of  the 

_ttitirfi  weight  of  the  f<irmer,  and  more  than  a  seventh  of  that  of 

flxjnate  of  magnesium.     It  i»  the  charaeteristie  ingrt-dieut  of  all 

"stances  which  are   termed  organic;    that   is,   of  STilwtances 

lich  »re  pnidnee<l  directly  or  indirectly  from  the  vegeUible  or 

Jitual  creation.     Tlic  fttilifl  parts  of  plants,  shnibs,  and  tree,s  owe 

ein'orm  and  solidity  to  this  element,  whieh  is  mainly  supplied 

I  tlifiii  from   the  carbonic  anhydride  in  the  atmosphere.     This 

'on  of  plants  upon  earhonie  anhydride  is  one  of  the  means 

lineal  for  preserving  uniformity  in  the  composition  »pf  the  air. 

j>e  quantities  of  carbonic  anhydride  poured  forth  from  the  bowels 

|tlie  earth,  and  derived  from  the  processes  of  respiration  and 

mlMistion,  and  from  numerous  other  less  apparent  soureis^,  would 

'».V dejjrees  Ottcasion  an  injurious  accumulation  of  the  gas,  but  for 

ti'i'  I  ti!iipensating  action.     In  solar  hght  the  leaves  of  plants  de- 

''"■ii|'"^e  biith  carlHitiie  anhydride  and  water,  a]>propriating  the 

wliiiii  and  the  hydrogen  of  eacli  for  theu"  own  growth  and  niitri- 

^iiiii,  wldlst  a  large  proportion  of  the  oxvgen  which  these  ctnn- 

pjiurids  contained  is  returned  into  the  air  in  the  gaseous  state. 

Tliti  earlxtnio  aidiydride  thus  poured  out  by  animals  as  a  refuse 

ind  jxiiiionous  jiroflnct,  supplies  food  and  substance  tu  the  vcge- 

t«lili'  world,  which  in  its  turn  converts  the  carbon  into  a  form 

wiitiildc  for  the  maintenance  of  life  in  animals.     Each  great  divi- 

fiiun  of  animated  nature  is  thus  seen  to  be  essentiid  t<<  the  well- 

Wiig  and  even  to  the  support  of  the  other.     The  fuel  which  haa 

burned  nrn)  JiasJpatcJ  in  rapoui',  is  again  reduced  lo  l\lQ 


I 
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Bolid  state,  and  by  the  affencv  of  Testable  life,  it  is  once  more 
fitted  lor  Combustion.    Flants  are  m  fact  the  ^nd  agents  by 
which.  an<ler  the  influence  of  the  chemical  action  of  tlie  sun  a 
ray?.   de«.ixidaTi<.>n   i<  el&cted.  while  animals  are  the  channels 
thruuirh  which  recombination  with  oxj'gen  is  unceasingly  pro- 
duct^ L 

(_35:it  /»/'<»//('.//<//.  SjK  Gr.  from  3'33  to  3-55. — Carbon  is  found  ian 
its  }>uri-^T  .-tate  iu  the  di'imond^  which  occurs  crystallized  in  tbnr»^s 
Ix'loniriiiir  t>.'  the  rejrular  system.     The  crj'stala  are  generally  d^?*7 
rivativi-s  fn.nn  the  t»ctohe«livn,  with  a  cleavage  parallel  to  each  *^ 
the  planes  of  the  <x-tohe«ln»n;  the  face?  are  olten  convex,  and  tl*  ** 
edges  are  generally  n:iunded.  or  Irnticulor.  as  they  are  tenned,  i  :^-* 
such  cry>tals.     Diamonds  usually  present  themselves  under  th  ^^ 
api:>earance  of  semi-transparent  rounded  i>ebbles,  enclosed  in  .^^ 
tliin  brownish  opaque  crust.     The  gem,  when  freed  from  this  coat;  -^ 
ing.  is  generally  colourless ;  such  specimens  are  the  most  prized     -5 
it  is.  however,  met  with  of  various  tints,  the  more  common  of"^ 
•which  are  yellow  and  ditlerent  shades  of  brown.    The  most  tamou^^ 
diamond  mines  are  those  of  Gidcouda  and  Bundelcnnd  in  India,  of 
Borneo,  and  of  the  Brazils.     The  origin  of  the  diamond  is  entirely^ 
unknown;  it  is  not  jirobable  that  it  has  been  formed  by  crystal — 
lizati<.>n  after  fusion,  since  intense  heat  reiluces  tlie  diamond  to  Xh» 
form  »>f  grajvhite.     The  circumstances  under  which  diamonds  ar& 
found  in  nature  aifttrd  no  cine  to  the  pi-ocess  of  their  formation. 
In  the  yeac  1627  a  diamond  was  tVmnd  imbedded  in  a  fine-grained 
quartzose  rock  (liacoiumik)  in  Brazil,  but  with  tew  exceptions  the 
gem  is  found  scantily  in  an  alluvial  matrix,  consisting  chiefly  of 
sandstone  and  rolled  quartz  pebldes.  from  which  the  diamonds  are 
extracted  l)v  washing  and  careful  sorting. 

I)ianiond  is  the  hardest  btxly  known,  cri-stallizod  boron  ap- 
l^roacliing  it  most  nearly  in  this  resj:>ect :  it  is  cut  and  [x>lisked  ojr 
employing  its  own  powder  for  the  purix>se.  The  fine  diamond 
dust  used  for  this  object  is  mixed  with  a  little  olive  oil,  and  spread 
t»ver  a  revolving  steel  plate,  and  the  diamond,  cemented  into  a 
suitable  supiwrt,  has  each  of  its  faces  in  turn  presented  to  the  flat 
fmw  of  the  disk.*  The  most  important  use  to  which  the  diamond 
is  apjiliinl  is  the  cutting  of  sheets  of  glass :  only  the  natural  face 
of  the  crystal  can  be  employed  for  this  purpose,  crystals  with 
curved  faces  being  the  best ;  they  are  set  in  a  convenient  handle, 
and  a  Hue  iu  the  proper  direction  is  traced  with  the  diamond  acri>s3 
the  glass ;  slight  pressure  on  each  side  of  the  cut  then  dctenuines 

•  T1k<  KohiiuKir  ditunond,  which  was  cnt  in  1852.  for  the  Queon,  was  imlieddcd  in 
tt  copiHT  vfitni'l  of  ttbout  the  size  of  a  teacup,  into  whicli  it  was  ccmi-ntcrt  with  a  mix- 
turo  of  I'liuul  juirtH  of  tin  and  lead.  When  it  was  neocssary  to  chanj»c  tlio  position  of 
tl\o  ^0111.  the  siililiT  wu:«  HOttcnod  br  inimcrsiiif;  tlie  cup,  witli  the  diuinonil  imbedded, 
iu  n  i'li:ir«-«i;il  tire,  iiud  heating  tlie  metal  till  it  assumed  a  c-ousistcneo  rescmbliu^  tliat 
of  Wit  *niil ;  iu  order  to  i-ool  the  diamond  more  quiekly,  it  was  plun)n>d  first  into  warm 
wati-r  ttUil  ihou  into  i\M  water;  the  cuttiuR  was  elfeeted  by  mean ji  of  a  cast-irou 
whet'l  ri>volviii^  i>u  a  vertical  axis  about  2400  times  per  mitiut*.';  the  diamond  rested 
uix>n  till-  vipiH'r  surl'ac*  of  the  wheel,  being  held  in  its  position  by  a  kind  of  vice,  and 
the  pri'SMuri.-  uKuinst  the  ivrnlvinK  disk  was  increased  or  diminished  by  adtlin^  or  to- 
niovint;  wiiirhis.  li'rom  time  to  time  the  face  of  tlte  diamond  was  touched  with  a  bait 
pencil  dipi>oil  iu  a  onsim  of  diamond  dust  and  oil 
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the  fracture  in  the  right  direction.  A  true  cut  is  eflfected  bj  such 
a  diamond  if  properly  used,  whilst  a  diamond  with  angles  obtained 
by  cleavage  produces  only  a  superficial  scratch  with  ragged  edges. 
The  diamond  has  a  very  brilliant  lustre  and  a  high  refracting 
power;  it  is  a  non-conductor  of  electricity.  After  exposure  to 
sunshine,  many  specimens  emit  a  feeble  phosphorescent  light, 
\rhich  may  be  seen  in  a  darkened  room.  In  vessels  from  wliieh 
air  is  excluded,  it  may  be  heated  intensely  without  change.  If  it 
1)6  suspended  in  a  cage  of  platinum  -R-ire,  heated  to  briorht  redness, 
and  plunged  into  oxygen  gas,  it  will  bum  with  a  steady  red  light, 
and  with  the  production  of  pure  carbonic  anhydride.  The  dia- 
mond, however,  is  not  perfectly  pure  carbon :  it  always  leaves  a 
minute  yellowish  ash,  which  has  been  found  to  contain  silica  and 
oxide  ot  iron.  This  ash  has  generally  the  form  of  a  cellular  net- 
work, and  may  perha]>s,  at  some  future  time,  assist  in  determining 
the  origin  of  this  valuable  gem.  No  heat  hitherto  applied  suffices 
for  the  fusion  or  volatilization  of  the  diamond,  or  indeed  of  carbon 
in  any  of  its  forms,  though  in  the  intense  heat  of  the  voltaic  arc, 
it  appears  to  be  mechanically  transported  from  one  electrode  to 
the  otlier  (355).  When  the  diamond  is  introduced  into  the  flame 
of  the  voltaic  arc,  it  undergoes  a  remarkable  change ;  as  soon  as 
it  becomes  white  hot  it  begins  to  swell  up,  loses  its  transparency, 
suddenly  acquires  the  power  of  conducting  electricity,  becomes 
specifically  lighter,  and  is  converted  into  a  black  opaque  mass, 
resembling  coke.  The  density  of  a  diamond  thus  altered  was 
2'6778,  while  in  its  cr}-stalline  condition  it  was  3-33(>  (Jacquolain, 
■inn.  de  Chirnie,  III.  xx.  407).  The  heat  of  the  oxyhydrogen  jet 
was  found  to  be  insufficient  to  produce  this  change. 

(353^  Graphite,  or  Phtmhcujo  {Sj>.  Gr.  from  2*35  to  2*15),  is  a 
Kcond  torm  in  which  carbon  occurs  native.  Its  once  celebrated 
mine  at  Borrowdale  is  now  nearly  exhausted.  It  is  also  found  in 
Ccjlon,  and  in  several  parts  of  the  United  States,  always  in  rocks 
belonging  to  the  earhest  formation.  It  has  also  been  tuund  ahiin- 
dantly  in  the  Batougal  mountains,  near  the  frontier  of  China,  in 
South  Siberia.  The  Borrowdale  graphite  occurs  in  clay-slate ; 
in  other  localities  it  is  imbedded  in  gneiss,  mica-slate,  or  granular 
lim&stone.  Graphite  occurs  eitlier  massive  or  in  six-sided  crvs- 
talline  plates  belonging  to  the  rhombohedral  system.  Carl)on,  in 
the  two  forms  of  diamond  and  plumbago,  offers  an  excellent 
instance  of  dimorplii^im  ;  the  properties  which  it  displays  in  these 
two  states  are  as  widely  different  as  those  of  any  two  dissimilar 
plements.  Graphite  has  a  metallic,  leaden-grey  lustre,  whence 
Jt^  funiiliar  name  of  hlack-Uad.  It  is  very  friable,  and  conse- 
<liiently  feels  unctuous  to  the  touch,  and  leaves  traces  on  ])aper 
^Pon  which  it  is  rubbed.  The  particles  of  which  it  is  composed 
*i^,  however,  extremely  hard,  and  they  rapidly  wear  out  the  saws 
employed  to  cut  it.  It  appears  to  exist  in  two  distinct  modifica- 
t'oiis,  one  of  which,  like  the  Borrowdale  graphite,  is  fine-grained 
*id  amorphous ;  the  other,  like  the  Ceylon  variety,  is  composed 
*^f  small  flat  plates,  imited  by  a  cementing  material ;  this  form  of 
Ey^}>)ike  generally  occurs  in  a  matrix  of  quartz  (Brodie).    GraY»\u\.e 
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is  an  excellent  conductor  of  electricity.  It  is  never  met  with  in  a 
state  free  from  foreign  admixture :  when  bunied  in  oxygen  it  leaves 
from  2  to  5  per  cent,  of  ash,  which  generally  contains  quartz,  and 
oxides  of  manganese  and  iron ;  these  bodies,  however,  are  merely 
accidental  impurities.  The  fine-grained  amorphous  graphite  is 
liighly  prized  for  tlie  manufacture  of  *  lead  pencils ' :  where  pieces 
of  sufficient  size  can  be  obtained  they  are  sawn  into  thin  slices,  and 
these  again  into  small  rectangular  prisms,  which  are  placed  in  cedar 
wood  for  use.  It  has  been  found  that  the  smallest  ti*agments,  if  of 
good  quality,  and  the  fine'  powder  (which  was  formerly  consolidat- 
ed by  melting  it  with  a  minute  quantity  of  sulphur,  and  was  used 
for  tlie  coareer  kinds  of  pencils)  may  be  again  reduced  into  coherent 
plates  by  subjecting  it  to  enormous  pressure,  and  may  thus  be  fitted 
for  the  manufacture  of  the  best  pencils.  Black-lead  is  extensively 
used  for  lubricating  maohinerj',  and  as  it  is  quite  unaltered  by 
exposure  to  the  weather,  it  forms  a  serviceable  coating  to  protect 
coarse  iron  work  from  rust.  An  application  of  graphite  \niich  is 
of  some  importance  to  the  chemist,  is  its  use  in  the  manufacture 
of  what  are  tenned  black-lead  crucibles,  or  blue-pots ;  the  clay 
employed  in  making  them  is  mixed  with  a  coarse  kind  of  gra- 
phite ;  the  pots  maoe  from  this  mixture  are  much  less  likely  to 
crack  when  heated  than  if  made  of  fire-clay  only. 

lirodie  {Ann.  de  Chimie,  III.  xlv.  351)  has  described  a  method 
of  obtaining  graphite  in  a  state  of  purity,  and  in  a  very  finely 
di\nded  form.  It  consists  in  mixing  coarsely-powdered  graphite 
witli  a  fourteenth  of  its  weight  of  chlorate  of  potassium ;  the 
mixture  is  introduced  into  ah  iron  pot,  and  diftused  through  a 
qTiantity  of  concentrated  sulphuric  acid,  equal  to  twice  the  weight 
of  the  graphite  employed.  The  mixture  is  heated  over  a  steam 
bath  so  long  as.  any  peroxide  of  chlorine  is  disengaged  ;  it  is  then 
alU)wed  to  cool,  thrown  into  water,  and  washed  thoroughly.     If 

fcrai)hite  which  has  been  subjected  to  this  treatment  and  dried,  be 
leated  to  redness,  it  gives  off  gas,  increases  greatly  in  bulk,  and 
becomes  reduced  to  an  exceedingly  fine  powder.  In  cases  in 
which  the  graphite  was  originally  mixed  with  silica,  this  impurity 
may  be  got  rid  of  by  adding  a  small  quantity  of  fluoride  of  sodium 
to  the  mixture  of  graphite  with  chlorate  of  potassium  and  sulphu- 
ric acid ;  the  silica  is  then  expelled  in  the  form  of  fluoride  of 
silicon. 

It  appears  that  during  this  treatment  the  graphite  becomes 
oxidized ;  and  that  a  new  compound  of  carbon,  hydrogen,  and 
oxygen  is  formed,  which  enters  into  combination  with  the  sul- 
phuric acid,*  and  this  compound  is  decomposed  by  ignition. 

*  This  oxidized  snbsUnce  may  be  obtained  in  a  state  of  purity  by  the  following 
process  {Q.  J.  Chtm.  Soc  xii.  261): — Mix  intimately  1  part  of  finely  powdere<i  Ci'vlon 
graphite  with  three  parts  of  ohlorute  of  potassium,  and  add  sutliciciit  of  the  stroufccRt 
nitric  acid  to  render  the  mixture  fluid;  after  which  uxpoKe  it  for  tliroe  or  four  days 
to  the  heat  of  140^  on  a  water  bath.  Exposure  of  tlie  mixture  to  the  direct  rays  of 
the  sun  abridges  the  time  require<l.  The  residue  must  bo  washed  with  water  fVeely, 
dried,  and  subjected  four  or  five  times  to  the  same  treatment 

Graphic  Acid  (CmH,©.),  as  this  compound  is  termed  by  Brodie,  forms  yellow  silky 
plates,  which  are  insoluble  in  water  and  in  adds.    It  is  slowly  attacked  by  ammonia 
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Tlic  irrapliitic  nioditicfttioii  of  carhon  mny  be  nbtaired  nrtiii 
^S^Ir  by  several  jm icp^-ies.  Wlien  cast  iron  ie  melted  in  cuiitHct 
■with  an  exces*  of  cliarcoal,  it  takers  up  a  eoneiderable  quantity  of 
it,,  and  if  the  iron  be  alloweil  to  cool  itlowly,  the  carbon  crytstallkes 
otit  in  the  six-sided  {»iates  peculiar  to  graphite.  In  the  manu- 
facture of  coal-gtis,  thu.-e  [mvtA  of  the  rett»rt  which  uri'  oxinttied  to 
the  hi^hept  teini>eraturo,  partiallv  decoi]ij)ose  thefi:iB  as  it  escapcg; 
a  part  of  tlie  carlMjn  wliieh  it  lield  in  combination  is  depotiited, 
nnd  1/y  dcirrees  a  layer  of  very  ]»nre  dense  carlxtn  ie.  formed,  po&- 
gRssedofa  lustre  rcoL' III bliug  that  of  a  metal.  The  density  and 
appearance  of  tliis  mass  varj-  according  to  the  temperature,  and 
the  gsisooiis  pressure  to  which  it  haj*  l»een  sultjected. 

J'it  ti/iu  ie  a  linbstance  originally  of  vec;ctable  origin,  wliich 
has  become  altered  in  af>pearance  and  oom position  by  tlie  combined 
action  of  heat  and  moisture  under  great  pre.ssui'e.  The  coniposi- 
tion  of  coal  varies  considerably  according  to  the  extent  to  which 
tlie>e  decomposing  actions  have  advanceil  :  the  ditfereut  varieties 
of  coal  will  be  noticed  hereafter,  but  in  all  cases  it  consists,  like 
vegetable  matter  in  general,  of  carbon,  hydrogen,  and  oxygen, 
with  a  small  proportion  <if  nitnigen  ;  and  in  addition,  it  contains 
a  variable  (puintity  of  saline  and  earthy  siibstances,  which  always 
exist  in  the  juices  of  plants,  besides  a  variable  amount  of  iron 
pyrites  or  bisulplii<le  of  iron.  These  saline  matters  are  left,  when 
the  coal  is  burnt  in  an  open  fire-place,  and  constitute  the  a^hes ; 
whilst  the  carbon  and  hydrogen  are  entirely  couverted  into  car- 
lum'u:  anhydride  and  water,  if  an  adequate  6upi)ly  of  oxygen  from 
the  air  be  furnished  ;  but  the  burning  of  coal,  eveu  in  an  open  lire, 
is  never  complete,  so  that  it  gives  oti"  a  quantity  of  gaseous  and 
tarry  matters,  holding  finely  divided  carbon  or  soot  in  susiiension.* 

and  hj  potiiah.  tbe  ammonia  gradually  combining  with  it,  forming  a  gelatinous  body 
BUBoeptible  of  (leoompoaition  by  acidj,  wliich  ouawiou  the  separation  of  a  wbite  gela- 
tinous mass. 

Whea  graphic  acid  is  exposed  to  a  temperatiire  of  between  500'  and  600°,  it 
nndenroe')  decomposition  with  almost  explosive  violence,  with  evolution  of  heat  and 
likfht.  giving  off  gas,  and  producing  an  exceedingly  bulky,  (iocculeut,  Sooty-lonking 
flahiiiauce  which  still  retains  both  carbon  and  hydrogen.  Ii;  in  order  to  regulate  the 
hent  applied,  tlie  graphic  acid  l>o  placed  hi  paraSln  oil,  and  tlie  UrmtKsraturo  be  grad- 
oallr  raised  to  620",  the  hydrocarbon  becomes  of  a  deep  rod  colour,  and  the  add 

jjivr  •    " and  carbonic  acid,  leaving  8  substance  of  praphitoid  appearance,  coo- 

ei^i  i  ;9, ;  if  this  new  body  be  further  heated  in  an  atiuospliere  of  nitrogen, 

way  I  :>onic  oxide  escape,  leaving  a  residue  containing  <r,.U,0,,.    Even  if 

heated  to  redness  in  nitrogen,  it  retains  a  portion  of  oxygen  and  hydrogen,  giving  off 
water,  carbonic  anhydride,  and  carbonic  oxide. 

JBrodie  considers  that  in  these  d^rtupouuds  tbe  graphite  retains  its  allotropic  state, 
which  he  terms  Uraphon,  and  that  it  iw-^hcssos  in  this  form  a  combining  number  of 
33,  ^-ith  the  symbol  Or,  If  this  be  so,  graphic  acid  GiiH,0,  might  be  represented 
as  Gr.U ,<:»».  the  first  residue  t?,,HjO,  as  Gr.Hifc*,,  and  the  second  <:>,ll,Hii,  aa. 
Gr-j.H  .^^, , ;  L'raphic  aeid  being  regarded  bv  Brodie  as  analogous  to  the  hydrated  oxide 
of  !■  I  ,e,  discovered  by  Wohler  and  Buff  (471a). 

•  ■Uim  of  SfMkt. — Wheu  a  quantity  of  froah  coal  ia  thrown  upon  a  hot 

fire.  tLi;  cual  iiiimeirmtoly  begins  to  undergo  decomposition :  various  compounds  of 
C3rl>on  with  hydrojjien  being  nbundautly  extricated  in  the  form  of  gas  or  vapour :  a 
por  •  ■  "■'  ,.-  iiiimediatoly  takes  Are  and  bums  with  a  bright,  luminous  Hnmo,  but 
a  1'  lion  of  these  hydrocarbous,  on  coming  into  contact  with  the  glowing 

ew'j —  -  -  .:Uer  more  or  less  completely  decomposed,  the  carbon  and  hydrogen  ex- 
perieocing  a  separution  from  each  other;  tbe  bydrogea,  which  ia  the  more  uonibuaVv 
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IVTien  the  oml  is  heateil  in  long  elosod  iron  ojlintlere,  socona 
t'd  05  \i>  t'XcluJe  atrriositlit'ric  air.  liiit  to  iillnw  tret- ei>c*iv))e  for  vola- 
tile iiiafttTs,  a  huge  ijiiniifity  (ifgiuseoussuitstiuicts,  I'Dritninin^  the 
oxvgL'ii,  li}'(lr()<r(!ii,  aiuJ  nitrogen,  with  a  part  of  the  uarlmii  of  tJje 
coal,  ptujijej  oft',  while  tliegrc»teri>nn>«>rtion  of  the  carUin  remaina 
behind,  and  constitutes  coke,  which  is  the  only  one  of  the  pro- 
ducts thftt  will  be  notict^d  at  present.  Coke  i6,  chemically,  tho 
same  substance  as  the  graphite  deposited  from  the  !(!«-■«.  but  in  a 
less  pure  form,  owing  to  the  eurthy  mutters  which  ai-e  niixcd  willi 
it.  Ah  a  fuel  eoko  is  often  to  be  preferred  to  eoal,  biiu-e  it  btirns 
without  emitting  any  vH^ible  smoke;  it  ha.*  also  flie  advanti«ge  of 
not  swelling  or  caking  together  when  heated,  and  thus  the  danger 
of  choking  the  draught  is  avoided.  The  higher  the  teni}*eriiiure 
to  which  coke  is  exposed  during  its  manufacture,  the  more  denM 

bio  element,  b(>comc9  burned,  or,  if  the  supply  of  oxyfren  he  inndoqnate,  it  r«»!*s  off 
in  the  gast.'oua  form,  whilst  the  curbon,  owiiij?  to  tlie  minute  state  of  sniMiiiisFnn  of 
its  iNinit-lesi,  is  cnrriod  up  the  chimney  miKpt'tjded  in  the  current  of  l»e:.i  Ky 

liroper  caro,  the  volumes  of  black  siiiolce  ordinarily  jioured  forth  l>oii.  i  i.t>y» 

«rniir  houBfS  and  factories,  mjiy,  however,  be  prevented,  nnd  tliu  aniioy.uii^  liuij  to 
ttils  eontamination  of  tbo  atmocphert'  in  oiir  largo  towus  to  a  prcat  extent  obriated; 
■whilet  a  eonfiidenible  gaWusr  of  fuel  mny  ut  llie  sjune  tiino  be  cflut-U'd. 

The  priariplts  involved  iu  tho  prevention  of  smoke  aro — 1st,  the  supply  of  fuel  In 
itnnll  ijuiintity  ut  a  thne,  talcinjj  care  to  rauintain  n  strong,  steady  tire.  In  order  iliat 
tlie  guses  may  be  biimod  n»  fast  as  lliey  are  gouerated:  ami,  2nd,  ilie  supply  of  mi 
Hdeqiistc  quantity  of  atmospheric  air.  The  latter  condition  ia  not  ao  enttily  aecooi* 
pliglioil  in  the  fumiicos  of  the  manufacturer  as  tciglit  be  Euppo»ed.  Tho  repilatoU 
Supply  of  fuil  in  small  quaotiticn  may  obviously  be  ensured  by  due  cure  on  the  part 
ofllie  stoker,  but  it  requires  more  laltour  and  attentiou  than  is  u  "•  '  '  '  >iy 
him.     Various  eoiitrivaticos  hare  Imi'U  from  time  to  time  iuvei  i  ilia 

prevention  of  ginolce,  one  class  of  ilieso  huviu;;  for  their  object  tii^  ;,_ .., ,  ..  of 

fuel  by  meetinnical  meaos,  on  ix  proposed  by  JucIcos'k  apporatua,  tiio  <^S6uuuai  pginia 
of  *  hich  are  shown  in  section  iu  tig.  286. 

FtO.  380. 
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iit  necomp,  an<l  tlie  l>etter  is  it  fitted  for  |inj<l ileitis.'  a  steady 
iiuit  intense  heat,  wlien  ImrriHl  as  fuel ;  tlionifli  uiiioss  tlie  -supply 
III' air  lie  tult'iiilily  nbiiiidiiiit,  it  l)iii*ns  k-ss  frL-ely  in  tliis  Avin^a  cmii- 
ilili^mtlian  wlicn  Ie?(*  compact.  In  ur<li'r  to  fiii*niii<li  a  cnke  suited 
for  the  n^e  of  locrtiaotivo  erujints,  it  is  cnstnniiirv  to  ('oiismuTt  coke 
own^,  wliidi  are  nj.nftlly  Imilt  of  brick,  and  lined  with  tire-briuke, 
tliewiillft  beinif  tVutii  2  ti>  3  feet  in  tliicknu^,  t<>  efonomi/e  heat: 
wi(i  this  (ibjeet  is  fiirtlier  t'tt'octL'd  by  liuildin*;  several  ovens  tof^e- 
thi'riii  one  continuous  piece  of  luftsunrv.  One  of  tliese  ovene,  12 
I'wt  in  internal  flianicter  and  4  feet  in  lieii^lit,  will  cunvert  3^  t4»ii8 
iifwil  iirto  coke  in  forty-eight  houi-si.  The  oven  has  a  sliding  d<.X)r 
ill  front,  for  the  purpose  of  introducing  and  witlxlrawing  the 
iliar|je,  and  for  ref!;ulatiug  the  admission  of  air.  which  l>layri  over 
tlie  Mirface  of  the  heap  and  burns  oii"  the  vohitile  mattoi's,  which 
i^%\)e  by  a  tliort  fchimney.  The  coudmstion  proceeds  ^rmlually, 
I'mm  ttliove  downwards :  in  about  furtv  hours  after  coiiiMieucing 
liic  i:i|»i'ration,  the  door  i»  completely  closed,  and  tlic  funiace  left 
fur  five  or  six  hours;  at  the  end  of  that  time  the  coke  is  with- 
'Ir.cnt.  and  ijuenchcd  with  water.  A  bituminoits  ntal.  like  the 
Ncwciistle  coal,  furnishes  in  thin  way  a  very  dense  lustrous  coke, 
wliicli  s])lits  into  lon^j  columnar  masses  or  prisms,  as  the  tempera- 
tiii,  ;,,  tilt;  oven  graauolly  falls  when  the  door  is  closed.  A  fi-esh 
i-i  intro<luced  into  the  oven  whilst  its  walls  still  remain  red 
Mil.  riic  coke  is  never  melted  in  this  njieratiou,  and  the  appear- 
aures  of  fiii^ion  which  it  frojiiently  exhibits  are  due  to  the  liqne- 
fitttion,  by  beat,  of  the  bituiuiiiuus  portions  of  the  coal,  before  tuey 

In  nnother  class  of  smoke-biirninjr  contrivjnces,  t}ic  object  is  to  bum  the  smoke 
whldi  i*  fonned  in  eiimll  ()uatitity,  by  siipplyinR  air  at  a  high  teniporatiire,  to  th« 
nntiiimt  gaees  as  they  escape  from  the  fire-place.  Fig.  287  represents  in  section 
the  pha  adopted  by  Mr.  F.  C.  HiUa  for  attaining  this  object. 

FiO.  28». 


The  ixmI  is  thrown  Into  the  Are  by  hand,  but  in  moderate  quantities  at  a  time,  the 

■'    '       '  ■  r  itod  for  t)io  adraisffioii  of  air.     The  fire-bars,  B  B,  are  tiibiiiflr 

.air  into  tlie  channel,  c,  which  opens  into  the  ehioiuoy  just 

.  _.  ..    -tie  ttre-|?nile;  the  air  becomes  hentod  ns  it  passe*  throjph 

ttiiiulkr  burs,  ami.  ii'  tlie  <(u«iitity  thii*  admitted  is  not  sntflcicnt  to  complete  tlio 
DiiiinioQ  of  the  nubumed  gaseous  products  as  they  escape,  more  air  caa  be  supplied 
1  boluw  by  misisg  the  damper,  i>. 
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have  nn<lerporie  rarhnnization.     A  very  ptjre  foi-ni  of  carbon 
frequently  ulis-erved  in  tlit;  Hsfeuitra  of  tliu  miii^s,  in  the  form  of  | 
black  fibres,  cluHely  rctseinblini^  horaeliair  in  ai"jtcarance.  I 

Coke  ni:iy  ii\^>  l)e  proj»are<l,  thon^li  with  less  a<lva»ta^e,  bv  al 
emothered  e()ini)U!*tioii  i>f  the  coal  in  heaps,  in  a  manner  siiuiUrJ 
to  that  jinietiscd  in  niakinjr  charcoal.     Coke  id  6uV)ject  to  grea 
variation  in  ftiiperirauee  and  bulk,  this  variation  depending  on  th< 
kin<l  of  cual  employed  in  prudueiug  it:  it  is,  however,  nearlj 
always  uiure  Imlky  than  the  coal  that  yields  it. 

(354)  Charcoal:  Amorphous  Carwri. — Carbon  aleo  exists  inj 
a  third  form,  distinct  from  that  of  graphite,  ami  in  this  state  it  isj 
aniorphuns,  ur  entirely  destitute  of  crystalline  structure.     himp-\ 
black  is  a  variety  of  this  kind  of  charcoal;  it  is  largely  manufac«| 
ture<l  by  heating,  in  an  iron  pot,  vegetable  matters  rich  in  cHrlwn. 
Buch  at*  resin  or  tar;  tbe  vapours  thus  disentjjiged  are  kindUvl,  iiud 
burned  in  a  current  of  air  insufficient  for  tlieir  complete  coinbaft-i 
tion ;  the  liy<lrogeu  which  these  bodies  contain,  being  the  morel 
inflammable  ingredient,  bums  oft"  first,  leaving  tbe  earl)on  in  thej 
form  of  a  very  finely  divided  powder,  such  iw  that  which  conetH 
tutes  the  visible  portion  of  smoke.     The  smoky  products  of  Ihi 
inijjcrfect  combustion  are  made  to  pa&s  througli  a  large  chatuber,j 
the  walls  of  which  are  covered  with  coarse  clotii,  and  here  the  lam| 
black  is  deposited.     Lampblack  always  retains  a  portion  of  eoniej 
incompletoly  bunied  eomjKiunds  of  carbcjn  and  hydrogen.     The 
purest  forin  in  which  finely  divided  carbon  can  be  obtained  fori 
chemical  purposes  is  funiished   by  pa.sfiing  the  va])our  of  oil  off 
turpentine  or  of  etiier  slowly  through  tubes  maintained  at  a  full 
I'L'd  heat;  a  tine  powder  of  cliarcoal  is  deposited  within  them;  but 
this,  also,  even  if  again  heated  intensely  in  closed  vessels,  alwaji 
retains  traces  of  hydrogen. 

Tinder  is  another  varietj'  of  carbon  in  the  amorphons  or  non» 
crystalline  form  ;  but  the  most  important  variety  is  Wood  ChoT'i 
C(Mtl,  whi<!h  is  largely  manufactured  by  heating  billets  of  wood  uA 
dull  redness  in  cast-iron  cvlinders,  set  in  the  furnace  either  verti-l 
eally  or  horizontally,  and  provided  with  a  tightly  fitting  lid  at] 
one  end.  The  best  plan  eonsista  in  enclosing  the  wcujd  to  b©l 
charred  in  a  second  lighter  case,  which  can  be  easily  intrt.KluceJ| 
into  and  withdrawn  from  tho  fixed  cylinder,  which  is  set  in  |na-J 
8onry,  and  protected  from  tbe  direct  acti(»n  of  the  flame  bv 
casing  uf  fire-brick.  From  this  kind  of  iron  retort  proceefw 
tulte  coimeete<l  with  a  condensing  apparatus,  -where  the  liquid 

J>roducts  of  the  decomposition  may  be  arrested,  whilst  the  nneon' 
lensible  gases  pass  on,  and  arc  directed  into  the  tirc-jdace,  whwr 
thev  are  consumed.  Al\er  the  heat  has  been  ooutitiuod  for  foil 
or  hve  houi-s,  the  end  of  the  outer  cylinder  is  removed,  tlio  iune 
case  with  its  charge  is  withdrawn,  and  the  whole,  whilst  still  rw 
hot,  plunged  into  an  extinguisher  or  iron  case,  provided  witli 
tightly  fitting  lid,  which  jirotocts  it  from  tl>e  action  of  tho  air ;  ii 
this  condition  it  is  left  to  co<>l  gradually. 

Id  countries  where  wuod  in  abundant,  the  charcoal  \a  mann<^ 
facturod  by  a  much  ruder  method.    A  plot  of  ground  is  Icvdl 
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ID  w  ntJti-  tlie  forest,  a  stake  is  driven  into  the  ground,  and  a 
gflsnlity  of  l)ni.^li\v<)r>d  havinfr  been  placed  around  its  base,  lorjj 
wiiiid  are  pilmJ  up  re<;uliirly  round  the  stake  so  as  to  form  a 
(iuikI,  wliii'.b  is  ])artiHlly  covered  up  witli  jKtwdered  charcoal, 
ei.  turf,  and  earth;  the  heap  is  then  fired  by  introduein:; 
lii^ted  fajTots  into  an  a|)erture  lett  at  the  base  of  the  mound  t'i>r 
thU  |)ur|T<»*e ;  lar|j;a  tjuiintities  of  nnii.-*t\ire  are  presently  exhaUnl, 
and  when  the  whole  niiHs  is  thorou«rhly  ipiited,  it  h  still  more 
dijt^ly  covered  up  from  the  air,  the  workmen  regulating  the 
admission  of  air  a??  circumstanced  require ;  it  is  then  allowed  to 
bum  out.  When  quite  cold,  the  eiu'th  employed  to  stifle  the 
comhiBtion  is  remove<1,  and  the  cliarcoal  ia  fit  for  use.  The  com- 
Iniitioa  of  one  part  of  tlie  wood  is  thus  employed  as  a  source  of 
beat  for  charring  tlic  rest.  Charcoal  prepared  in  this  manner  is, 
for  the  parposeis  of  fuel,  preferable  to  that  made  in  cylinders ;  it  is 
ienaCT  and  is  more  com]>letely  deprived  of  volatile  matters,  becau&e 
t  to  which  it  is  exposed  is  much  more  intense,  and  is  con- 
I'lr  a  innch  longer  period.  If  the  diameter  of  the  heap  be 
<J0  leet  or  more,  the  operation  is  not  complete  in  less  than  a  month. 
A  nlow  combustion  is  found  to  yield  more  charcoal  than  one  wliich 
i«  ra|>idly  effected.  The  resulting  charcoal  retains  the  form  of 
the  wi>od,  but  it  is  much  reduced  m  size,  generally  not  amounting 
tu  mure  than  three-fourths  of  the  bulk  of  the  wood,  and  never 
eicewling  one-fourth  of  its  weight. 

Exjx'rience  sliows  it  to  be  much  more  economical  to  employ 
iJrv  wtKid  in  tlie  preparation  of  charcoal  than  wood  in  its  green 
omditiou.  Karsten  found  that  100  parts  of  recently  felled  wooil, 
bj drying  at  212",  lost  57  parts;  by  raising  the  temperature  to 
^f  the  lt>^  upon  the  original  weiglit  amounted  to  not  less  tlian 
87  parts ;  and  the  33  parts  of  dry  residue  when  charred  left  25 
\mru  of  charcoal ;  but  100  parts  of  the  same  wood,  if  charred 
without  any  preliminary  drying,  left  only  14  parta  of  charcoal. 
Tliiii  reiniirkable  dirterence  m  produce  depends  upon  the  decom- 
pcwlitg  Hction  of  charcoal  at  a  high  temperature  upon  water,  in 
conjcquence  of  which  much  of  the  carbon  escapes  in  the  gaj»eoua 
state  m  tlie  form  of  carbonic  oxide,  wliilst  the  hydrogen  of  the 
Vfttt-r  also  passes  r)tF  as  gas. 

The  objejft  of  preparing  charcoal  as  a  fuel  is  to  get  rid  of  mois- 
ture and  volatile  matters,  which,  at  the  moment  of  tneir  formation, 
ereatly  retluce  the  temperature  of  the  burning  mass,  owing  tc  the 
'W^e  qiiiiMtity  of  heat  which  they  carry  off  in  the  latent  state. 
Churcoal  also  cf>ntains  in  the  same  bulk  a  larger  amount  of  carbon 
ibau  tlie  wood  which  furnished  it,  and  by  supplying  a  more  com- 
pact fuel  concentrates  into  a  smaller  space  the  heat  which  it  emits, 
»eiindition  which,  in  metallurgical  operations  demanding  a  high 
teinixTsiture,  is  often  of  the  greatest  importance. 

In  the  economy  of  material  to  be  used  as  a  combustible  it  is 
not  giiltieieut  to  consider  simply  the  ateolute  amount  of  heat  whiih 
agiveu  weight  of  the  fuel  emits  whilst  burning.  The  radiating 
powur  uf  a  fti^lid  muss  of  fuel  is  much  higher  than  that  of  a  gaseous 
Oombustible,  but  the  temperature  of  flame  is  very  high.  A  t"uvj\ 
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which  burns  with  flame  is  therefore  necessary  where  it  is  needM 
to  communicate  an  elevated  temperature  to  objects  at  a  distance 
from  tlie  tire-grate,  or  to  raise  large  masses  to  a  uniform  temperar 
tnre.  AVood  and  bituminous  coats  are,  consequently,  particularly 
useful  in  tlie  glass  furnace  and  in  the  porcelain  kiln ;  whilst  in 
heating  boilers,  and  objects  in  which  direct  radiation  canactwitb 
its  full  effect,  coke,  anthracite,  and  coal  which  bums  with  but 
little  flame,  are  especially  valuable.  In  an  ordinary  open  fire, 
these  flnmelcss  fuels  are  also  the  most  useful,  as  the  heat  is  thrown 
oft"  by  them  into  the  room  most  completely,  instead  of  being  car^ 
ried  up  the  chimney  with  the  gaseous  products. 

Charcoal  never  consists  solely  of  pure  carbon.  According  to 
the  experiments  of  Violette,  100  parts  of  black  alder  {Bourdain*!) 
wood,  charred  at  the  following  temperatures,  gave  amounts  oi 
charcoal  progressively  diminishing ;  but  the  per-centage  of  carbon 
in  tlic  residual  charcoal  was  found  to  increase,  as  shown  intbe 
table. 


I 


Tompornture  of 
clmrrini;,  F°. 

Per-centage  of 
charcoal 

Per-centage  of  oarbon 
incharcoaL 

480° 

570° 

750° 

2730° 

50 
33 
20 
15 

65 
78 
80 
96 

A  peculiar  kind  of  charcoal,  but  imperfectly  burned,  and  of  a 
reddish-brown  colour,  termed  by  the  Irench  charbon  rotas,  is  oc- 
casionally prepared  tor  the  manufacture  of  the  gunpowder  used  for 
sporting  purposes.  Powder  made  with  this  charcoal  absorbs  mois- 
ture more  ra]>idly  than  ordinary  gimpowder.  Charbon  rovx  is 
]»rocurcd  by  forcing  steam,  under  a  pressure  of  about  two  atmo- 
spheres, through  a  coil  of  heated  i)ipe,  and  directing  this  super- 
heated steam,  at  about  540°,  into  the  iron  cylinder  containing  the 
wood  :  in  a  few  hours  the  charring  of  the  wood  is  effected.  The* 
followinir  is  stated  by  Kegnault  to  be  its  average  competition  in 
100  parts  :— 

Carbon  .  .  .  .7142 
Hydrogen  ....  4'85 
Oxvgcn  and  Nitrogen  .  .  22"91 
Asfi 0-82 

Animal  ChareoaJ,  or  ivory  black,  is  prepared  by  heating 
bones  in  cylinders  in  a  manner  similar  to  that  employed  for  wool 
charcoal. 

(355)  General  Properties  of  Carl>on. — Carbon  in  all  the  forms 
alwve  mentioned  is  chemically  the  same.  At  atmospheric  tempe- 
ratures it  is  one  of  those  substances  in  which  ciiemical  attraction 
exhibits  least  activity;  consequently  a  8ui)erflcial  charring  is  fre- 
quently resorted  to  with  a  view  to  protect  wood  from  decay,  as  in 
tiic  case  of  piles  which  are  driven  into  mud  or  into  the  beds  of 
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rifetB,  to  Borve  as  foundataons.    For  the  same  reason  it  is  a  com 
wm  practice  to  char  the  interior  of  tnbs  and  casks  destined  to 
hold  liqiiids.      Lampblack  famishes  the  most  indestmctible  of 
bbek  pigments,  ana  has  long  been  employed  on  this  account  aa 
tin  buis  of  printing  ink.    The  diamond  is  a  non-conductor  of 
dMtrici^ ;  in  its  ower  forms  carbon  is  an  excellent  conductor, 
ranking  next  to  the  metals  in  this  respect.    In  a  state  of  line 
sabdiTidon  it  is  a  bad  conductor  of  heat,  out  its  conducting  power 
inoQwes  with  its  density.     Finely  divided  charcoal  is  usually 
ttated  to  have  strong  antiseptic  powers.    It  certainly  has  a  re- 
nuukable  action  upon  pntrescible  substances ;  but  Stenbouse  has 
diown  that  this  action  consists  in  a  rapid  process  of  oxidation 
dependent  upon  the  power  which  charcoal,  when  in  a  finely  divid- 
ed state,  possesses  oi  condensing  oxygen.    The  offensive  effluvia 
fiom  aniinal  matter  in  an  advanced  state  of  putrefaction  disappear 
wlien  the  putrefying  substance  is  covered  with  a  layer  of  charcoal ; 
it  oontinnes  to  decay,  but  without  emitting  any  odour,  till  at 
logth  all  the  carbon  is  dissipated  as  carlxmic  anhydride,  the 
Iijw^en  as  water,  and  tlie  nitn^n  remains  as  nitric  acid.    The 
remamible  power  possessed  by  charcoal  of  absorbing  various 
bodies,  particularly  colouring  matters  ai^d  many  bitter  principles, 
vhen  ui  a  finely  divided  state  (54),  as  well  as  its  property  of  cou- 
dendng  a  lai^  proportion  of  gaseous  matters  withm  its  pores  (65), 
be  been  already  mentioned.    So  rapid  is  this  action,  that  Sten- 
hoTise  has  proposed  to  use  a  respirator  tilled  with  charcoal,  to  pro- 
tect the  mOutti  and  nostrils  in  an  infected  atmosphere ;  and  the 
employment  of  trays  of  powdered  wood  charcoal  in  dissecting- 
rooms,  in  the  wards  of  hospitals,  and  in  situations  where  putrescent 
animal  matter  is  present,  is  found  to  exert  a  moBt  beneficial  influ- 
ence in  sweetening  the  atmosphere  by  absorbing  and  decomposing 
the  offensive  gases.     These  properties  render  cnarcoal  a  valuable 
material  in  the  construction  of  filters,  not  only  for  decolorizing 
purposes,  but  likewise  for  assisting  in  purifying  water  for  domestic 
nse.    It  is  now  also  employed  most  successtnlly  to  prevent  the 
escape  of  noxious  vapours  at  the  ventilating  openings  of  the  sewers, 
as  it  allows  the  free  passage  of  air,  but  condenses  the  offensive 
effluvia  in  its  pores,  where  they  are  destroyed  by  a  process  of 
oxidation.     It  will  continue  active  for  years  if  kept  dry. 

Carbon  is  usually  regarded  as  neither  fusible  nor  volatile ;  but 
in  the  course  of  some  experiments  with  a  voltaic  battery  of  intense 
energy,  consisting  of  600  cells  of  Bunsen's  constniction,  connected 
60  as  to  form  a  battery  of  100  pairs  of  6  cells  each,  Despretz  found 
on  operating  upon  carbon  points  in  an  exhausted  receiver,  that  tlie 
vessel  became  nlled  with  a  dark  cloud,  which  was  deposited  upon 
the  sides  of  the  glass  as  a  black  crystalline  powder ;  and  by  ex- 
posing charcoal  obtained  from  pure  sugar,  or  from  essence  of  tur- 
pentine, to  the  action  of  the  battery  in  a  small  cnicible  of  pure 
charcoal  connected  with  the  positive  electrode,  the  whole  of  the 
charcoal  powder  became  cemented  into  a  coherent  mass  which 
appeared  to  have  been  fused,  and  which  exhibited  the  properties 
or  graphite. 


8TNTHE9I8   OF  CAEBONIC  ANHYDBIDE. 

At  liigh  temperatures  carbon  combiues  rapidly  with  oxygen,^ 
antl  will  remove  it  tVoui  u  great  luimher  of  its  corapouii«J«,  espe- 
cially from  the  oxides  of  the  metals  ;  hence  the  various  form*  uf 
carbon  are  very  extensively  employed  in  the  reduction  of  the 
substances  to  the  metallic  condition.     The  deoxidizing  power  of  j 
carbon  i^  aometimes  exerted  at  the  ordinary  temperature  of  the 
air.     Schoubcin  found  that  ferric  salts  may  be  reduced  to  the 
condition  of  ferrous  salts,  by  simply  agitating  their  solutions  witlij 
charcoal  p<5wder,  and  the  mercuric  arc,  iii  like  manner,  convertc'<' 
into  mercurous  salts.     Charcoal  decomposes  steam  at  a  red  heat  ;J 
hydrogen  is  liberated,  and  a  niixtui'e  of  carbonic  oxide  and  cai*- 
bonic  anhydride  is  formed. 

It  was  long  supposed  that  sulnhur  is  the  only  non-metal Ue 
element  besides  oxvgen  with  whicn  carb«jn  can  bo  made  to  unite 
directly,  and  a  high  temperatm'e  is  required  in  this 
ett'ect  the  combination.  The  experiments  of  Berthelot  have  proven! 
that  by  igniting  charcoal  intensely  by  means  of  the  voltaic  arc 
in  a  current  of  pure  hydrogen,  a  particular  hydrocarbon,  acetylene, 
Gfi^  is  formed, 

Tlie  compounds  of  carbon  witli  the  metals  are  termed  carih 
ret^  or  carhiden. 

(330)  Si/nlhe«l^  of  Carhonic  Anhydruie. — Since  a  knowled 
of  the  composition  of  carbonic  aidiydride  is  a  fundamental  dattiir 
for  the  analysis  of  organic  componnds,  the  proportion  in  whicl 
oxygen  combines  with  carbon  to  produce  carbonic  anhydi'idc  h«i 
been  determined  with  the  greatef>t  care,  by  the  con)l>ustii>n  ot 
weighed  q\»intities  of  <.Uamond,  of  graphite,  and  of  charcoal,  in 
stream  of  di-y  oxygon.  The  apparatus  employe<l  for  this  pur^>os 
is  indicated  in  iig.  288.    A  represents  a  gas-holder  tilled  wiilf 
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oxygen ;  b  a  tube  containing  fragments  of  caustic  potash,  o% 
pumice-stone  moistened  with  sulphuric  acid,  for  removing  i 
traces  of  moi.sture  from  the  oxygen  ;  c  ^  is  a  tube  of  hard  gl« 
traversing  the  ehoel-iron  ftiniHce,  e.  At  c  is  a  platinum  trayj 
taiiiing  tne  weighed  portion  of  diamond  or  graimlte  ;  the  frot 
the  tube  d  is  occupied  by  a  column  of  oxide  ot  coj^pcr,  the  ol 
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cf  which  is  tn  oxMize  coiiij»letely  any  trace  of  carbonic  oxide 
which  might  be  formed.  The  appiimfud  is  tilled  with  ib*y  wxvtreil 
by  opening  the  stopcock  of  the  yas-bolder,  a,  to  a  regulateil  ui*- 
tunce,  and  tlie  foro-j>art  of  the  tniM?,  </,  is  bronght  to  a  red  Lent 
byracans  of  heated  charcoal ;  the  heat  k  then  applied  to  the  spot, 
0,  where  the  cart>on  lies,  Tlie  carbon  burns  and  l»ecorne9  cou- 
v^ertwl  into  carbonic  aidiydride,  which  trtiverses  tiie  cobunn  «»f 
'  oxide  of  copper;  f  i^  a  weighed  tube,  tilled  with  chloride 
K  iuin,  which,  if  water  were  present,  would  be  found  to 
iutrease  in  weight,  but  in  which  nn  deposit  of  tnciisture  i;*  formed 
if  the  experiment  Ihj  proin'rly  conducted.  The  carbonic  anliy- 
rfride  pat-ses  on,  and  is  al)Sftrbed  by  a  strong  solution  of  potasli 
which  16  contained  in  tlie  buUw  of  the  Lieliig's  apparatus,  shown 
at  li.  The  excess  of  oxygen  al»sorbt«  ni'jluture  nn  it  pa^es 
tlirongli  this  liquid,  Init  bclbre  it  is  allowed  to  eticnpe  into  tho 
air  it  is  rendered  peil'ectiy  dry  by  cnusiiig  it  to  p!u*s  tlirough 
an  widitional  tul»e,  n.  tilleil  with  fragments  of  cans-tic  pota.-?b. 
The  increase  in  weight  acquired  by  the  tnbes  o  and  u  furnishes 
the  Weight  of  the  earlionic  anhydride  eorresj tending  to  the  quan- 
tity of  carbon  consumed,  and  the  quantity  of  carbon  burned 
is  ascertained  by  weighing  the  platinum  tray  and  its  con- 
tenfK  after  the  experiment  has  tenninated.  Hy  experiments 
cin'liicted  njton  this  principle  it  has  been  determined  tiiat  12 
!  carbon  require  for  convei-siou  into  enrbonic  anhydride 
■  ;;ii  parti  ot  oxygen  (Dumas  and  Stas  ;  Ann,  dc  C/u)nu\ 
III  i.'5i. 

Diamond,  graphite,  and  charcoal  are  thus  ehoWTi  to  be  chemi- 
aJly  the  same  substance,  though  they  differ  entirely  in  pro 
pCTties;  these  three  conditions  l>eing  allotri>pic  modificationa 
lit'  carbon  (S7),  the  diflerences  in  |>ropertie8  arising  not  from 
''■''  in    tlieir  chemical  nature,  but  in  tJieir  molecular 

lU..     _  iit. 

If  a  piece  of  pure  carVx)n  be  burned  in  a  jar  of  oxygen  over 
loerctury,  it  will  be  found  after  the  combustion  is  over,  and  the 
ga«  has  cooled  to  the  initial  temperature  of  tho  oxygen,  that  ita 
volnme  has  undergone  no  permanent  change:  the  i)u]k  of  the 
oxygen,  therefore,  is  not  altered  by  this  coml>ination  ;  the  car- 
bonic aidiydride  which  is  formed  occupies  precisely  the  same 
space  a.-;  the  oxygen  which  produced  it. 

(.■557)  Cakboxic  Oxide  :  (OO  =  28) ;  Sj).  Or.  0-907  ;  AUnnic 
liiid  Mol.  Vol.  [  I  J. — It  has  been  stated  that  carbonic  anhydride 
is  wholly  deprived  of  its  oxygen  when  heated  with  potassium; 
but  if  Home  metal,  such  as  zinc  or  iron,  which  luis  a  less  powerful 
attraction  for  oxygen,  be  substituted  for  the  potassium,  the  car- 
Iwuic  anhydride  will  only  be  partially  deoxidized ;  the  mutal  will 
'leprive  it  of  exactly  half  the  oxygen  which  it  contains,  and  a  new 
psoHjus  bo<ly,  termed  carbonic  oride,  will  be  produce*.!  The 
imik  of  this  new  gas  is  exactly  equal  to  that  of  the  carbonic 
anhydride  that  furnished  it.  Carbonic  oxi(te,  mixed  with  free 
hydnigcn,  is  also  obtained  abundantly  when  steam  is  traiisniitted 
"jfer  charcoal  heated  to  hright  tednens. 


J  PEErARATION   OF  CARBOMC  OXIDE. 

Preparation. — 1.  Ciirhonic  oxide  niay  be  convonicutly  jwl 
pnivil  l>y  injxiiijj:  p<5Wtlervtl  ciialk  with  an  CMjiml  woiglit  of  inm  or] 
zino  tilintrs,  and  exixwiiij  tlic  mixture  to  a  red  lit'iii  in  a  j:im» 
liariL'l.  Tlic  cliiilk  whuii  igniteil  gives  <»tl'  carbonic  anhyilride,. 
which  in  contact  with  tlie  heatcii  metal  is  decomixwed;  oxiileufj 
inm  or  of  zinc  is  fonTie<l,  qnick-linie  remains  in  tlie  retort  mixe 
with  the  metalh'e  oxi«lt*,  and  the  cai'bonic  nxide  gas  after  beiug] 
washed  with  water  containing  elaked  lime  in  i^nMjK'nsion,  with  hI 
view  to  absorb  any  Hiidecom posed  carbonic  anliydride,  mav  lie] 
collected  over  water,  in  which  it  is  bnt  slitrlirly  soluble.  These! 
chemical  changes  mav  lio  represented  in  the  following  manner;! 

eaee,+Zn=^ae+^ne+e». 

2. — Carbonic  oxide  ik  otten  produced  abundantly  in  the  Mr'ii'i 
nary  process  of  combustion  in  etoves  and  furnaces:  this  mode  of  J 
its  fonnation  is  importaiit,  for  it  exercises  a  material  influence 
njjon  the  economy  of  conibu!?tion,  inasmuch  as  all  the  carbonicj 
oxide  thus  carried  off  unburnt  represents  so  much  fuel  wasted  jj 
while  in  many  metallurgic  operations  the  carbonic  oxide  so  pRv 
dueed  plays  a  conspicuous  part  in  the  reduction  of  the  ore  to  thel 
metallic  state,  the  oxides  of  iron,  lead,  copper  and  many  othc 
metals,  being  reduced  when  heated  with  it,  whilst  carbonic  anhv'^ 
di'ide  is  fonned.     It  is  owing  to  the  pnxluctiou  of  carbonic  oxiuo 
that  anthracite  can  be  employed  in  roasting  the  copper  ores  at 
Swansea,  flame  being  essentiid  to  the  due  pert'ormance  of  the 
process  (Sf!!)).     Tlie  formation  of  carbonic  oxide  in  an  open  fire 
which  is  biuniing  steadily  -ftithout  emitting  smoke  is  ot^en  evi- 
denced by  the  flickering  blue  flame  seen  playing  over  the  glowing 
embei-s.     In  this  case  carbonic  anhydride  is  hrst  formed  at  thai 
bottom  of  the  grate,  ti'om  the  free  access  of  air  to  this  part  of  tbo] 
burning  fuel ;  but  the  carbonic  anhydride  as  it  traverses  the  red-j 
hot  coke  enters  into  comliination  with  an  additional  quantity  off 
carl>on,  and  the  anhydride,  by  losing  half  its  oxygen,  is  convert«l| 
into  its  own  bulk  of  carbonic  oxide :  at  the  same  time  the  carbtin.! 
of  the  heated  fuel  Avhich  has  enteivd  into  combination  with  this! 
removed  oxygen  furnishes  another  equal  quantity  of  tin;  same  gas: 
the  heated  «!:irbonic  oxide  takes  Are  as  soon  as  it  mixes  with  thoj 
air  which  passt^s  over  the  upper  eurtace  of  the  Are.     The  reaction] 
between  tiie  hot  carbon  and  carbonic  anhydride  may  be  thuai 
represented :  OO,  +  e  =  2  eO. 

3. — If  one  of  the  fonniates  be  treated  with  oil  of  vitriol,  pv 
carbonic  oxide  is  obtained ;  for  instance: — 

2  Naene,-(-n,se.=2  ee+Na,se,+2H,e. 

4. — Carlionic  oxide  may  also  be  formed  in  scvernl  other  wny».1 
Half  an  ounce  of  the  yeflow  prussiiite  of  iKttasb.  if  heated  in  al 
retort  with  4  or  5  minces  of  oil  K)i  vitriol,  vieldn  more  than  a  gallon 
of  the  pure  gas  (Fownci*).    Care  is  requisite  in  applying  \\w.  hcat^j 
because  when  tlic  temjterature  rises  to  ft  certain  point  the  extrica- 
tion of  the  gas  takes  pbieo  with  tumultuous  rap'dity.     The  reac- 
tion i»  iu  this  case  of  a  compliculcd  uutui'C,  but  is  expresse^l  by] 
tlie  annexed  Bymbols : — 


FBOPKBTun  Asm  ooxBoemos  or  CABBOirK)  ozmx. 


n 


F«nMi^.  pntaN. 


Wctar. 


Bi1|diaria  mM. 


K.F8  e.N,  +  6  H.e  +  6  H.se,  = 

OaftuOKMK       Salph.  potMrtaa.     Bidph.1nMk         BBlplLnw 


Bidph.1nMk 


6  ee  +  2  K,se.  +  Fese«  +  s  [(H,N),sej 

5.— Another  method  by  which  carbonic  oxide  may  be  obtained 
mth  fiuility  consists  in  heating  oxalic  acid  with  5  or  6  times  its 
veMit  of  oil  of  vitriol.  The  oxalic  acid  is  thus  deprived  of  water, 
moiB resolved  into  a  gaseons  mixture  consisting  of  ^nal  meas- 
raeid  carbonic  anhy£ide  and  carbonic  oxide :  oy  allowing  the 
mixed  gases  to  pass  through  a  vessel  filled  with  a  solution  of 
potash,  or  with  milk  of  lime,  the  carbonic  anhydride  is  absorbed, 
and  the  carbonic  oxide  may  be  collected  in  a  state  of  purity. 
13»  decomposition  may  be  thus  explained : — 

OtMntiM.         WatOT.     OirkozU*.    CtoK  aakTdridi. 

H,©,04  s=  II,0  +  ■©O    +    00, 
A  convenient  mode  of  washing  the  gas  is  shown  at  b,  fig.  289 : 

Fia989L 


the  bent  tube  is  coniiected  to  the  neck  of  the  retort,  a,  and  passes 
to  the  bottom  of  a  wider  tube,  c,  open  both  at  top  and  bottom, 
which  passes  into  the  washing  bottle,  d  :  a  moveable  gas-tiajht 
joint,  which  can  be  mounted  or  dismounted  in  a  moment,  is  thus 
obtained. 

Properties. — Carbonic  oxide  is  a  transparent  colourless  gas, 
with  a  ^int  oppressive  odour.  It  is  much  ligliter  than  carbonic 
acid,  having  a  specific  gravity  of  0*967  (\Yrede).  All  attempts 
«t  its  liquefaction  have  as  yet  been  unsuccessful.  It  is  but  very 
sparing^  soluble  in  water,  100  parts  of  this  liquid  dissolving  3-28 
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parts  ftt  32°,  and  2-43  nt  50°  (Buiiseti).     Wlien  r<-si>irc<],  cvTP 
lliuu^b  lui'ut'ly  diltitcnl  with  air,  it  acts  a**  a  direct  jioicini,  j>n»dn<'- 
iiig  a  peculiar  seusatioii  of  o|)prei^'^ioti  and  tifjlitneos  of  tlip  licad 
It  does  not  support  romhustiitn,  but  burns  itself  with  ii  bcutitifii] 
])ale  bhie  light,  producing;  by  its  combination  witli  oxvjjen  carbonic 
aidiydnde  only.     A  sohitioti  of  snbchloride  of  ooppor  in  liydro- 
<'ldoric  ai'id,  or  of  a  cnprt'ousi  salt  disc^olvt-d  in  aiiiinoiiia,  ijnKiuallv 
altsorbs  carbonic  oxide  if  aiiitiitt'd  with  it.     Tlio  solution  of  tliu 
compound  is  not  dcfoiupossecl  by  dilution,  but  if  the  Hi]u?<l   be 
Intik-d  most  of  the  gtis  is  ex]»t'lled  unaltered.     The  rompnnnd 
with  subehloride  of  eo]»pcr  crystrdiizes  in  fatty-looking  fecalea, , 
consisting  of  (OOOu'Cl  .  II,0),  bnt   by  exp<»!5ure  to  air   it  i»\ 
t|uit'kly  uocomiJOiicd.     Carlxmic  oxide  it*  abporbed  by  ])otas.>iuin 
if  tlio  metal  be  heated  to  about  1T<!°  in  the  gas,  and  according  to 
IJrodie,  the  condiinatiim  occurs  in  the  ])ro|M.irtii>n  s^hown  by  the 
fonuuln,  OOK.     Thii«  proj>erty  is  sometimes  employed  for  »e|m- 
ratiiig  curlMJuie  oxide  from  its  mixture  witli  other  inflammaulo 
gases  in  tiie  procew  of  analysing  mixture!'  of  such  gnsirs. 

Carbonic  oxido  has  been  supi)oKed  to  form  the  radicle  of  a ' 
nnmcrous  series  of  comjumnds;  it  even  enters  directly  into  com- 
bination 'with  hydrate  of  p)ota8h  when  lieate«l  with  it,  converting 
it  into  form iate  of  jK.ta-ssium  :  KIlB  +  €^=Kf^Hf),  (Berthclot). 
CatnjMMt'tKm, — The  chenn'cnl  eomjtosition  of  carbonic  oxide 
may  be  ascertaine*]  in  the  following  manner: — Intn)duce  into  the 
bent  eudiometer  (tig.  2^!1)  a  certain  measure,  say  20  parts,  of  car- 
bonic oxide,  tlien  add  ;ii>  moa-urcs  «>f  pnro  oxygen;  pa^Js  the  elec- 
tric spark  with  tiie  j)recautions  already  describetl :  the  4<i  measures  i 
of  gan  will  Ijeeome  dinnnii^heil  to  30  measures.  If  a  little  solution 
of  potash  lieiiitriiduced.  2<>  meiu^ures  of  the  residual  gas  will  dis^ap- 
pear,  leaving  10  measures  of  unaltered  oxygen:  the  2n  measure* 
of  gas  absoroed  art^  earbiinie  aidiydride.  Now  earlxmic  anbydrido 
contains  its  own  bulk  <if  oxygen,  luit  the  20  measures  of  carbonic 
oxide  have  rcquirefl  only  lu  measures,  or  half  their  bulk,  of  oxygen 
to  convert  them  iTit<t  the  anliydride.  t'arbonic  oxide  thereforo 
nniBt  have  contained  the  other  10  measures  of  oxygen ;  in  otJier 
words,  half  its  bulk  of  oxygen.  But  the  epocitic  gravity  of  i 
carbonic  oxido  is  0'!JftT4 ;  deduct  fmm  this 

0'o52S=half  the  specific  gravity  of  oxygen 

0'414fi;    this  n-mainder  is  tlie  weight  of  tlto 
carbon  combined  Mn'tli  o*r»52H  of  oxygen. 

No-wO-552s  :  O-IUU  ::  Hi  :  12.*  "Thepn»portion  by  weight  of 
oxygen  to  carbon  in  carbonic  oxi«le  i*^  iherefttre  as  1<»  to  12,  or 
1  atom  of  each,  and  its  composition  may  be  tLos  repreuentod : — 


Oftftion, 


By  weight. 
^  =  \2    or    42Sfl 
t>  =  18  MM 


By  valmn».  9p.  Or, 

2     or      1-07=   0'*U« 

1         0  5  =  o-s&2e 


1-0 


0-9G74 


Ottrb.  oxide,       OO  =  20         100  UO  2 

Carbonic  oxide  and  cwbonic  anhydride,  widoly  as  they 


rncitJncnojT  of  inrsro  Acm,    1  tS 

ipmpertiefl,  consist,  it  b  evident,  of  the  same  elamfflsts;  t)nt  th6 
pMiMjrtions  of  the  two  elements  differ  iti  tlie  two  <sa868.  Carbonic 
mim  ift  the  compound  of  carbon  that  contains  the  smallest  pro- 
prtion  of  oxjgen,  the  relative  composition  of  the  two  bodies 

being;— 

O.        O,      CftrtiBTL      Otrgea. 
Ciirboaio  oiltte  GB  =  28  or  12  +  16  =  42'86  +  6VU 

CarboDJc  anhydride    &3,  =  44       12  +  32  =  27-23  +  t3-73 

' y ' 

IniMpwrti. 


CHAPTER  y. 

QOMPOtWDS   OP   KTTKOGEK  WTTH    OXTGEK   AND  WITH   Wn^Xi&KS. 
I  I.    C&MPOCNDfi   OF   JTrrEOGEN   WITH    OXTQIBS. 

(351^)  TnE  attraction  of  nitrogen  for  oxygen  H  much  feebler 
fkj]  tlmt  of  either  earljon  or  hydrogen  for  oxv^ron,  BO  that  it  i» 
not  easy  to  procure  their  direct  union, — espeeiftlly  aa  the  tempera- 
hire  emitted  hy  the  nitrogen  and  oxygen  in  the  act  of  combinar 
tiou  k  comparatively  low.  Nitrogen,  tn  itwithsttnidine,  forms  with 
W'geu  live  distinct  eoinpoimds,  (.'ontaiiiina;,  re^jiectively,  1,  2,  3, 
4,  aniiS  atoms  of  oxygen  with  3  atoms  of  nitJtigen.  They  may 
•li  be  obtaiaed  free  from  water. 

These  compoonds  have  been  named 

By  weight  Is  100  puts. 

N.  a  mtmgoD.     Oxymn.  Mol.  toL 

HtfTOM  oxide 11,0    =    44  or  28  +   16  6364  +  36-36      ["□ 

Sitae  oxide NO     =30      14  +   16  46-67   +  53-33      iTl 

Nifroas  anhydride N.O,  =    7«      28  +  48  36-85   +  63-15 

Pwoxide  of  nitrogen N.e,  =    92      28  +  64  3044  +  6956      QH 

Bitric  anhydride N,e»  =  108      28  +  80  26-93   +  14-07 

(359)  Ntieio  Aero;  HNO,,  or  HO,NO.  =  63:  Sp.  Or.  of 
Lijuid,  I'SIY;  Boiling-pt.  184°. — ^The  most  hnportant  of  the 
compounds  of  oxygen  with  nitrogen  is  that  which  when  in  com- 
bmation  with  water  was  formerly  called  aquafortis,  and  is  now 
dedgnated  nitric  acid.  It  was  known  to  the  alchemists,  but  its 
true  composition  was  first  determined  by  Cavendish  in  1785. 
When  nitrogen  is  mixed  with  12  or  14  times  its  bulk  of  hydrogen, 
and  a  jet  of  the  mixed  gas  is  allowed  to  bum  in  air  or  in  oxygen, 
the  water  which  is  fonned  has  a  sour  taste  and  an  acid  reaction, 
owing  to  the  simultaneous  formation  of  a  small  quantity  of  nitric 
acid.  In  this  case  the  nitrogen  bums  by  the  aid  of  the  heat 
developed  during  the  combustion  of  the  hym-ogen,  and  the  oxidized 
compound  combines  at  once  with  the  water  formed,  which  much 
increases  its  chemical  stability.  It  was,  indeed,  o%ving  to  the  acci- 
dental production  of  nitric  acid  in  the  course  of  his  experiments 
on  the  formation  of  water  by  the  combustion  of  hydrogeii,  tXiat 
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Cavendish  was  indaced  to  institate  the  train  of  reBCftrchea  whidi 
terminated  in  this  important  discovery. 

If  two  volumes  or  nitrogen  be  mixed  with  6  volumes  of  oxygen, 
and  introduced  into  tlie  bent  eudiometer  (fig.  281]  and-  the  tube 
be  filled  up  with  an  infusion  of  blue  litmus  in  distilled  water,  a 
series  of  electric  sparks  may  be  transmitted  through  the  mixture 
by  means  of  a  Kuhmkorff 's  coil :  under  these  circumstances  the 
two  gases  will  combine  slowly,  and  the  litmus  will  be  reddenei 
The  heat  of  the  spark  detennines  the  combination  of  the  gsM 
just  at  the  spot  through  which  it  passes,  but  the  action  doeB  aot 
extend  further.     In  like  manner,  if  a  number  of  sparb  be  piwl 
from  the  electrical  machine,  between  two  metallic  pointy  o^ 
moistened  litmus-paper,  in  air,  a  red  spot  will  be  produced  iqpoa 
the  paper,  owing  to  the  formation  of  nitric  acid  in  nunnte  qniih 
tity  by  the  combination  of  oxygen  with  nitrogen  in  preeenoe  of 
aqueous  vaponr  in  the  air.    During  stormy  weather,  and  indeed 
wuenever  a  flash  of  lightning  passes  through   a  moist  atmos- 
'phere,  the  same  compound  is  produced  in  appreciable  quantity. 
Indeed,  it  is  rare  to  meet  with  rain  water  m  which  traces  of 
nitrate  of  ammonium  may  not  be  detected,  if  the  experimoit  is 
made  with  accuracy.     Ammonia  likewise  yields  nitric  acid  under 
certain  circumstances  by  slow  oxidation  (369). 

This  oxide  of  nitrogen  also  occurs  in  combination  with  potas- 
sium or  sodium,  in  the  fonn  of  an  efflorescence  on  the  soil,  espe- 
cially in  tropical  climates,  as  in  some  parts  of  India  and  Fern. 
The  compound  formed  with  potassium  constitutes  the  nitre  or 
saltpetre  of  commerce.  The  nitrates  of  the  alkaline  metals  are 
often  present  in  the  water  of  wells  in  towns  or  in  the  vicinity  of 
cemeteries,  tlie  nitric  acid  being  in  these  cases  produced  by  the  oxi- 
dation of  azotized  animal  matters,  as  they  undergo  decomposition 
during  the  percolation  of  their  aqueous  solution  through  the  soil. 

Preparation. — It  is  from  one  of  the  nitrates  that  the  acid  » 
always  obtained  for  chemical  purposes.  Wlien  nitrate  of  potas- 
sium is  heated  with  a  powerful  acid,  such  as  the  sulphuric,  mutual 
decomposition  occurs.  The  potassium  and  hydrogen  change 
places,  forming  sulphate  of  potassium  and  nitrate  of  hydrogen,  or 
nitric  acid.  The  sulphate  of  potassium  remains  in  tlie  retort, 
whilst  the  more  volatile  nitric  acid  distils  over,  and  may  be  con- 
densed in  the  usual  manner.  The  method  of  procuring  nitric  acid 
offers  a  good  example  of  the  general  principle  uix>n  which  acids 
which  admit  of  being  distilled  without  experiencing  decomposition 
are  obtained  from  their  salts.  In  preparing  nitric  acid  on  the 
small  scale,  equal  weights  of  nitre  and  oil  of  vitriol  are  placed  in 
a  glass  retort,  and  the  distillation  is  proceeded  with  in  the  manner 
shown  in  figs.  136  and  137^  Part  I.  p.  307. 

During  the  distillation  red  fumes  appear  in  the  retort,  arising 
from  a  partial  decomposition  of  the  acid,  and  a  fonnation  of  some 
of  the  lower  oxides  of  nitrogen,  whilst  a  yellowish  corrosive  liquid 
is  condensed  in  the  receiver :  this  liquid  is  concentrated  nitric 
acid  (UNO,)  ;  it  fumes  strongly  in  the  air,  and  emits  a  powerful 
imtating  acid  odour. 
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BATIOX. 


On  the  larwe  scale,  iron  rotort*.  fig.  21)<>,  coatwi  with  firo-cJuy 
on  die  iusiile  of  the  ui>[»er  part,  where  they  ai'e  e.\]x>sii'<l  t<>  thoHeid 
rajHiuj*,  are  einplnyftl  for  the  distillation,  ami  nitruto  of  s<i(.liuiii 
i*  etjliifituted  for  nitrate  of  iKitiu-.^iuui,  >ig  it  is  a  i'Iiea|»fr  b:iU,  aiid 
likewise  jiclda  9  \ivr  cent,  more  nitric  acid  than  nitrate  of  pt>ta8- 


of  w 


sum.  The  cylinders  or  rotorti;  are  arrancrod  in  pairs  in  a  fumjic-p, 
no  tliat  each  tire  heats  two  cyiiiidors,  lus  shown  in  the  secrion,  1. 
Tlip  cvlinders  are  sii|>plie<t  witli  a  moveahk'  li<l,  /•.</,  at  oiK'h  end. 
Tilt  nitrate  in  introdiici'd  into  the  retort,  a,  thronjxh  the  o|H'nin}^ 
tf,  whieh  is  cIos-imI  during  tlie  dirJtillation  hv  a  ■^tone  lid,  fitted 
Jcurately  to  the  ai»erture ;  anil  tiie  oil  of  vitriol  is  added  hv  a 
fonnel  at  e,  at^er  the  retort  is  closed.  As  soon  as  the  aeid  is 
iutnuUiocd,  the  funnel  is  withdrawn,  and  the  openingat^'ifi  closed 
with  a  plufj.  The  nitric  aeid  n.'^  it  distils  over  ]»a'^Rei>  throuf^h  the 
f.  and  is  condensed  in  a  .series  of  stiineware  lK>ttles,  the  first 
lich  is  seen  at  B.  The  aeid  M-hich  is  eolleetefl  in  the  first 
reci'ivpr  is  always  contaminated  with  sidj)hune  acid,  and  that  in 
the  lnKt  i*  rather  dilute,  as  water  is  placed  in  it  to  condense  the 
ttitnins  fumes. 

Uixm  tlie  large  scale  it  is  enstomarv  to  employ  a  proportion 
of  sulphuric  acid  smaller  than  that  used  when  the  difetillation  is 
pcrt'onned  in  j^huw  vessels,  for  it.  is  quite  pospiVde  to  effect  a  com- 
ploli'  decoiTijvosition  of  the  nitrate  hy  heatinjcc  it  with  one-half  its 
weij^lir  of  od  of  vitriol  Under  these  circumstances,  however,  a 
higher  temperature  is  needed  to  ex])el  the  last  p*ortions  of  aeid,  and 
Jiisiticrahle  ouantity  of  the  nitrio  acid  is  thereby  decomposed 
wjL*re<l.  Tne  re:*idue  in  the  retort,  when  the  etnaller  quan- 
fitj  of  Bulphuric  acid  is  used,  is  much  less  soluhle  in  water,  and 
consequently  is  much  uiore  difficult  of  removal :  but  in  the  iron 
cyliiKler  of  the  mnnufacturer  this  is  of  no  moment,  because  the 
saline  m»s^  can  easily  be  detached  by  the  use  of  iron  tools  when 
the  distillation  is  at  an  end. 

Tlio  eautte  of  theao  difierencea  in  the  result  of  the  processes 
Optfd  on  the  larfje  and  smuU  scale  lies  in  the  fact  that  buI- 
I>htiri(;  acid  by  its  reaction  upon  jwtash  fjives  rise  to  two  different 
'■ulpliates,  one  of  which  ci>ntains  twice  ftj?  much  potassuim  a*  \.\\<i 
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other ;  the  acid  sulphate  consisting  of  KHSO4,  while  the  nentnl 
sulphate  contains  K,SO,. 

When  nitre  and  Bulphoric  acid  are  mixed  in  the  proportion  of 
equal  weights,  the  acid  sulphate  of  potassium  is  obtained,  and 
nitric  acid  distils  readily ;  tlie  change  is  represented  in  the  follow- 
ing equation : — 

Bolptamio  Nttrle  Add  mlphst*  gf 

Nitre.  Mid.  Mid.  potaMhnn. 

KNe,     +      H,ee«      =      hno,      +         khso, 

or  E:0,N0.     +      3(HO,80,)     =      HO.KO.       +       KO,HO,3S0,; 

but  if  the  nitrate  be  mixed  with  sulphuric  acid,  in  the  propwtkHi 
of  2  equivalents  of  each,  the  decomposition  takee  place  in  two 
successive  stages ;  in  the  first  of  these,  half  the  nitre  only  is 
decomposed,  and  a  gentle  heat  only  is  needed  for  the  distillatioa 
of  the  nitric  acid  so  produced.  The  following  equation  may  be 
employed  to  represent  this  part  of  the  change : — 

Sulphaite  mtrid  Add  nilplute  at 

Nltr«.  add.  NHn^  add.  potaaAun. 


2  KNe,+  H.S^,  =  KNO,  +  HNO,    +    KHSe« 

As  soon  as  the  first  half  of  the  nitric  acid  has  passed  over,  the 
temperature  begins  to  rise,  and  the  i^id  sulphate  of  potassium 
reacts  on  the  undecomposed  nitre ;  the  second  half  of  the  nitric 
acid  is  liberated,  but  at  the  same  time  is  partially  decomposed, 
particularly  towards  the  end  of  the  operation :  the  whole  of  the 
potassium  remains  in  the  retort  in  the  form  of  the  sparingly  solu- 
ble neutral  Bulphate.  This  second  stage  of  the  decomposition  is 
exhibited  in  the  subjoined  equation  : — 

Add  milpbate  of  NItrle  Sulphate 

Nitre.  potaMlum.  add.  ofpotaadam. 


KNO.    +    KHSO.  =  ILNO.  +  K.SO, 

Nitric  Add  (monohydrate),  HNO, ;  or  IIO,NO, :  Sp.  gr.  of 
liquid,  1-517,  at  69° ;  loiling-pt  184° :  Comp.  in  100  parts, 
N.O.,  85-72 ;  H.O^  14-28.— The  acid  which  is  obtained  by  the 
foregoing  process  is  of  a  yellowish  or  red  colour,  owing  to  the 
presence  ot  some  of  the  lower  oxides  of  nitrogen  ;  these  may,  if 
necessary,  be  got  rid  of  by  mixing  the  acid  with  an  equal  bulk  of 
oil  of  vitriol,  and  submitting  the  mixture  to  distillation.  K  the 
first  portions  be  collected,  and  gently  warmed  while  a  current  of 
dry  air  is  sent  through  the  acid,  sheltered  from  strong  daylight, 
the  acid  may  be  obtained  as  colourless  as  water,  and  quite  rreo 
from  the  lower  oxides  of  nitrogen.  It  is,  however,  so  unstable  in 
this  concentrated  form  that  it  cannot  be  redistilled  alone  without 
experiencing  partial  decomposition.  When  exposed  to  the  sun^s 
light  a  similar  efiect  is  produced  ;  oxygen  gas  is  evolved,  and  the 
acid  becomes  coloured  owing  to  the  tbnnation  of  lower  oxides  of 
nitrogen.  When  pure,  nitric  acid  is  a  colourless,  limpid,  fuming, 
jwwerfiiUy  corrosive  liquid,  which  freezes  at  about  — 40°.  It 
begins  to  boil  at  184°,  but  the  temperature  rises  gradually,  owing 
to  the  decomposition  of  the  liquid ;  oxygen  and  nitrous  fumes  are 
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olTcd ;  the  boilinf^-point  continues  to  rise  slowly  till  it  reaches 
",  at  wliidi  j>.iirit   the  aci<i  in  tlie  retort  has  a  coiiipositiou 
jjpmuchijig  ti>  {-2  IIXO,,  3  n,0),  and  distils  un('.hant;e<l. 

Owing  to  the  facility  wth  which  the  acid  part*  witkoxrgen,  it 

icontinuiiUv  employed  as  an  oxidizing  a^ent.     If  it  he  dropped 

t<)  hot  finely  |Miw<lered  charcoal,  the  diarcoal  hums  vividly;  if 

lie  mixed  with  a  little  oil  of  \'itnol,  and  ponred  into  oil  of  tnr- 

eutiue.the  mixture  burets  intu  tlanie.     Sulphur,  phosphorus,  and 

Jine  are  oxidized  hy  it,  the  ph<i:ri)iioni!i  almost  with  expU>si\'e 

olence.     Nitric  acid  is  one  of  the  most  eoiTtjtiive  euhstaiicea 

wira.    It  rapidly  destroys  all  animal  textures,  and  if  somewhat 

diluted  stains  the  skin,  wool,  feathers,  and  all  alhiirainons  Ixtdies 

of  alright  yellow  colour.     I'he  acid  in  a  somewhat  dilnted  titate 

ii  imieed.  otYen  used  to  impart  a  permanent  yellow  dye  to  woollen 

nicen  goods.      Nitric  acid  act*  Nnolently  upon  tin  or  iron 

.-.  especially  if  they  be  previou.sly  moi^^tened  with  a  few 

<ii'Mi>s<>f  water;  and  indeed  it  attacks  most  of  the  metals  except 

pjlJ,  platinum,  rhixlium,  and  iridium  :  but  it  is  most  active  upon 

tlit^rn  when  diluted  to  a  specitie  gravity  of  from  1'35  to  1-25. 

Tlie  action  of  nitric  acid  u|>on  the  inctaln  varies  with  its  tcinpora- 

toreand  det^ree  of  dilutiiMi.    The  pure  concentrated  acid,  UNO,, 

!"ii't  without  action  upon  tin,  iron,  bismuth,  and  many  other 

at  ordinary  temperatures.     The  i»reriencc  of  nitrous  acid 

Jii  die  nitric  acid  greatly  increases  its  oxidizing  power,  for  owing 

t'i  the  instability  of  nitrous  acid  this  compound  fiarts  with  its 

•!  very  readily.     At  a  temperature  of  0°  the  acid,  whether 

;  .  -:;trated  or  dilute,  is  without  action  on  copper,  but  it  dissolves 

eiiH'  rapidly. 

iSinii)  Action  of  Acids  on  Me(<d«. — The  chemical  action  of  nitric 
acid  upon  the  metals  is  a  j)rocess  of  considerable  ira])ortance,  but 
in  order  to  study  with  advantage  the  effects  to  which  it  gives  risa 
it  will  be  useful  to  consider  the  action  of  acids  upon  the  metala 
frwm  a  general  point  of  view.  It  hfis  ah'eady  l>een  stated  that  the 
metals  unite  directly  with  many  of  the  non-metallic  elements,  such 
Mchlorine,  oxygen,  and  sulphur.  Antimony,  for  example,  will  take 
fire  apontaneously  if  allowed  to  fall  in  tine  ptjwder  into  t'!di>rine. 
Iron  will  bum  in  oxygen  if  first  heated  to  tlio  jioint  of  ignition  ; 
M'l  cipper  turnings,  if  mixed  with  powdered  sulidiur,  will,  on  the 
«pplioation  of  heat,  combine  with  the  sulphur,  and  will  emit  during 
lion  a  vivid  light.  The  metallic  oxides,  when  presented  to 
I  lis,  become  quickly  dissolved  ;  oxide  of  copper  is  brought 

I  into  s.jlution  by  dilnted  suli)hui-ic  acid,  oxide  of  zinc  quickly  disajp- 
^Jjurs  when  agitated  with  hydrochloric  acid,  and  oxiae  of  lead  is 
^■j>Idly  dissolved  by  acetic  acid. 

^^  But  a  metal  will  not  unite  directly  with  an  anhydride.  Union 
between  a  metallic  oxide  and  an  anhydride  may,  however,  occur, 
(lioiigli,  even  then,  the  action  is  much  favoured  by  the  presence 
of  Water.  Sulphuric  anhydride,  for  instance,  does  not  act  upon 
iroa,  but  the  anhydride  is  immediately  al)sorbed  by  caustic  potash, 
""O -1- SO,  liecoraing  KlISO. ;  and  in  like  manner,  carbonic 
ijrdj'ide  is  rapi<lly  absorbed  hy  slaked  lime. 
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"When  the  nietalis  (ire  iire^entod  to  the  acids  otlicr  pliontill 
arc  i)l.i>iervc'(l ;  a  brisk  actiuii  livfjiiuntly  tukon  place,  ivconnj* 
hy  t'"^  pviiliition  of  a  iia-",  and   it  i«  very  ot^eii  stated  that  th'^ 
metal  fir»t  liecoiiieii  oxidized,  and  is  then  dissolved  by  tlie  Hci(L 

It  h  not,  however,  nccessarv  to  aR-«inne  that  theini-tnl  alMra^l 
mulcrf^oes  nxidntirm  us  a  ])rel]iniiiftry  step,  for  it  may  be  suppoftcv' 
that  tlie  laetal  dimply  di?phices  the  hydntii^eii  of  tht'  acid,  vv  her 
fur  example,  zinc  is  placed  in  diluted  sulphuric  acid,  the  metal  ij 
dissolved  with  rapidity,  wliiUt  Iiydrotrcn  eseapes  in  the  jja-icon 
form;  ir,SH,  +  rnx  yifldins;  iSiiSO,  +  H,.  A  similar  result  \i 
obtained  when  iron  or  tin  is  dissolved  in  hydrochloric  aei«l,  furrom 
or  st4vuuon*  chloride  l)eiug  ])roduced,  whiUt  hydrogen  is  iriver 
off*  the  reaction  in  the  case  of  iron  bein^:  2  IICI  +  Fe  =  irvCl 
+  II,.  When  an  oxide  is  employed  instead  of  a  metal,  tli( 
livdrogen,  instead  of  t^scapiiig  a**  ga*,  is  elitninated  in  the  form  of 
water  ;  for  instance,  in  the  action  of  oxide  of  zinc  ujum  smljditirid 
acid,  the  change  may  be  represented  Jis  /5u0  ■+■  H,SO,  =  /SnSOJ 
+  ir,0;  and  again  with  oxide  of  copper  and  hydnx'hloric  acic 

One  +  2  IICI  =  euci,  +  ii,o. 

The  ordinary  a<!tion  of  metals  upon  sulphuric  acid,  in  which  tl 
components  of  the  acid  are  iituted  by  powerful  chemical  ties,  is,  i 
we  have  just  seen,  comparatively  simple;  but  where  the  elemetit 
of  the  acid  are  but  feebly  held  together,  as  is  the  case  with  nitric 
aei<l,  the  reactions  are  ot\en  m<ire  com[)licated.  When,  for  example 
silver  or  copper  is  dissolved  in  nitric  acid,  hydrogen  may  ar<  belorc 
be  displaced  from  the  acid  by  the  metal  which  becomes  dissolved  ; 
but  owing  to  the  facility  with  which  nitric  acid  j>arts  with  hi 
oxygen  no  hydrogen  is  set  free — for  at  the  moment  of  its  lilteratioijl 
it  becomes  oxidized  at  the  exjiensc  of  the  elements  of  the  nitric 
acid— one  of  the  lower  oxides  of  the  nitrogen  is  formed,  and  occa- 
sions the  disengiigenumt  of  ruddy  fumes  instead  of  the  colourloiig 
and  intlanmiable  hydrogen.      In  many  instances  it  is   ]>robabl« 
that  the  radicle  of  the  acid  itself  is  deoxidized   l)y  tlie  direct! 
action  of  the  metal,  the  oxide  of  the  metal  then  forming  a  salt 
with  the  andecomposed  portion  of  acid  by  double  decomT)osition,l 
as  already  explained  wnere  an  oxide  nets  upon  an  acid  : — for 
example,  when  metallic  Bilver  acts  upon  heateu  nitric  acid,  a  jtor- 
tion  of  the  acid  furnishes  oxygen,  disengaging  nitric  oxide,  whilst 
the  freshly  forme<l  oxi<lc  of  silver  reacts  uixtn  another  portion  of  th< 
acid,  Ag.O  +  2  HNO.  ^-iel.ling  11,0  +  2  AgXO..    The  exa<»t 
nature  of  the  decomposifiotJ,  however,  varies  in  diH'ercnt  canes;  sil- 
ver when  allowed  t«  become  dissolved  slowly  in  the  cohl  in  an  exc< 
of  diluted  nitric  acid  produces  nitrous  acid  (HNO,)  which  remair 
in  solution  :  2  Ag  +  3  UNe.  giving  3  iVgNO.  +  H,e  4-  HN^J 
an<l  the  metal  is  dissolved  without  evolution  of  gas ;   a  similiun 
efliH't  is  also  produced  by  palhidium.     AVitli  metals  wliii:h  attnulcl 
the  acid  more  >  'y,  such  as  copper  or  mcn-ury,  nitric  acic 

of  modorate  <■  'ion  (sp.  gr,  l'*2o  to  1'3)  dis«'ntra<:es  nitric 

oxide  in  large  (pianiity:  for  example,  .S  <3u  -f  H  UNO,  vielila 
S  NO  +  3  rfeu  2  Ne,>*4-  4  H,0  :  but  if  the  ncid  Ihj  more  liighl.'H 
coiicuntratcu  (sp.  gr.  1*42),  |Feruxide  «f  nitrfrgen  i»  didengiigvcl 
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nkn^luntly  ;  611  +  4  nXO,  yielding  Gu  2  NO,  +  2  NO,  f  2  11,0. 
Aiul  wIkmi  tlie  decouiptisition  oecuiy  at  a  liij^li  tpmpfratuiv,  IVt-o 
niti\>j^u  is  usually  dis^nga^red  in  considerable  (iiiutitity,  the  acid 

'  .  'ingi'omjilete  deoxi^latiou.  If  tlie  motai  liius  11  ntili  more 
i  •  nirtioii,  lis  zinc,  tor  example,  tlie  at-id  wlien  diliite  yielda 
ailiuiL-' oxide  aniontiist  its  ga-^eous  products;  b'£n  -f  lo  UNO,  = 
X,0-t-  +  (Zn  2  NO,)  -f  4  li,0.  When  zinc  or  tin  iti  used  with 
II rlniiiijer  acid,  ammonia  is  amonpst  tlic  prodm-t-^ ;  for  in-itance, 
4Zii  +  y  UNO,  =  4  (J5n  2  NO,}  +  3  II.O  +II,N,  tlie  lunmoiiia 
i;uuil)iiiiug  with  the  excess  of  acid  employed, 

IMI]  JJydrate.8  of  Niirio  Atyid. — It  is  doubtful  whether  any 
(k'liriitt'  hy<lnite6  of  the  acid  ILNO,  really  exist.  When  concen- 
tr»lf<l  nitric  ncid  is  expose<I  to  the  air  it  iiljsorb.s  moi,-stiii'e,  and  if 
"'•  pMPt>  of  the  concentrated  acid  be  mixed  with  3o  of  water  it 
I  Kcnsible  amount  of  heat.  Many  cheMiiMts  JR'lieve  that  a 
of  jiitrie.  acid  of  considerable  stability  U  tbriiiiHl  under 
tlie*  circumstances,  and  that  it  hiw  a  comiH>silion  repre>?entcd  by 
llie  formula  (2  UNO,,  'i  U,0.)  This  hydrate  wouhl  contain  »W 
per  cent,  of  the  anhydride  N,0,  and  4<)  of  water :  such  an  acid 
liiis  a  sp.  gr.  of  1'424;  it  Iwils  at  250°,  and  may  be  distilled 
nii(i«?r  Drdiriary  pressures  apparently  unaltered.  A  weaker  acid 
when  licate<l  parte  with  its  water  till  it  arrives  at  this  density, 
auila  f^troiiger  acid,  when  distilled,  als<;t  loses  acid  until  reduced 
to  iJiis  point,  the  liqmM  in  the  retort  eventually,  in  both  cti-ses, 
ttwjuiriiig  a  density  of  1"424.  This  apparent  stability  di>es  not 
««em  to  be  due,  however,  to  the  existence  of  any  true  hydrate, 
l«it  to  the  parlicnlar  relation  of  the  density  of  the  vajiour  of 
nitric  acid  to  that  «jf  >vater  under  a  pressure  of  30  inches  of 
merenry ;  for  by  condueting  the  distillation  at  reduced  pressures, 
^Mvix^  found  that  tlie  density  of  the  aci<l  in  the  retort  has  no 
real  tixei^l  point,  and  that  an  acid  may  be  thus  obtained  which 
does  nut  corrci^pond  in  composition  to  any  delinite  hydrate,  but 
that  the  proport ion  of  water  varies  with  the  pressure  under  which 
the  hoiling  takes  place. 

The  table  on  the  following  page  indicates  the  per-centage  of 
nitric  anhydri<le,  N,0»,  of^en  called  dry  nitric  aci<l,  contained  in 
aqii&ius  solutions  of  nitric  acid  of  various  specific  gravities. 

i;'«f*i2  Xitric  Anhydride;,  or  Anhydrous  Nitrh^  Acid  (N,0,). 
Fm,,/)  pt.  85°;  Boiling  pt.  113°. — This  substance  is  a  very 
uintable  compound,  which  may  be  obtained  in  the  form  of  jwr- 
fecily  transparent,  brilliant,  colourless  crystals,  derived  from  the 
righf,  rhombic  prism  ;  they  melt  at  85°  and  boil  at  113°  :  at  about 
tlie  temperature  last-named  the  compound  begins  to  undergo 
deotmibosition.  Sometimes  the  crystals,  even  if  kept  in  sealed 
lul)es  becoiue  decomposed  at  the  ordinary  atuinspheric  temperar 
'nro.  and  the  ti.be  bursts  with  a  dangerous  exjilusiun  fri»Mi  the 
'!  exerte<l  by  the  lilierated  gases.  The  crystals  are  dis- 
rapidly  by  water,  emitting  much  heat,  and  protlucing 
onimary  hydrated  nitric  acid. 

In  order  to  procm-e  the  anhydride,  a  uniform  current  of  \>ev- 
feflly  <h"\  chlorine  ^as  is  transmitted  very  slowly  over  cryalaAii  oi 
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Sit 

renfftJi.  of  Nitric  Acid  ( Ure). 

S|K>ciflo 

N,0»  in  100    j 

Specific 

N,0,  in  100 

gruvily. 

parts  by  weig;ht. 

gruvity. 

parts  by  vreitjht 

l-SOOO 

70-700 

1-2887 

390S3 

1-4940 

77-303 

1-2705 

36-662 

i-4sr.o 

74-918 

1  2523 

3-1-271 

1-47  (50 

72-527 

:-234l 

31  880 

1-4G"« 

70-136 

1-214S 

29-489 

14170 

67-745 

11958 

2T098 

1  4460 

6J-334 

1-1770 

24-707 

1  •13413 

62-0G3 

1-1587 

22-316 

]-4il2S 

60-572 

1-1403 

10925 

1-41U7 

5S181 

1  1227 

17  634 

1-3978 

55-790 

1-1031 

15-113 

1-3833 

53399 

1-0878 

12-752 

1  3fl8l 

51068 

1-0708 

10-381 

13529 

48'6n 

10540 

7-970 

l'a378 

4«'226 

1  11375 

6'679 

1-3216 

43-835 

1-0212 

3-188 

1-3056 

4r+u 

10053 

OTST 

well-dried  nitrate  of  silver ;  the  ealt  is  at  first  heated  to  ahoT 
200°  till  tlie  deoompositiuii  has  couuuencod,  and  tlie  ternpcratnr 
18  then  lowered  to  ubaut  1511'^.  The  operatiun  ia  one  of  consider- 
able delicacy,  and  requires  attention  tu  a  nuinljer  uf  minute  pre- 
cautions, for  the  details  of  which  the  reader  i*  referred  Xo  UoWtle'a 
paper  {Ann.  de  Chimin,  III.  xxviii.  241).  The  chlorine  disjdaeefi 
the  nitric  acid  radicle  from  tlie  nitrate  of  silver;  chloride  of  s^ilvei 
is  formed,  and  tlie  radicle  breaks  up  into  nitric  anhydride  whilst 
oxviicn  c#ca|^»es.  By  Burrounding  tlie  receiver  with  a  free«ir 
mixture,  the  nitric  anhydride  is  condensed  in  crystals.  Th« 
decomposition  may  be  representeil  in  the  following  mannerJ 
though  it  is  probably  not  quite  bo  simple*  : — 

NItrkU  of  ftlT«r.  Chlor.  tItTor,  KItrie  anbfdrid*. 

4  AgXe,  +  2  CI,  give  4  AgCl  +  O,  +  2  N,0.. 

Deville   ascertained  the  enmiK>9ition  of  nitric  anhydride  by 
egtimatinjr  the  fpiantitv  of  nitrogen  which  a  given  weight  of  tni 
componn<l  furnished  alter  the  oxygen  had  Iwen  remuvea  I'mm  itb} 
transmitting  \U  vapours  over  finely  divi<k-d  metallic  cojiper,  whicl 
at  a  liigh  temperature,  ennd>ine8  mpidly  with  the  oxygen.     !<► 
parts  by  weiglit  of  the  anhydride  were  tlina  found  to  contain  25'dj 
of  nitrogen  ;  tlie  detieieucy,  74-1,  is  oxygen  :  or  28  parts  of  nit 
gen  are  united  with  SO  of  oxygen. 

(3<53)  Comnnm  Irni»irtfi<t«  of  (ha  Aoid. — The  nitric  acid 
commerce  is  liable  to  be  eontuminated  witli  a  variety  of  foroi£ 
matters,  of  which  Huliihurie  acid,  chlorine,  potash,  and  oxide  tii 
iron  are  the  must  frequent.     Its  usual  yellow  ur  red  colour 
owing  to  the  pre.sence  of  aome  of  the  lower  oxides  of  uitrogec 

•  PwRilily  n  nitrio  oxyckloriJe  ig  formeii  flrnl,  thuii:— S  A|eK0i  +  S  H,  =  3  A| 
f%  No«CI  -»-<>t.  'nil  tlMiu  this  nitric  oxrcliluride  *l»oompoaMi*MOaiid  ittutn  uf  i ' 
of  «Uvar;  AgNe(  +  Ne,a  =  AgCl-rX,»:t.. 
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If  pure,  it  leaves  no  fixed  residue  when  evaporated  on  a  slip  of 
gUaij,  aud  i^ivoA  iio  precipitate  when,  after  dihition  witli  three  or 
firtirtiuios  itp  bulk  of  water,  it  is  tested  lor  sulphuric  a*.'.id  with 
nitrate  of  barium,  and  tor  eliloriue  with  nitrate  uf  silver.  By 
di!.tilliiiij  it  a  see.nnil  time,  it  may  readily  he  obtained  of  specilic? 
vity  142,  and  fi'ce  fri>ni  all  iinpnrltie»  except  the  lower  oxides 
niti>>}ren.  Jf  chlorine  be  present,  nitrate  of  silver  may  biir 
«ilile<l^«i  long  as  the  siilver  salt  occasions  a  precipitate,  or  a  silver 
roin  may  be  diseulved  in  the  acid ;  after  which  the  recti ricatiou 
m»y  be  pn.iceeded  with.  The  lower  oxides  of  nitfogen  may  be 
removed  by  diluting  the  acid  with  water  till  of  a  sp.  gr.  not 
eiceetiing  142,  and  then  distilling  with  2  or  3  per  cent,  of  the 
wit]  chrcjinate  of  potassium, 

N'Uriit'e^. — Nitric  acid  is  monobasic;  that  is  to  Bay,  each  atom 
of  acid  requires  one  atom  of  a  monad  metal  like  potassium  to  neu- 
tnlize  it ;  the  salts  which  it  forms  are  termed  nitrated.  Their  gene- 
ts] formula  is  M'X0,.     These  salts  may  be  procured  without 
difficulty  by  dissolving  either  the  metal  itaeltl  or  its  oxide,  or  its 
carbonate,  in  nitric  acid  more  or  less  diluted.    Many  of  the  nitrates, 
incln(liug  those  of  potassium,  sodium,  ammonium,  bariimi,  lead. 
Hid  silver,  are  anhydrous.     Others  combine  with  6  atoms  of  water 
of  crviitalHzation ;    among   these  are   the  salts   of   magnesium 
(Mjr2NO,  .6  II.O),   zinc,   nickel,    cobalt,   iron,   and   copper; 
whihf  in  others  the  prA)rtion  of  the  water  is  different,  nitrate  of 
iril.iiini  retainiTig  4  11,(5,  and  nitrate  of  strontium  5  H,0.    If  crys- 
at  a  high   tem|ierature,  nitrate  of  copper  retains  only 
•'  ii,*.»,  and  nitrate  of  strontium  may  be  obtained  in  the  anhydrous 
fmm.     No  acid  nitrates  are  known  to  exist,  but  several   basic 
-  may  be  ]>rocured ;  that  is  to  say,  salt£  may  be  formetl 
lutaiu  more  than  one  equivalent  of  ba&e  for  each  equiva- 
Itiii  uf  .leid  :  such,  for  instance,  aa  basic  nitrate  of  copper,  (Ou  2 
^.  .3f=ueH,e.) 
|The  following  table  gives  the  composition  of  some  of  the  nitrates : 

NaNe, 
H,N  NO, 


■te  of  potasRiiiro 
audium 
luniuoDium   . 
bjirium 
strontium     . 
caluiirai 

sine     . 

Iron 

copjier 

l«ita     . 

•ilfer  . 

siroiw  nilratc 

lie  qJ  I  rate  of  Ivivi 

»ic  nitrate  of  copfier 

■  tturcurous  nitrate 


Ha  2  N«, 

Sr  2  NOi  ,  5  H,e 
ea  3  Ne.  .  4  E,0 
Mg  2  Ne,  .  6  H,e 
In  2  Ne,  .  6  H,e 
Fe  2  Xe,   .   6  H,e 

en  2  Ne,  .  6  H,e 
Pb  2  Ne, 

AgNe, 

.  H(?Ne,  .  H,o 

Pb  2  Ne„  PbH,e, 

€u  2  NO,.  3  <JuH,e, 

3HgNe,  .  Hgiie 


KO,  NO. 
NaO,  NO, 
H.NO,  NO, 
BaO,  NO* 
8rO,  NO,    . 
CaO,  NO.    . 
MgO,  NO.  . 
ZnO,  NO,   . 
FoO,  NO,    . 
CuO,  NO,   . 
PbO,  NO. 
A«0,  NO, 
Bg,0,  NO.  . 

3  Pb  0,  NO, 

4  CuO,  NO. 


6  HO 
4  HO 

6  HO 
6  HO 
6  HO 
6  UO 


HO 

no 

3  UO 


4  Hg,0,  3  NO.  .  HO 

[Most  i)(  the  nitrates  fuse  readily  when  heated  :  at  an  elevated 
iM/Tiiture  they  are  all  decomposed.  At  first,  from  the  nitrate;; 
he  alkalies,  oxygen  nearly  pure  escapes,  and  nitrite  is  formed  : 
rwanls  tlie  nitrite  undergoes  deconqMsition,  a  mixture  of 
[pen  and  nitroo'en  pag^ing  off,  and  in  most  cases  the  pure  o\\OLki 
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of  tJie  metal  is  left.  "Wlien  thro>ni  on  glowing  coals,  the  nitnto 
are  decomposed  with  scintillatioti :  if  paper  be  moistened  with  ^ 
soliitiun  of  any  nitrate,  allowed  to  dry,  and  then  burned,  tihi 
Bmuuldering  combustion  characteristic  of  tonch-paper  will  be  po- 
duced.  This  property  is,  however,  also  exhibited  oy  the  salts  i( 
some  other  acids,  of  which  the  chloric  is  the  most  important 

All  the  nitrates,  when  heated  with  sulphuric  acid,  evolreiutrie 
acid ;  but  there  is  no  ready  method  of  precipitating  nitric  acut 
Irom  iU  solutions,  since  all  its  compounds  are  dissolved  by  wator 
more  or  less  freely.     Various  indirect  methods  have  been  propoaed 
for  Bi^certaining  its  presence.*    One  of  the  best  of  these  ooBsiii 
in  neutralizing  the  solution,  if  acid,  with  potash,  and  evapontiig 
nearly  to  dr^-ness  :  then  adding  a  few  copper  clippings,  andheatl^ 
the  iiiLxtiire  with  a  little  oil  ot  vitriol :  the  copper  oecomposes  tUB 
nitric  acid  if  present,  and  characteristic  red  fumes  of  peroxide  of 
nitrogen  show  themselves.    A  quantity  of  these  fumes,  too  BBiill 
to  be  visible,  may  be  rendered  evident  by  suspending  in  the  v«8mI 
a  piece  of  paper  moistened  with  a  mixture  ot  starch  and  solutifltt 
of  iodide  of  potassium,  which  will  become  blue  from  libovtedl 
iodine.    A  still  smaller  quantity  of  the  acid  may  be  detected  b^ 
mixing  a  small  quantity  of  a  concentrated  solution  of  greefi 
sulphate  of  iron  with  the  liquor  to  be  tested,  and  allowing  the  oil 
of  vitriol  to  flow  gradually  into  the  solu^n  so  as  to  form  a  dtB* 
tinct  stratum  below  it.    In  this  case  me  characteristic  actioD 
consists  in  the  formation  at  the  line  of  contact  between  the  two 
liquids,  of  a  brownish-red  solution,  the  colour  of  which  disappeaiB 
on  boiling;  the  coloration  depends  upon  the  circumstance  that 
the  nitric  oxide  which  is  formed  by  the  deoxidizing  action  of  one 

_  *  Tho  aocnrate  quantitative  determination  of  nitric  add  when  mixed  with  other 
acids  is  a  matter  of  considerable  difficulty.  One  method  consists  in  the  conveniaa 
of  the  ncid  into  aminoiiin,  and  the  subsequent  determination  of  the  amount  of  ammi^ 
nia  found  (369).  Another,  which,  when  tho  quantity  of  nitric  acid  is  verj  smal^ 
furfllRhes  excellent  results,  is  that  proposed  by  Pugh  {Q.  J.  Chtm.  Soc.  ziL  35).  It  ii 
based  upon  the  dotennination  of  the  amount  of  stannous  chloride  which  is  C(mT«ted 
iuto  stannic  eliloride  when  the  solution  in  heated  with  nitric  acid  in  presence  of  an 
excess  of  hydrochloric  acid.  A  certain  quantity  of  the  concentrated  solution  ooo- 
tainiiig  the  nitric  acid  to  be  detcniiined  is  introduced  into  a  strong  tube,  and  a  known 
volu'no  of  a  solution  of  stannous  chloride  in  a  large  excess  of  hydrochloric  aiid  is 
added,  the  strength  of  the  tin  solution  having  been  ascertained  by  the  use  of  • 
etaridiird  solution  of  tho  acid  chromatc  of  pot-assium.  Care  is  taken  to  emjdi^  an 
excess  of  the  tin  solution.  A  fVap^cct  of  marble  is  dropped  into  the  tube  so  aa  to 
produce  a  quantity  of  carbonic  anhydride  sufficient  to  displiico  the  atmospheric  air. 
The  tube  ii  then  carefully  sealed  and  exposed  for  about  a  quarter  of  an  hour  to  ■ 
temperature  of  340%  It  is  allowed  to  cool,  and  the  contents  of  the  tube  are  neact 
transferred  to  n  glass  and  diluted  with  three  or  four  ounces  of  water ;  a  few  drops  of 
A  weak  solution  of  iodide  of  potassium  and  starch  are  then  added,  and  the  amount 
«f  tin  still  remaining  in  the  form  of  stannous  salt  is  detennined  by  the  addition  of  a 
jrraduated  solution  of  the  acid  chromate  of  potassium,  until  the  liquid  becomes  Uue 
from  the  liberation  of  iodine.  The  reaction  upon  which  this  process  depends  may 
be  thus  expressed : — 

HNe,  +  4  SnCl,  +  9  Ha  =  H.NCl  +  4  SnCl,  +  3  H,e ; 

the  nitrogen  of  the  nitric  acid  being  wholly  converted  into  ammonia  during  the  apetti- 
tion :  the  difference  between  the  amount  of  the  add  chromate  originally  required  to 
pcroxidizo  the  quantity  of  tin  solution  employed,  and  that  actually  consumed  after  tha 
experiment  is  over,  yielding  the  data  for  fixing  the  quantitv  «f  nitric  acid :  393'3  gra 
o/'  the  add  ohrooMte  of  potas&ium  repnstteat  63  of  r  ^%\x  or  64  of  StQp 
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Ccrtion  of  the  iron  salt,  bpcotne^s  dissolved  with  the  distinctive 
iMwn  colour,  in  the  solution  of  the  unoxidized  pai't  of  the  foiToUi 
salt;  the  dooxidivti'in  of  the  nitric  acid  which  occurs  luaj  be 
represented  iu  the  followinj^  e<iuation: — 


fefmos 


•eil. 


Mtric 
Held. 


Ferrie 

•iilptiatc. 


SUrlc 


W»tCT. 


6  f«se.  +  3  H,80»  +  3  HNe,  =  3  (Fe,  3  SO.)  +  3  Ne  +  4  H.O 

If  a  few  drops  of  hydrochloric  ncid  be  added  to  a  solntion 

TJiii-h  contains  free  nitric  acid,  or  a  nitrate  in  solution,  the  liijuid 

•  -  the  power  of  dissolving  gold  leaf.     This  effect,  however, 

lee^l  by  hydrochloric  acid  in  solutions  of  the  chlorates, 

-,  and  iodates ;  but  the  i>resence  of  these  salts  may  bo 

by  other  characters  (3S2,  3'.)2,  397i. 


i'M'A)  XrrRi>C8  Oxinic,  PKoT(»xrDE  of  NrrnooEN 


N,0  =  44. 

or  NiJ  =  22.   Tlimrelk  Sp.  Gr.  1-523,S ;  Ohvvrved 


Sp,  Gr.  X'o'il.-— Preparation.. — 1.  If  a  mixture  of  equal  parts  of 
'     \\<\  hulphnric  acid,  diluted  with  8  or  10  parts  of  water,  be 
i  on  metallic  zinc,  the  metal  displaces  hydrogen,  which  at 
;ont  of  its  liberation  deoxidizes  the  nitric  acid,  and  a  colour- 
is  slowly  given  <)tl",  composed  of  2  atoms  of  nitrogen  united 
*ii)i  1  of  oxygen. 

2, — I5nt  to  obtain  the  sja.s  in  a  pure  state  it  is  far  better  to  heat 
nitnktc  of  ammonium  (II,NN0„  the  salt  furnished  by  neutraliz- 
ing pure  nitric  acid  witij  carbonate  of  aiumoninm)  in  a  glass 
retort;  the  salt  quickly  melt.s,  and  at  a  tcmi>erature  of  between 
4ff»°  and  500°  apparently  begins  to  boil,  but  in  reality  it  is  under- 
pjing  decomjKisitioii,  by  which  it  is  entirely  resolved  into  the 
pwiMis  nitrous  oxide  and  steam.  The  temperature  muh,t  be 
carufuUy  watched,  and  not  be  allowed  to  rise  so  high  as  to  occa- 
•ion  tlie  production  of  wliite  vaix)nrs  in  the  retort,  because  the 
deciiinposition  is  then  apt  to  occur  with  explosive  violence.  The 
reacliuu  maybe  explained  as  follows  :  Ammonium  is  acornpomid 
trf  iiitr>jgen  with  hydr(»gen ;  when  the  nitrate  of  aniiiioniiini  is 
liealwl.  the  hydrogen  of  the  ammonium  combines  with  part  of  the 
"xygi-n  of  tiie  nitric  acid,  forming  water,  whilst  the  nitrogen  of 
tli**  arnmoniiiiii  at  tlie  same  time  becomes  oxidized  at  the  expense 
ff  aiiotlier  part  of  the  oxygen  of  the  nitric  acid.  The  result  is 
thtti  the  whole  of  the  nitrogen,  both  of  the  nitric  acid  and  of  the 
siuiiionia,  is  liberated  in  the  form  of  nitrons  oxide;  1I,N  XO, 
liecoming  2  H,0  -♦-  N,0.  An  ounce  of  the  salt  furnishes  about 
5<H)  cubic  inches  of  the  gas. 

3. — L,  Smith  adopts  a  modification  of  the  foregoing  j>rocessfoi 
preparing  the  gas:  lie  decomposes  sal  amniouiac  by  means  (»f 
nitric  acid  (of  sp.  gr.  1"20^  at  a  gentle  heat.  The  gas  which  is 
oMainetl  in  this  manner  is  not  [mre,  but  is  contaminated  with 
Huall  ipantities  of  chlorine  and  of  nitrogen  ;  tlie  clilorine  may  be 
Muoved  by  allowing  the  gas  to  bui>ble  up  through  a  solution  of 
potash.  Advantage  may  sometimes  be  taken  of  this  action 
<*f  nitric  acid  on  sal  anmioniac  to  destroy  Jin  excess  <if  nuiviale  ot' 
tnimtiniH  io  soJntion  in  tJte  euiiree  of  an  analysis. 


• 
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Properties. — ^Nitrous  oxide  ie  a  transparent,  colourless  gai^ 
with  a  mint  sweetish  Rinell  ami  taste:  100  cubic  inches  of  wate 
at  32'^  (lisBoive  130  cuhic  iiicbes  of  tlic  gas ;  at  59°,  77  cubic  inclicj; 
and  at  75°,  only  (W  cubic,  inches  (IJnnsen).     Owing  to  this  cod- 
eirlerable  diminution  in  solubility  with  the  rise  of  tcniperatnTC, 
it  should  lie  collected  over  warm  water.     Under  a  pressure  of  50 
MtiiHiBjilieres  at  45°,  it  is  rediu.'iblc^  to  a  colourless  liquid,  ofsp.gr. 
Ht  4^)^  <.f  0-ltOS.     It  boils  at  about  —120°  (Renault),  and  m»y 
be  frozen  into  a  transparent  Rilid  at  about  — 150°.     When  tli'fl 
liquid  nitrous  oxide  was  mixed  with  bisulphide  of  carbtui  and 
exposed  to  evajn>ration  in  va<'U0j  Natterer  obtained  a  reduction 
of  tempeniturc  which  he  estimated  at  220°  F. ;  this  is  a  lower 
point  tliiiii  him  hitherto  been  attained  by  any  other  means.    The 
gaseous  nitrous  oxide  has  a  specitic  gravity  of  1"527,  which  coin- 
cides with  that  of  carbonic  anhydride.     Tliis  gas  jxjssesses  tl^o 
(jUrtlities   neither  of  an  acid  nor  of  an  alkiili.     It  supports  th< 
combustion  of  many  bodies  with  a  brilliancy  resembling  tba 
which  they  exhibit  when  buniod  in  oxygen.     It  is,  however,  a 
once  distinguished  from  oxygen  by  its  considerable  eolubilitv  lO 
water.     A  glowing  match  bui-sts  nito  lianie  when  plunged  mlo 
nitrous  oxide :  sulpliur  when  kindled  burns  in  it  with  a  pale  roee- 
culourcd  flame. 

Soon  atter  the  discovery  of  the  nitrous  oxide,  Davy- ascertained 
tliat  it  may  be  resjnred  for  a  few  nu'nutes  :  it  tlien  produces  a  sin- 
gular species  of  transietJt  intoxicutiun,  atteu<led  in  many  instances 
with  an  irresistible  pri>pensity  to  muscular  exertion,  and  often  to 
unctintroliable  hmghter ;  hence  the  gas  has  actpiired  the  popular 
name  of  lauffhuuj-tjiu. 

(Anrqyomt'ifin. — If  nitrons  oxide  be  passed  repeatedly  through 
a  jHjrccluin  tube  hejitcd  to  bright  redness,  the  gas  is  decomposed 
into  a  mixture  uf  oxygen  and  nitrogen,  2  volumes  becoming 
ex]*an(lcd  ]>ernianently  into  the  space  of  3  volumes.  An  easy 
mcthud  of  analysing  the  nitrous  oxide  consists  in  mixing  it  with 
hydrogen,  and  passing  an  electric  spark  through  the  mixture.  If 
4  measures  of  nitrous  oxide  be  mixed  with  an  excess  of  hvdrogen 
gas,  say  with  6  measures  of  hydrogen,  in  tiio  bent  eudiometer 
(tig.  2S1),  10  measures  of  mixed  gas  will  be  produced  ;  and  on. 
transmitting  the  electric  suark,  inflammation  will  occur ;  steam 
will  be  formed  by  the  oxidation  of  the  hydrogen,  and  will  be  " 
immediately  condensed ;  the  10  mea-^^ures  will  thus  be  reduced 
to  6  ;  but  the  rpiantity  of  o.xygen  contained  in  the  nitrous  oxide 
cannot  be  at  once  inferred  from  this  change  of  bulk:  before  thift_^ 
can  be  done,  it  is  needful  to  ascertain  how  much  hydrogen  is  leftM! 
in  the  mixture.  This  nniy  be  efi'ected  by  mixing  tlie  6  remaining^ 
meadures  with  two  measures  of  oxygen,  thiis  making  8  measures, 
and  again  transmitting  the  electric  spark.  Steam  will  again  b<j 
formed,  and  immediately  conden.se<l :  the  8  measures  of  tlie  mix- 
ture will  now  be  reduced  to  5  ;  3  measures  of  the  gas  will  there- 
fore have  disappeared,  two-thirds  of  which,  or  2  meivsures,  are 
hydrogen :  1  measure  of  the  gas  now  letl  must  consequently  be 
o.xygen  which  was  added  in  excess,  and  the  remaining  4  measure! 
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ne  mtrog^en.  Of  the  6  measures  of  hydrogen  originhlly  added, 
4b»ve  therefore  combined  with  oxvgen  derived  from  the  uitroii!? 
oride;  and  since  4  measure*  v»f  hyorogea  require  two  measures  of 
uxvi;en  for  conversion  into  water,  the  4  niesisures  of  the  nitrous 
oxWc  muot  have  contained  two  measure*  of  oxygen.  It  appears, 
iliM),  tliat  nitnjus  oxide  contain^  its  own  bulk  of  nitrogen,  since 
t]ie4  measureji  of  the  gas  originally  eiupKiycd  furnish  4  measures 
gt' uitrosjen  ;  this  nitrogen  is  moreover  so  combined  with  2  mea- 
iiirc*  lit'  iixygen,  that  the  ♦)  measurci  of  the  two  giises  when  united 
are  coiiileiLsed  into  the  space  <>(  4  measures,  or  into  two-thirda 
(*f  the  bulk  which  they  occupied  when  separate.  The  specific 
gmritv  «if  the  gas  shows  that  this  conclusion  is  correct,  for  100 
niliip  niches  are  found  by  experiment  to  weigh  between  47  and 
<H  grain?,  and  by  calculation  we  tind  tliat  such  should  be  the 
ctte,  for — 

Qniliu.    Rjr  roL     Sp  rr. 

100  cub.  in.  of  uitrop?ii  wfigh 3013  or  1*0  =0  971 

50  cub.  in.  of  oi.v>."?n  neii,'!i 17-10        0-5  =  0  5528 

They  give  100  cub.  in.  of  uitroin  oxide,  K'jno       lo  =  rs''38 
aad  troigh J 

Tlie  proportion  of  nitrogen  contained  in  the  gaa  may  also  l>e 
a.-wi'tiuned  by  means  of  jiotatisiuin  ;  for  if  potassium  be  heated  in 
nitrous  oxide,  it  bums  vividly,  and  is  converted  into  potasli,  leav- 
ing Ik  vulume  of  nitrogen  equal  to  that  of  the  gas  etuplviyed.  The 
aanpositiun  of  this  gas  may  therefore  be  thus  represented : — 

By  wtrlgbt. 

Xilroiyen N,  =  28  or  6S-64        2  Tola. 

Oiytffn e    =16        3636         1  toL 

Nitrons  oxide.,  N,W  =  44     100  000        2  vols. 

(W>)  XiTRio  OxiDR  ;  Kitrosyl  ;  DeyitoxuU,  or  Binoxid^,  of 
KHr<H}im,  (Xe  or  N(\  =  30)*  ;  Sp.  Gr.  1-039;  At^ymie  TW.rQ. 
—Prrjkinition. — 1.  If  nitric  acid  be  diluted  with  twice  its  bulk 
»(  water,  so  as  to  reduce  it  to  a  specific  gravity  of  about  1"2,  and 
be  |W)iirod  upon  copper  clif>pings  or  metallic  mercury  placed  in  a 
returt,  bri.sk  action  speedily  occurs ;  a  gentle  heat,  if  ne<!essary, 
tnAy  be  applied  until  it  commences  ;  the  retort  becomes  tilled  with 
red  fiiine*,  and  a  gas  is  disengaged,  which  if  collected  over  water 
will  be  found  U}  be  colourless;  1  ounce  of  copper  by  solmtion  in 
ftboat  4  onncee  of  the  diluted  acid  would  yieul  nearly  42i>  cubic 
inches  of  nitric  oxide.  If  the  heat  be  too  high  the  gas  is  apt  to 
be  contaminatetl  u'ith  nitrogen.  During  this  decomposition  the 
wrtal  displaces  hydrogen  from  one  jKirtion  of  the  acid  and  forms 
a  nitrate,  which  is  diss»ilved,  whilst  the  hydrogen,  in  the  nmment 
'•fits  liberation,  decomposes  another  portion  of  the  nctil,  water  ia 
fomit^i,  and  nitric  oxide  liberated.  The  following  equation 
fehows  the  reaction  wliich  occurs  between  3  atoms  of  copper  and 

•  The  rsponr  deasity  of  this  compoand  is  anoraalouii,  NO  yieldini?  2  volumus 
01  =  I  voL)  inatead  of  NiOi  oa  would  ha  n^quistte  if  tho  compound  followed  tbs 
vuIUw. 


86  COMPOSITION   AND   PBOPERTTES   OF   MTIUC   OXIDE. 

8  of  nitric  acid,  resulting  in  the  forination  of  2  atoms  of 
uxide  and  3  atuius  of  nitrate  of  e\>pper: — 

Copper.  NUrio  acid.  )<ltralc  of  copper.  Nllric  oxMe.         Water. 


3  Ou  +  8  HKO.  =  3  (eu  2  NO.)  +  2  NO  -h  4  11,0. 

2. — The  nitric  o.xide  may  also  l>e  obtained  perieetlv  ]»nre  \v 
digestintj  hydrochloric  acid  with  iron  tilings  till  it  will  iliss<ilve  ni 
more,  decanting  the  clear  liquid,  and  adding  to  it  its  own  bulk « 
liydrochloric  acnd  :  on  placing  the  solution  in  a  retort,  and  adding 
nitrate  of  potassium,  the  nitric  oxide  is  immediately  evolved 
large  quantity  (Pelouze).  The  reaction  is  not  so  liiinple  at^  in  thi 
preceding  case  ;  it  is  represented  as  follows : — 

rrm^iia  Uf  rlrot'lilor.      MU'iil«  of  Tvrrit  CMnrU*  of        Kttrle  L 

etilorido.  acid.  poUnluia  chloride.  Water.         twUatluiii.         odd*.] 

6  Fea.    +    8  1101   +    2  KKO,   gire  3  Fe.Cl.    +   4  H,9    +    2  KCl   +    2  KO^ 

A  simple  modification  of  this  method  consists  in  placing  in 
retort  1  ounce  of  commercial  nitre,  S  oun<:e8  of  fernjua  t;u]phat« 
and  pouring  upon  thein  half  a  pint  of  diluted  sulphuric  jurid  (J 
ounce  of  acid  to  3  ounces  of  water).     Such  a  uiLxture  will  gi%T 
nearly  400  cubic  inches  of  pure  nitric  oxide. 

Vonij>osHion. — The  composition  of  nitric  oxide  cannot 
ascertained  by  detonation  with  hydrogen  ;  for  equal  volnraea  of 
hydrogen  and  nitric  oxide  bum  miietly  with  a  green  tiainc  o| 
tiie  approach  of  a  burning  bo<ly.  Davy  analysed  nitric  oxide  bl 
heating  charcoal  strongiy  in  it ;  2  volumes  of  thu  gafl  by  th 
treatiiioiit  furnish  1  volume  of  nitrogen,  an<l  1  volume  of  ca 
b<iiii('  anhydride  :  but  carbonic  anhydride  contains  its  own  volum^ 
of  oxygen  ;  nitric  oxide  miist  tiiei-efore  have  consisted  of  1  voluc 
of  nit i^»gen  united  without  condensation  with  1  volume  of  oxygoi 
The  density  of  the  gas  confirms  the  correctness  of  this  result,  fo 
by  e.xperiinent  100  cubic  inches  weigh  rather  more  than  32  j 
and  by  calculation, 

On.        By  reA.      8p.  ft. 

CO  cubic  iuahes  of  nitrogen  weigh lo'OG  or  05=  0'4fi8 

60  ciibif  iuehesof  oxjgcn 17'10        0  5  =  0  552 

100  cabic  tnchoa  ofnitrio  oxide 32' IS        I'O  =  1038 

Potassium  burns  when  heated  in  the  gas,  p)tnsh  l>eing  produc 
If  the  experiment  Iw  conducted  in  such  a  manner  as  to  allow  tli^ 
resivlual  gas  to  ije  measured  after  the  corabu.stion  is  over,  2  voliun« 
of  the  nitric  oxide  will  Ix*  found  to  leave  1   volume  of  nitrogei 
A  similar  result  is  obtained  when  tin  is  heated  in  thu  gas  j  coi 
qnently  its  composition  may  be  thus  reproikjnted : — 

By  w»ight 

Kitrogen TS    =    U    or    4<;  07        1  vol 

Oxygen O    =     1«  6333        I  vol. 

Nttrio  oxide K0  =     SO         100  OU        2  vols. 

Properties. — Nitric  oxide  h»is  a  strong  diHagre{»able  odoii 
'and  camiot  be  respired.    It  has  hitherto  reeiatod  all  attempts 
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liquefy  it.  Water  Aoe&  not  disjiolve  more  tliaD  ^  f  ite  bulk  of 
tiuj  gas.  Nitric  oxide  ia  the  muat  stable  of  the  oxid  of  nitrogen  ; 
ituiiiy  evtn  be  ejtposed  to  a  red  heat  without  undtTgi.>iiii;  ilecotn- 
pueititni,  but  a  snceciiisiuu  of  electric  spiirkii  converts  it,  if  it  he 
muijt,  into  a  mixture  of  nitrogen  and  nitric  aeitl  ;  and  if  digested 
npn  moistened  ii'uii  filings,  ur  a  moist  suli>hide  of  one  of  tlie 
albline  metiits,  it  is  slowly  eonvertcd  into  nitrons  oxide.  Many 
tiurniug  b(Hrie5,  sinch,  for  instance,  ati  a.  liijliteii  taper,  or  pbo^^jilio- 
rtKJnnt  kiiKliedi  are  extinguished  when  plunged  into  the  gui* ;  bnt 
s  dmttupoiiitinn,  of  the  gas  will  be  eti'eeted  if  the  phoj^phonw  bo 
bnruiiis^  viijorously,  and  it  will  deflagrate  with  a  brilliancy  cijual 
totlint  prodneed  by  its  eomhustiou  in  oxygen. 

Xitric  oxide  is  completely  absorbed  by  a  solution  of  ferrous 
snl[iliiite,  with  which  it  forms  a  deep  reddish-brown  liquid.  All 
llieft'mnii!  saltd  exert  a  &iinilar  action,  and,  according  to  Peligot, 
S  *t(t!iia  of  tlie  salt  of  iron  absorb  1  atom  of  nitric  oxide,  the  solu- 
tjflfiin  tlic  efi>?e  of  the  eulphftte  containing  (3  FeSO,,  NO.)  Tlie 
drep  colijur  of  the  liquid  thus  formed  is  employed,  as  has  already 
been  mcntirjned  (3ti3),  for  the  purptwse  of  as^c^'Ptaining  the  presence 
d  nitric  m:hl  iu  solution.  This  liquid  absorbs  oxygen  rapidly 
frijiu  tlie  air  or  from  gaaeon-s  tuixturea.;  when  heated,  mofit  of  the 
nitriu  oxide  is  esjielled  from  it  unchanged.  Solutions  of  Btannou-i 
Slid  mercunous  salts  also  ahsorh  nitrfe  oxide,  but  they  undergo 
cliange,  and  the  gas  cannot  again  be  expelled  from  them  by  heat. 
Mtric  ae,id  likeiv'ise  absorbs  the  gas  rapidly :  if  the  acid  be  eon- 
eeiitrated,  the  stdution  becomes  reddisli  brown  ;  if  more  diluted, 
it  is  green ;  if  &tiU  weaker,  the  solution  is  blue,  but  if  diluted 
bdyw  a  specilic  gravity  of  1-15,  little  of  the  gas  is  absorbed,  and 
the  acid  remains  colourless. 

The  nitric  oxide  is  neither  acid  nor  alkaline  in  its  characters. 
It  has,  however,  a  very  powerful  attraction  for  oxygen,  and  to  tliis 
circumstance  is  owing  one  of  .the  most  characteristic  properties  of 
the  gas.  When  mixed  with  oxygen,  or  with  any  gas  containing 
nncombined  oxygen,  dense  red  tumes  are  produced.  These  red 
fumes  are  freely  soluble  in  water,  and  furnish  an  acid  liquid. 
Formerly  this  circumstance  was  employed  to  determine  the  quan- 
tity of  oxygen  in  mixture  with  other  gases ;  but  the  method  is 
now  abandoned,  as  the  absorption  is  not  uniform,  owing  to  the 
formation  in  uncertain  quantity  of  a  mixture  of  tlie  soluble  oxides 
of  nitrogen.  It  may,  however,  be  used  with  advantage  as  a  qua- 
litative test  to  demonstrate  the  existence  of  uncombined  oxygen 
in  agaseous  mixture.  Nitric  oxide  also  unites  with  half  its  volume 
of  cldorine  when  the  two  gases  are  mixed,  and  chloronitrous  gas 
KeCl  is  formed  (377). 

(366)  Nrrfious  ANHTDBroE  (N,0,  =  76,  or  NO,  =  38 ;  formerly 
known  as  Hyponiiroua  Acid). — Preparation. — 1.  By  mixing  in 
an  exhausted  flask  4  volumes  of  nitnc  oxide  with  1  volume  of 
oxygen,  both  in  a  perfectly  dry  state,  brownish-red  fumes  of 
nitrous  anhydride  are  formed,  which  at  a  temperature  of  0°  F. 
become  eondensed  into  a  blue  very  volatile  liquid,  which  emits  a 
nd  vapour. 
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2. — Nitrous  anhydride  may  also  be  obtained  nearly  in  a  state 
of  purity,  by  heatin<;  in  a  capacious  retort  1  part  of  Btarch  with 
S  parts  of  nitric  acid  of  sp.  gr.  1'25  :  it  may  ikj  dried  by  passing 
it  over  chloride  of  calcium,  and  may  then  be  liquefied  by  trans- 
mission through  a  U-shaped  tube  surrounded  by  a  mixture  of  ice 
and  salt. 

Properti^. — A  small  quantity  of  water  converts  the  anhydride 
into  nitrous  acid,  but  a  larger  quantity  quickly  decomposes  it 
into  nitric  acid  and  nitric  oxide  :  hence  the  presence  of  a  small 
quantity  of  water  converts  the  bine  into  a  dark  green  liquid,  but 
a  larger  quantity  decomiK)!M?8  it  with  elten'escence  :  nitric  acid  is 
ft>rnied,  and  nitric  oxide  esfapes.  This  last  reaction  may  be  thus 
represented :  11,0  +  3  X.O,  give  21INO,  +  4  NO. 

Though  in  it«  uncombinetl  form  nitrous  anhydride  is  decom- 
posed by  water  with  such  facility,  yet  its  radicle  forms  permanent 
compounds  with  the  metals  of  the  alkalies  :  these  salts  are  called 
nitrites.     Their  general  ibnnula  is  M'NO,.     If  nitric  oxide  be 
placed  over  a  souition  of  caustic  potash,  and  small  quantities  of 
oxj'gen  be  added,  nitrite  of  potassium  is  produced  in  the  liquid; 
and  if  nitre,  or  nitrate  of  sodium,  he  heated  to  redness  until  the 
gas  which  is  evolved  begins  to  contain  nitn^n,  the  residue  wiB 
be  found  to  ha  composed  chiefly  of  nitrite  of  potassium  or  sodium.* 
These  nitrites  are  soluble  in  alcohol,  and  may  thus  be  separated 
from  the  corresponding  nitrates,  which  are  insoluble.    The  nitrites 
of  potassium  and  sodium,  and  tlic  monobasic  nitrites  of  silver  and 
lead,  are  anhydrous.     A  considerable  number  of  double  nitrites 
of  potassium  may  be  formed.     Lang  has,  for  instance,  among 
others,  described  the  following : — 

Nitrite  of  potassium 2  KNO, .  H,0 

"                "           ancibarinm...  2  K>rO„  «a  2  Ne,  .  H,e 
"  "  and  ziuc. 2  KN<>„  Zn  2  NO,  .  H,e 

^nSl.  !'".'^.  }  2  KNO,,  HaN©„  KiNe,. 

If  the  nitrite  either  of  ]K)tassiHm  or  of  sodium  be  dissolved  in 
■water,  and  nitrate  of  silver  l>e  added,  a  sparingly  soluble  nitrite 
of  silver  is  preci]>itated :  by  dissolving  this  precipitate  in  hot 
water,  it  is  obtained  pure  in  crystals  as  the  liquid  cools.  The 
addition  of  cold  diluted  sulphuric  acid  to  a  solution  of  a  nitrite 
decomposes  the  salt,  and  the  liquid  thou  becomes  .of  a  brownish- 
red  colour  on  adding  a  solution  <.>f  ferrous  sulphate.  The  nitrites 
may  thus  be  disting\iishe<l  from  the  nitrates,  since  the  latter  do 
not' change  colour  when  similarly  treated,  unk'ss  heat  l)e  applied. 
Acid  solutions.of  the  nitrites  <lt>troy  the  blue  colour  of  indigo  at 
ordinary  temperatures ;  they  bU'ach  the  permanganate  of  potas- 
sium, and  slowly  reduce  acid  ohromate  of  ])otassium  to  a  green 
salt  of  chromium.  Tlie  terclil<»ri(le  of  gold  is  rwlucible  to  the 
metallic  form  by  these  salts,  and  niercurous  salts  give  a  grey  pre- 
cii)itate  of  reduced  mercury.     A  very  minute  trace  of  any  nitrite 

*  Scrhonboin  has  shown  that  the  sohitions  of  the  nitrates  of  the  nlknh  metals,  ai 
■well  as  some  other  nitrutos.  may  be  rodiuvd  slr)wly  to  nitrites  by  stirring  or  o^tation 
with  a  rod  of  zinc  or  of  ladmium,  the  roducliou  being  accelerated  by  heat 
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teote«l  bv  inixitij^  a  <lilute  s^olvitioii  of  iodide  of  potsissiuin, 

itMlnte,  with  starch  and  a  little  diluted  livdn<ehl<>rieacid 

^r.  l-ttiMj) ;  the  liquid  to  In?  te^sted,  atYer  being  aeiduliited  with 

iK'.ldoric  acid,  is  tlieu  to  l»e  added  to  the  test  mixture,  when 

ifwhlue  colour  of  iodide  of  staruh  will  appear,  eveu  when  only 

(»f  a  riitrite  are  present.  ^ 

The  presence  of  nitrites  in  the  well  waters  of  towns  is  of  coin- 

mn  weurreuee,  prol)ably  owing  to   the  oxidation   of  uinmouia 

A'iU'tm'^  acid  is  formed  frtim  ankuionia,  when  the  lattei-  ii%  in  con- 

with  atmospheric  air  in  the  presence  of  j)latiiiuiii  Miuk,  or  i)f 

lii  of  heated  platinum  wire  ;  if  a  coil  of  red-hot  phitiuiun  wire 

le  k'kl  in  a  jar  of  air  nioistene<l  with  a  few  drops  of  a  »trong 

eiliitinii  of  ammoninni,  white  fumes  of  nitrite  of  amtuonium  will 

litfitnued.     The  contact  of  metalUe  copper  is  still  more  effectual 

in  pimotinit  the  formation  of  nitrous  acid  from  annnotiia,  when 

|frec  i>\vf;en  is;  present ;  if  a  small  quantity  of  pnlveruleiit  coi>[)er 

■Muiinkeii  up  in  a  liottle  of  air»  with  a  few  dro]>s  of  a  solution  of 

^Bmnnia,  the  oxy^jeu   will   be   al>sorlied   in   a  few  nuiiufes,  and 

'^itroi^g  acid  will  be  found  in  the  liquid.     Even  bright  slii«  of 

copjitT  etiect  a  similar  oxidaticm  of  the  ammonia,  whilst  oxide 

"I'liopper  is  formed  simuitHneously.     The  cause  of  those  pheuo- 

L^MOa  is  obscure  ;  they  beloULi:  to  the   chu*s  of  actions  commonly 

^ftvrii  lis  catalytic,     Aeeordinjj:  to  Sehonbein,  the  white  fumea 

^Bdueed  duririir  the  sjumtaneoUK  oxidation  of  pho.-*phorus  in  air 

Hpnst^  not  of  phosphorous  anhydride,  but  of  nitrite  of  iuumonium, 

^rmc'il  b}'  the  action  of  the  ozone  ujkju  moirit  air. 

(367)  PKEoxmE  OF  NrrmxtEN  :  I/t/jMmifnc  amd  (formerly 
calld  Nitrom  aoid),  N,e.  =  92,  or  NO,  =  46;  MeUimj-iJL  16*, 
Pelip.t;  10°,  Miiller:  lioilintf-pt.lV.—Preparatmi.—l.  The  red 
fumes  which  ap}K?ar  on  mixing  nitric  oxide  with  atmospheric  air 
consist  maiidy  of  peroxide  ot  uitrot»en.  The  pen)xide  may  be 
procured  in  prismatic  crystals  by  passing  3  volumes  of  nitric 
oxide  and  1  of  oxygcm,  both  pertectly  dry,  into  tubes  previously 
dried  M-ith  st'ru]udous  care,  and  cooled  down  by  a  mixture  tif  ico 
and  salt.  (Peligot,  ^Iw/t. //e  C'Am/V,  III.  ii.  <>i.)  These  crystals 
melt  at  10°  F. ;  at  the  ordinary  temueraturo  of  the  air  they  form 
an  orange-coloured  liquid,  which  boils  at  71",  and  produces  a  deep 
l»rownish-red  vaponr.  It  is  remarkal)le  that  atk*r  this  compound 
has  mice  been  melted  it  does  not  freeze  even  at  0°.  Tliis  sub- 
stance is  decomjM)spd  by  water  with  singular  facility  ;  a  Tuinute 
truce  of  water  is  sutiicient  to  prevent  the  formation  of  the  cTvstal- 
linft  comyiound,  oeca^iioniu!;  in  its  stead  the  prochicttou  of  a  green 
li'jiii.l  f probably  N,0,,N,(>,,H,0),  similar  to  that  obtained  by  the 
ion  of  nitrate  of  lead.  The  peroxide  of  nitrogen  was  long 
•  ■..-.. i.-red  to  possess  acid  properties,  and  hence  wsis  termed  nitrous 
iwid.  It,  however,  does  not  form  specific  salts,  but  is  immediately 
■JBDinposed  by  bases  into  a  nitrate  ami  nitrite  : — 

^      N.e.  +  2  ivlie,  yiel<ling  KXO.  +  IvNO,  +  11,0. 

But  when  the  liquid  ]>eroxide  is  digested  on  a  metal,  such  as 
potafeiimj,  lead,  or  mereur/^  nitrate  of  the  metal  is  formed,  aad 
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nitric.'  oxide  is  expelled  ;  with  potassium  for  Ln&taiip^  K  +  N.O^^ 
=  KNO,  +  NO.      No  nitrite  is  formed  under  these  circtun 
stauues. 

3.— If  nitrate  of  lead  be  dried,  «nd  heated  strongly  in  a  sninll 
glass  rettirt,  it  is  decom])osed  ;  deep  red  fniiies,  cuiiplsting  of  a. 
mixture  of  jtcroxide  of  nitrogen  and  free  oxvgeii  are  ]>r(<duc<.?il,J 
and  oxide  ol"  lead  k  left  :  2  (Pb  2  NO.)  =  2  P1)B  +  2  X,e.  +  O,. 
Il'tlxe  red  vapour  be  made  to  pass  through  a  bent  tube  surrounded  j 

by  ice  Hud  salt,  Hs  6lu»\rn| 
Pio.  201,  iu  fig,  2'Jl,  the  perosi<l«j 

is  condensed  to  a  litjuiij! 
whieli  is  green,  owirif?  uA 
the  presence  of  a  litrlaj 
moisture.     To%vai'xlstlio| 
latter  part  of  the  distil- 
lation    the    anhydrooaj 
peroxide    come*    over,! 
and  if  the  receiver 
chaiige<l,  it  may  be  ol 
tained  in  crvstalB.    The 
linuid  peroxide  is  neai-lj 
eolourless  at  0°  :  it  be^ 
comes  yellow  at  1-4°  F.,] 
and  at  ordinary  terai>©r- 
atures  is  red.     It  has 
specific  gravity  of  1  "45 1 , 1 
boils  at  S2°,  and  fr0O2c*^ 
at  — U)°.      It  emits 
dense  browniish-red  vapour,  which  becomes  deeper  in  tint  sis  the  J 
tenn>pruture  rises,  till  at  1<HJ^  it  is  almost  t>patiHe. 

I'layfair  and  Wanklyn  have  shown  it  to  be  probable  that  at] 
low  temperatures  the  compound  has  the  formula  N,0,.  but  that] 
as  the  temperature  rises  it  assumes  the  constitution  NO,.  Milllur] 
{Lifb.  Ann.  cxxii.  15)  finds  the  sp.  gr.  of  the  vapour,  at  82**,  toboj 
2-70  ;  N,e,  =  nn  theoretically  would  give  3-1 S  ;  whilst  at  170»| 
the  sp.  gravity  ot  the  vajMnir  is  only  184;  and  Mitsrberlicli,  at 
some  temperature,  nrobaiily  higher,  but  not  stated,  fnund  it  aaj 
low  afl  I'Tl  J  the  calculated  density  for  the  formula  NO,  =  [  [  || 
ia  l.-iOl. 

This  will  be  seen  by  the  following  table : — 


By  w«l(tit 

Nitroifun K  =  H  or  30-M 

Oxygvn 0,=  32      69-5C 


Bt  rolmne. 

1  or  0-5  =  0-486    or  N,  a  or  10  =  0-973 

2  10  =  1-105         O.  4       30  -  2-211 


Peroxide  of 
uitrogo 


f\^0,= 


46    100-00 


l-(>        I -69 1 


N,«.  2      I'O      3  18S 


This  vaj)Our  ha."?  a  peculiar,  suffocating  odour.    It  support*  fJjej 
condjustittu  i)f  a  ta]>er,  and  nf  many  l»iiruing  ImkUcs  ;  pittassiuin 
takes  tire  in  it  spontaneously.     If  water  l»e  a<ld(''d  grudually  to  tlio 
liquid  peroxidi?,  it  passes  through  varlmis  tint.s.  lH-r<iniing  bucco*- 
Bively  irt'auge,  yellow,  green,  buie,  and  finally  colourlusti,  lui  t'ftoi^ 
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WWence  being  oceasioned  tliiring  the  wliolt?  time?  fnim  tlit  oscan^i 
of  tiitric  uxitle,  finallv  uitnL*  aeiil  in  abundance  is  toriiiod  in  tlie 
lj(jnid;  lJ,e  +  3  NO,  =  NO  +  2  KN©,.  The  nitrie  oxAe,  ua 
luising  with  the  osvgcn  of  the  air,  n3j>rudnct»s  the  ]n.^ruside  ot 
nilri.igeei  as  usual.  Tlie  diti'ereut  tints  (iflriuraed  by  tlie  liiiiiitl  diii-ing 
diliitiim  afipear  to  be  uwiiig  to  the  eolutiim  uf  tiie  uitriu  nxide  ia 
Taryiii^profiortion  in  the  nitric  acid  prod iicfd  by  the  deooinp  itsl- 
tion*  reroidde  of  nitrogen  (iombines  ^llret'tiy  with  hjdnx-hlurio 
add,  Hiid  forms  several  ehhiriTiated  cTiiiipumnlrt  (377).  It  aU*  il 
iteirbed  Uv  coiict'ntrated  suhdmric  acid,  and  tbrms  a  crjetallina 
oummuiid 'with  it  (2  H,SO.,N\e.:^,)  (412). 

P&roxide  of  nitrogen  may  ha  dirttiiigui^iht'd  from  nitnuit*  acid 
bjits  power  of  imparting  tu  a  ncutrrd  sulution  of  snl|)h(tevtinid8 
ot}Hjta*6ium  a  red  tint  el<>?eh'  reseinblJiig  thnt  prixiiieiKl  in  the 
Bsme  reaijetit  by  the  peiwalts!  of  iron  ;  in  a  few  minutes,  however, 
tlie  dfcnrnfMjBitiou  proceedb  further,  and  the  hipiid  beeomes  colotir- 
Isiilladow). 

(3(i8)  Tiie  important  infliieuee  of  proportion  upon  the  ]>rodnct« 
of  chemical  eombination  is  exhibited  in  a  striking  light  by  thes^e 
coffipundi*  of  nitrogen  with  oxygen.  The  sanie  elements,  aecowl- 
la^  t^y  the  Ljiiantities  in  whieh  they  are  united,  may,  as  in  nitrio 
acid,  produce  one  of  the  most  corrosive  compounds  in  the  ninije  ' 
of  elitirnistry  ;  or  may  give  rise,  as  in  the  case  of  the  nitrons  oxido, 
tu  a  stimulating  and  inttisicatingga.^,  which  may  be  breathed  with 
impmiity ;  while  the  intermediate  combinations  exhibit  pr(;t|>ertie8 
entirely  different  trom  either.  A  bnmd  distinction  may  ako  be 
efcOv  traceil  between  tiie  resnltii  of  mixture  and  those  of  true 
eliemical  onion.  The  properties  of  the  atmosphere  are  the  results 
of  simple  admixture  :  the  chemical  qualities  of  oxygen  appearing 
to  be  simply  diluted  by  its  apparently  inert  companion,  nitrogen 
(JMt  as  the  sweetness  of  sugar  is-  reduced  by  the  addition  of 
water);  whilst  each  one  of  the  true  combinations  of  nitrogen 
with  oxygen  exhibits  characters  distinct  from  those  of  either  of  ita 
components. 

§  n. — OoMPOtTNDS  OF  NlTROGEaT  WITH  HTDKOGEir. 

Ammoxia,  Volatile  Alkali,  or  Spirit  of  ffartshom  (B[,N  =  17). 
Meliing-pt.— 103°  •  Bmling-pL—ZT  \  Theoretic  Sp.  Or.  0-5896 ; 
.   Observed  Sj).  Or.  0*59  ;  Atomic  <md  Mol.  Vol.  |    |    |. 

(369)  This  important  compound  has  received  the  name  of 
ammonia,  from  the  circumstance  of  its  having  been  obtained  from 
a  salt  first  procured  in  Libya,  near  the  temple  of  Jupiter  Ammon, 
«nd  hence  termed  sal  ammoniac.  Nitrogen  and  hydrogen  do  not 
combine  directly  with  each  other;  nevertheless,  their  indirect 
combination  is  a  circumstance  of  continual  occurrence.  The 
Bpontaneons  decomposition  of  moist  animal  matters,  which  contain 
wth  hydrogen  and  nitrogen,  and  almost  every  process  of  oxida- 
tion in  the  presence  of  moisture,  is  attended  with  the  fonnation  of 
anunonia.    The  hydrogen,  at  the  moment  of  its  liberation  irova 
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tlie  water  by  dooxidation,  appears  to  enter  into  combination  wit 
the  nitrogen  of  the  atmosphere,  which,  to  a  small  extent,  is  beT 
in  siiluti»)ii,  and  tlms  aiutnouia  is  formed.  If  a  current  of  nitri 
oxide  be  tranrtinitted  over  a  mixture  of  hydrate  of  jxitash  &w 
ehiked  Hine,  nitrates  of  potassium  an<l  ealeiiun  are  formed,  whil 
ammonia  is  e^eiierated.  Moistened  ir(m  lilinj^,  if  exposed  to  tU 
air,  becoine  rusty,  and  the  oxiiiized  eoiiipound  retains   a  smal 

auantity  of  aimiioriia.  Tlie  deoxidation  of  dihite  nitrie  acid  b 
le  metals  alsi)  fretjuuntly  gives  rise  to  the  j»ri>duetii)n  of  ammonia 
both  nitrogen  and  liiy«lrogen  are  liberated  simultaiieously,  a  pai^ 
ot  the  water  undergoing  deoxidation  at  the  same  time  that  thi 
acid  is  lieeompose*!.  Tin,  zine,  and  iron  exlubit  this  effect  in 
marked  degree  (p.  7S). 

This  reaction  has  been  nsed  as  a  means  of  estimating  th( 
cpiaiitity  of  nitrie  uuid  in  solutions  ;  for  by  dissolving  zinc  ver 
shiwly  in  diluted  liydrocliloric  acid,  and  adding  the  nitric  solatia 
in  small  quantities  at  a  time,  the  whole  of  the  nitrie  acid  is  ooB 
verted  into  ammonia.  (Nesbit,  Q.  ./.  Chem,  Soe,  i.  C81.)  HiU 
court  ha<  inijmived  upon  this  method  (./.  Chem.  Soe.  18H2,  xv.  381) 
be  distils  the  concern  rated  llijnid  with  caustic  pota4i  and  a  mixtui 
of  granulatedzine  and  iron  tuiiiings,  and  receives  the  distillate  coi 
taining  the  anniionia  into  a  known  weight  of  a  standard  &«>lutic 
of  suiphinic  acid,  Wlicn  a  mixture  of  2  volumes  cd"  lutric  oxid 
and  5  of  hydi'ogen  is  transmitted  over  sjiongy  ]>latinum  or  plat 
nized  nsltestos  gently  heated,  water  and  amiiumia  are  produce< 
lladow  has  also  oliserved  the  formation  of  ammonia  when  nitroB 
acid  or  peroxide  of  nitrogen  is  reduced  by  transmitting  either 
tliern  throiigJi  a  suhition  i>f  sidpludc  of  potJissiuni  and  hydroge 
(Xili5)  or  through  one  of  fcrrons  acetate. 

Ammonia  exists  in  minnte  quantity  in  the  atmosphere.*  It 
also  found  in  clayey  and  in  peaty  soils,  both  of  which  absorb 
freely.    When   azotised  matters  are  heated  with  the  hydrate 


*  Aooording  to  the  elaborate  researdies  of  Vilte,  which  appear  to  liave  ^n 
ducted  with  every  precautioa  to  cnnure  accuracy,  10, 000,000,000  parts  of  pir  ocmttiine 
on  the  average,  In  the  year  1851.  237  parts  by  wciglit  of  ammonia,  and  in  IS62,  2| 
parta.  This  nmounta  to  about  one  volume  oF  ammonia  iu  twenty-'  gbt  million  volu 
of  air:  other  experiraeuters  moke  the  quantity  coiiaiilemlily  bi»fher.  The  proportit 
of  ammouia  contaiood  m  rain  water  ia  liable  to  conaiJeniblo  variation :  ui  1,U00,0< 
parts  of  rain  water  collected  in  Paris  liurin^c  the  last  live  montlis  nf  1851,  Ban 
found  3-4!)  parti? ;  Douseingaalt,  at  Liebfruunberg,  in  1852,  found  ouly  0744  part 
aad  Lawes  and  Gilbert,  at  Rothauistoad,  in  185S  and  I^<54,  found  the  avcrojro  amoui 
firom  March  to  August  to  be  1-142,  from  September  to  February,  0  927  piirta: 
average  of  the  two  last  determin-ntionH  would  give  about  1  grain  of  ainnumia  in 
\  gaUoDS  of  rain  water.  BousHingault  has  corroborat<.'<i  Uarral's  re«ults  by  expi-'rimonl 
tifMO  the  rain  collected  iu  Paris;  indeed  it  ia  not  siirpriaing  that  in  n  populous  ci 
crowded  with  animal  tiff,  and  with  the  exuviiB  of  animals,  the  proporiion  of  animon 
in  its  atmoHphere  aliouKl  be  much  higher  than  in  the  Hurrouiiding  districts, 
appears,  also,  that  a  larger  quantity  of  ammonia  ia  always  contained  iu  tin*  wuti-r  th 
Is  coHoefed  at  the  counucnccmi'iit  nf  a  shower  than  at  tliu  end  of  it,  and  nioro  after 
drougbt  than  after  a  period  of  niiny  weather.  In  the  water  of  dews  and  fogs,  all 
tliu  amount  of  ammonia  was  found  to  be  much  bit;lier  than  in  rain  water.  The  p 
portion  of  ammonia  in  water  derived  from  tlie  atmoaphore  is,  in  shori.  greater,  ll 
Btnaller  the  fall,  a  circumstance  which  is  esisily  accounted  for  by  th'!  \\\\t\\  solubiUl 
of  the  gas  in  wator.  The  atiiioaphenc  supply  ol  auuuouia  la  intimately  ouunocted  wl 
the  storing  of  uitrogeu  in  phintB. 


ntEPARATIOIT  AXD  FROPKBTOCS  OF  AMMONUCAI.  OAS. 


98 


Pimlevi 


kslies,  thev  are  decompwjsed,  and  the  wliole  of  the  nitrogen, 
■  vipriMctit  in  t]ie  form  of  nitrate  or  cvanide,  id  di.-^eneciigeu  aa 
uninoiiia :  upon  tlji.s.  fiict  is  based  the  metliod  of  detennriiiiig  the 
mmiiit  i)f  nitrogen  in  organic  coinj>ounds.  For  the  purposes  of 
nuniifin'ture  ammonia  is,  however,  always  procure*!  Ijy  tlio  di»til- 
latiDii,  in  closed  vessels,  of  organic  matters  containing  nitrogen. 
I^iiriniT  the  distillation  of  bijiies,  and  of  animal  refuse  gLiiorally, 
■liji  in  cunsiderahle  quantity  is  farmed,  and  condensed  along 
iL' ftefid  products  of  the  oj>eration.  But  the  principal  part 
Bt'ilie  ammonia  u^ed  in  this  country  is  obtained  from  the  refuse 
prwlucta  of  the  distillati<m  of  coal  for  the  manufacture  of  gaa. 
Amongst  these  products  are  water,  and  a  considerable  quantity  of 
(iarlHin»te  and  sul])hide  of  ammonium  ;  the  anmioniacal  salts  be- 
eome  di*>olved  in  the  water,  and  constitute  the  ammoniacal  liquor 
ofllie  gas-works;  this  liquor  is  saturated  subsequently  with  sul- 
phnrie  or  with  hydrochloric  acid,  and  thus  the  sulphate  or  muriate 
ufairiinonia  of  commerce  is  procured  (017). 

PrKparatlon. — li'  equal  weights  of  (piieklime  and  either  of  the 
salts  la^i  named  be  separately  i)Owdereil  and  intimately  mixed, 
tlic  powder,  on  l>eing  transferred  to  a  retort  and  gently  heated, 
gives  I'ti"  abundance  oi  pure  anummia,  as  a  transparent,  colourless 
2H».  of  rite  peculiar,  pungent  odiiur  of  smelling  salts.  An  ounce 
of  muriate  of  ammonia,  if  fully  decomposed,  would  yield  about 
3S0  cubic  inches  of  the  gas.  The  lime  combines  with  the  acid 
aud  sets  the  atutnonia  at  liberty ;  the  result  when  iniuiate  of 
•innionia  is  used  admitting  of  representation  as  follows  : — 


Llm«L 
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eaO  +  2  II,NC1  =  eaCl,  +  2  H,N  +  H,e. 

Properties. — Ammonia  pro<luces  a  flow  of  tears  from  the  eyes; 
it  has  au  acrid  taste,  and,  when  breathed  in  a  concentrated  form,  is 
laUl  to  life,  from  its  irritating  effects  tm  the  lungs.  In  a  more  dilu- 
ted form  it  is  a  highly  valuable  stimulant.  Ammonia  does  not  fiup- 
|K)rt  the  flame  of  t>uming  lx)d- 
les.  but  is  feebly  combustible ;  F'o-  292. 

» jet  wf  the  gas  directed  across 
the  stream  of  hot  air  issuing 
from  a  lighted  argand  lamp, 
bimig.  ^vith  a  very  pale  green 
fl*ine.  If  the  ffas  be  mingled 
Btli  an  equal  bulk  of  oxygen, 
Be  mixture  maybe  detonated 
by  lucans  of  the  electric  spark ; 
water,  nitrogen,  and  traces  of 
nitric  acid  are  formed.  If  a 
"■  of  ammonia  and  air 
.-^on  be  passed  ov(.>r  spon- 

J'liitirmm,  water  and  nitric 
are  amongst  the  products. 
Ammonia  is  exireinelj-  soluble  ia  water,  and  must  therefore  \>ft 
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collected  either  over  mercury,  or  by  displacement,  in  the 
ner  bIiowh  in  lig.  292.  The*  latter  mode  ot  collecting  it  may  eaoL^ 
be  effected,  as  the  gas  has  little  more  than  half  the  densily  qot 
atmospheric  air,  its  sp. gr. being  only  0'59.  Ammonia  has  aponr- 
ertul  alkaline  reaction,  and  turns  turmeric  paper  brown.  Wliex» 
collected  by  diBplacement,  the  gas  must  be  allowed  to  pass  infcc 
the  bottle  until  a  piece  of  dry  turmeric  paper  held  to  the  moatb- 
of  the  bottle  is  immediately  turned  brown ;  the  tube  is  theKB- 
withdrawn,  and  the  stopper,  slightly  greased,  is  inserted. 

Ammonia  neutralizes  the  most  powerful  acids,  and  fomn'  0U 
very  important  class  of  salts.    Any  volatile  or  gaseous  ata^ 
brought  into  an  atmosphere  containing  ammonia,  producea  a^ 
white  cloud,  owing  to  the  formation  of  a  solid  salt.    The  propertj^ 
is  often  employed  to  detect  small  quantities  of  ammonia ;  slakflM. 
lime  or  hydrate  of  potash  is  mixed  with  the  solution  suspected  tar 
contain  ammonia,  and  the  whole  gently  warmed  in  a  tube ;  a  rodt 
moistened  with  hydrochloric  acid  diluted  Mrith  half  its  bulk  of 
water  is  then  placed  in  the  upper  part  of  the  tube  or  veasd,  and. 
if  ammonia  be  present,  white  fumes  appear,  even  when  the  quan- 
tity of  ammonia  is  too  small  to  be  distinguished  by  the  smelL 
"VViien  ammoniacal  gas  is  required  in  a  state  free  from  moisture  it 
must  be  transmitted  over  quicklime,  not  over  chloride  of  calcium  j 
tor  this  salt,  as  well  as  many  other  saline  compounds,  abeorba 
ammonia  and  forms  with  it  a  definite  compound  (622). 

Ammoniacal  gas  may  be  liquefied  by  exposure  to  a  cold  of 
— 4rO°  F.,  or  still  more  readily  by  generating  it  under  the  pressur^ 
of  its  own  atmosphere.  The  easiest  method  is  the  following : — 
Chloride  of  silver  in  powder  is  exposed  to  a  current  of  dry  ammo- 
niacal gas;  the  ammonia  is  rapidly  absorbed,  and  the  chloride 
increases  in  weight  more  than  one-third.  This  substance  is  placed 
in  one  limb  of  a  strong  tube  bent  to  an  obtuse  angle,  and  then 
hermetically  sealed ;  on  applying  heat  to  the  chloride,  and  cooling 
the  other  end  of  the  tube  with  a  freezing  mixture,  the  ammonia 
is  condensed  as  a  colourless  liquid,  which  boils  at  —37° '3  (Beg- 
nault),  exerts  a  pressure  of  6*9  atmospheres  at  60°,  and  has  a 
specific  gravity  of  0'731  at  60°  (Faraday ;  or  0*614,  Andreeff). 
By  a  cold  of  —103°  it  is  fixjzen  to  a  white,  translucent,  crystalline 
Bolid,  which  is  denser  than  the  liquid.  The  chloride  of  silver 
re-absorbs  the  liquefied  ammonia  at  ordinary  temperatures,  and 
slowly  reproduces  the  original  compound. 

Composition. — The  composition  of  ammonia  may  be  ascer^ 
tained  as  follows : — ^If  the  dry  gas  be  subjected  to  a  succession  of 
electric  sparks,  by  the  aid  ot  Ruhmkorflrs  coU,  or  if  it  be  passed 
slowly  through  a  porcelain  tube  containing  iron  or  copper  turn- 
ings, heated  to  bright  redness,  the  gas  is  decomposed ;  it  becomes 
dilated  to  double  its  volume :  2  volumes  of  ammonia  become  4 : 
and  the  gas  produced  may  be  shown,  by  detonating  a  portion  ot 
it  with  oxygen,  to  consist  of  a  mixture  of  1  volume  ot  nitrogen 
with  3  volumes  of  hydrogen.  If,  atler  mixing  8  measures  in  tlie 
bent  eudiometer  with  4  of  oxygen,  so  as  to  make  12  measures  in 
the  wJiolc,  the  electric  spark  "be  transmitted,  3  measures  will  be 


ooXFoernoN  axd  solution  ok  AMjkioNiA.  95 

left,  owmp  to  the  fonuation  of  steam  find  its  subiscqucnt  eontlen- 
ftitiim.  Since  in  the  I'onnatiou  of  water  2  inoasnrL's  uf  liv«lr<tgeii 
wmMiie  with  I  measure  *.>{  oxygen.  onc-thirU  of  the  vniunie  *>f 
pt  wliifli  has  (lisnppearerl.  i>r  H  measures,  will  be  oxyijen,  and 
tvio-ihirik,  or  0  uieu-surLti,  will  he  liy<lriiijf!i.  On  aj^'itating  tlio 
rtsi'iiml  gas  with  a  K<ilutii;>n  of  hydrate  oT  pota.4i,  no  change  of 
l)ulk  will  occur,  conriequently  no  carlMUiic  anhyilride  ciui  have 
liei'ii  fornie<l ;  but  on  the  addition  of  pyrogidlic  acid  (note,  p.  53) 
to  the  ga£  while  still  in  euntaet  with  the  alkaline  liquid,  the 
excess  of  oxygen  will  he  absorbeil.  This  will  nmunnt  to  1  iheas- 
iire,  wliilKt  2  measures  of  nitrogen  remain  nnacte<l  upon;  2 
iiiciwiiv!*  iif  nitrogen  niusft  therefore  have  been  present  in  the 
ill  in  combination  with  the  t5  of  hydrogen  which  have 
»■  condensed  as  steam  ;  consequently,  since  the  ammonia 
iluiiiru-s  itt*  volume  wlien  deconijKwed  by  heat,  the  4  volumes  of 
«iiimimia  must  have  been  formed  by  0  volumes  of  hydrogen  and 
iiif  iiifriigen,  euiidensi'd  into  half  their  bulk.  The  composition 
i>f  amiiiouia  may  therefore  be  thus  represented  : — 

By  Wf Irtt  By  toL  Sp  gr. 

Hydrotjen       H,  =     3  or  l7-<i5        3  or  15  =  01036 
Nitro<^?n         N    =  14        82-35         I        0-5  =  0"-1800 


Ammonia  U^  17      100-00        2       1*0         0-5896 

Oflicr  striking  pr<x)fs  of  the  composition  of  anmionin  are 
afiitnicd  by  the  action  vi'  heat  upon  wmie  of  its  salts.  The 
decomjw.isitton  of  nitrate  of  ammonium  offei-s  one  of  these:  by  the 
Mtion  lit'  heat,  ua  already  exphiiued  (3t)4-),  the  nitrate  of  ammo- 
fliniii  (H,NNO,)  is  decomposed  into  water  and  nitrous  oxide, 
2ir,B4-  N,0;  the  4  atonis  of  hydrogen  in  the  auuiionia  com- 
Hnirifj  with  3  of  oxygon  in  the  nitric  acid  radicle,  and  leaving  the 
nitrijgen  of  the  ammonia  to  combine  with  nitric  oxide  derived 
from  the  nitric  acid.  If  a  solution  of  the  nitrite  of  ammoniura 
lie  heated,  the  salt  is  decomposed,  water  and  pure  nitrogen  are 
lilierated :  the  result  may  be  thus  represented,  II.IS'NO,  = 
2  H,0  +  N, :  the  hydrogen  of  the  ammonium  is  in  this  case 
exjU'tly  sufficient  to  combme  with  the  oxygen  of  the  nitrous  acid 
mlichs  forming  water :  this  is  an  excellent  mode  of  obtaining 
furc' nitrogen.*  Chlorine  also  deeomjwftes  ammonia  at  ordinary 
teioperafures,  and  liberates  nitrogen  gas.  Umler  certain  circum- 
stances it  prodnces  the  detonating  componnd  known  as  chloride 
nf  nitrogen  (3S6).  Bromine  and  iodine  liKewise  decompose  ammo- 
nia, una  form  similar  detonating  compoonds,  without  producing 
v\j  liberation  of  nitrogen. 

370)  Soluthyn  of  Ammonia. — A  Bolution  of  anmionia  in  water 

•  When  nitrogen  !«  to  be  procured  in  this  waj,  the  moet  convenient  method 
coosliU  10  preparine  nitrite  of  potaasium  br  saturating  a  solution  of  liydrato  of 
|r<tMtk.  dI'  »p  (ir.  IHS,  with  nitrons  acid  liisfngnged  by  ttctin^  upon  gtartjh  with 
■^jrii  Ilia  .,r  .,,  ,-r  i-2i.  TUis  solution,  il'  it.  1>6  left  alij?htly  aiknlino,  niuy  be  pre- 
itioii.  Wlieu  it  is  wanted  for  the  preparation  of  nitrof,'on,  the 
1  wkth  ttir<.-«  times  ita  bullc  of  a  gaturnted  ::olution  of  sol  ammo- 
*  !  lieMt«d  in  a  nmaU  retort:  nitrogen  la  evolved  abuudantAy,  andm^Vi 
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ia  a  rencent  continually  require*!  in  tlie  iRhoratory.  When  ain>^ 
moniiu-al  j^as  i«  pii--.sc'(l  into  water  it  is  ra|ii(lly  ahsorlHsi,  with  I 
considerable  extrication  of  heat;  at  a  tonii>cniture  of  32^,  Cariusl 
fonml  that  water  takes  up  ahout  1050  times  its  volume  of  thai 
gas ;  at  55)",  727  times  its  volume ;  and  at  78",  580  time*  itaj 
volume :  water  satm-ated  with  ammonia  at  (50°  contains  mor 
than  one-third  of  its  weight  of  the  ifas,  increasing  in  bulk  nearlj 
one-half,  !m<l  becoming  gpeeitieally  lighter.  The  following  tahlej 
iudieatob  the  strength  of  solutions  of  jjm-e  aunnouia  of  diH'ereut 
6pe<jific  gravities:— 


Str, 

?n^th  of  Solutions  of  A  mmonia 

at  57°  F.  {Carius.) 

AniiKoiiln 
loKKI 

fwrtabj 
wdghL 

SprcIRc 
gravity. 

AmmriDlk 

in  ino 
piirt«  by 

wrfRhU 

27 

Bpeclflo 
gravity. 

AtaoMtola 
in  100 

p*ri»by 
weight. 

SproUlo 
Knvbf. 

AuituauU 

In  10)1 
jinrit  liy 
Wright. 

8p«rlflc 
gravity. 

36 

0-8844 

0-9062 

18 

09314 

9 

0  9531 

35 

(rS8«4 

36 

0-9078 

17 

0-9347 

8 

0-9670 

3-1 

0-8«85 

35 

0-9106 

16 

0-9380 

7 

0-9709 

33 

0-8907 

24 

0-9133 

15 

0-9414 

6 

09749 

32 

0-81)29 

23 

0-9162 

14 

0-9449 

6 

Oil790 

31 

0-8983 

22 

0-9191 

13 

0-9484 

4 

0-9831 

30 

0-8976 

21 

0-9221 

12 

0-9520 

3 

0-9S73 

29 

0-flOOl 

20 

0-9261 

11 

0».'j:.6 

2 

0  991B 

28 

0»0-26 

19 

0-9283 

10 

0-0593 

I 

0-9959 

Solution  of  ammonia  is  colourless  and  intensely  alkaline ;  it 
has  an  acrid,  caustic  taste,  and  hlisters  the  skin  if  applied  to  it  ir 
a  concentrated  fonn;  it  freezes  at  about  — 40"  F.,  yiehliiig  a  _^lii 
tinouft  mass,  destitute  of  odour.  Simple  e.xpostire  of  tJie  solutiot 
at  ordinary  temperatures  to  the  air  is  attenaed  with  an  escape  of 
the  ga.«!,  wiiich  occasions  the  pungent  emell  of  the  liquid.  Byl 
heat  the  ammonia  is  expelled  rapidly,  with  tlie  appearaiure  vt 
ebullition,  thereby  furnishing  a  ready  extempore  inotluxl  of  pro- 
curing tlie  gas.  By  heating  tiic  liqiiiil  tor  some  time,  the  whoU 
of  the  iiiumonia  may  be  driven  ott,  so  that  nothing  but  water  xi 
left  in  the  retort. 

Solution  of  ammonia  is  prepared  on  the  large  scale  by  mixinj_ 
together  in  a  capacious  retort  equal  weicjhts  of  well-bunied  quick-* 
lime  and  sal  ammoniac ;  the  lime  is  slaked  and  made  into  a  past 
with  water  before  mixture.     The  retort  is  then  connected  with  %i 
eerics  of  bottles  similar  to  those  used  for  condensing  nitric  acid. 
If  the  operation  be  conducted  on  the  small  scale  in  the  laborat^jrv,! 
the  arrangement  shown  in  fig.  293  may  be  adopted.     The  thn'<v| 
necked  bottles,  b,  c,  d,  k,  are  known  by  the  name  of  Woulfe'i 
bottles ;  in  the  gUibe,  a,  n  small  quantity  of  water  is  placed,  Ic 
retain  any  solid  particles  which  may  be  mechanically  carried  ovec 
by  the  gas ;  in  the  fii^t  bottle,  n  (which  may  bo  kept  cool  bj 
immcrsi<in  in  <!old  water),  a  quantity  of  water  equal  in  weight  to' 
that  of  the  sal  ammoniac  used  is  introduced,  taxing  care  that  it 
shall  not  till  more  than  half  the  capacity  of  the  Wtlc,  whilst  tlie 
second   tuititains  water  to  cc)nden«e   any  giw  that   may  cm'M 
tl  trough  the  fint.     Each  bottle  is  provided  witJi  a  saietjr  tm 
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opon  at  biith  ends,  so  tliat  if  t!ie  gas  were  alisoi-bed  in  b,  for 

?xiri;ili\  more  rapidly  than  it  was  snjij<lioil,  instead  of  tlie  liquid 

liven  ltai!k  frnin  the  buttle,  c,  air  would  enter  by  the  siifetv 

.  i:J  the  equilibrium  would  l>c  restored.     The  tube  which 

delivere  the  gtis  ptt^ses  do^vn  through  the  Bafuty  tube,  and  projects 
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» little  bcvond  its  lower  openinor,  so  that  the  n;as  rises  in  bubbles 
through  tJie  liquid  and  cnllects  in.  the  bottle;  an  Hir-tig:ht  joint, 
viiich  can  be  mounted  and  dismounted  immediately,  is  thu» 
obtained. 

Solntion  of  ammonia,  if  pure,  phould,  when  evaporated,  leave 
no«oUJ  residue;  the  presence  of  carbonic  acid  may  bo  detected 
bv  liiae-water,  which  it  renders  tnilky;  that  of  cldorine  in*  acidu- 
lating digbtly  with  pare  nitric  acid,  and  adliufr  nitrate  of  silver, 
'lien  it  f^ivcs  a  white  cloud ;  that  of  tulnhunc  acid  by  a  white 
precipitate  with  nitrate  of  barium  at^er  dilution  and  saturation 
witli  nitric  acid;  that  of  lime  by  a  white  preei]ntate  on  adding 
oxalate  of  ammonium ;  and  thnt  of  copper  or  lead  derived  from 
tue  apparntns,  by  a  black  or  brown  jirecipitate  or  cloud  with  sul- 
plmretted  hydrogen.  Lead  in  small  quantity  is  a  very  frequent 
impurity  in  the  commercial  solution ;  it  is  usually  derived  from 
the  action  of  the  ammonia  on  the  flint-glass  Ijottles  in  which  it  is 
often  imfiroperly  kept. 

Alcohol  also  disaolvea  ammonia  in  abundance. 

The  salts  of  ammonia  will  be  described  with  those  of  the 
ctlier  alkalies. 

(871)  AifinoGEN  (IIjN  =  lG). — Ammonia  is  the  only  compound 
of  lijdroL'cu  and  nitrogen  that  has  been  obtained  in  the  isolated 
form.  When,  however,  potassium  is  heated  gently  in  perfectly 
arv  amuioniacal  gas,  the  ammonia  disappears,  half  its  volume  of 
tydro^n  is  lil>erated,  and  a  fusible,  olive-green  compound  is 
fnniifa.  conMstins;  of  Kn,N.     The  ammonia  is  decomposed  l>y  the 

ritasaimn    in     tHe    following    manner:    2   II,X  +  K,    becomes 
KH,X-f  II,.    The  compoimd  H,N  has  received  the  uattie  o£ 
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aimdogeny  and  is  sopposed  bj  some  chemists  to  be  capable  (H 
existing  in  combination  with  several  metals  and  with  a  varietjof 
bodies  derived  from  the  oi^anic  kingdom,  though  late  reeearaet 
have  rendered  it  more,  probable  that  all  these  bodies  are  totw. 
regarded  as  substitution-products  formed  upon  the  type  of  ammada. . 
Compounds  of  this  class  have  received  the  name  otaimidet}  tiicj ' 
will  be  more  conveniently  examined  hereafter. 

Ammonium  (H4N=18). — This  compound,  as  is  the  case  wifii 
^midogen,  has  not  been  obtained  in  a  separate  form.  AU  tibe 
usual  so-called  salts  of  ammonia,  however,  appear  to  contain  ^ 
Nitrate  of  ammonium,  for  example,  consists  not  simply  of  H,N, 
NO,,  but  of  H,N,HO,NO„  that  is,  it,  in  addition,  contains  thfB 
elements  of  water,  whidb  cannot  be  expelled  hj  heal  without  the 
entire  decomposition  of  the  salt ;  this  nitrate  is  therefone  lodrad 
upon  as  a  nitrate  of  ammonium,  H,N'0,NO„  or  JBt,NNO,.  Sal 
ammoniac  is  on  this  view  regarded  as  chloride  of  aramoninm  Hi 
N,C1.  The  full  discussion  of  the  grounds  upon  whicb  this  theory 
rests  will  be  best  postponed  till  we  enter  upon  a  descrij^vtt  of  tw 
salts  of  ammonia  (610  et  aeq.). 


CHAPTER  VI. 

THE  HALOGENS. 

(372)  Befoee  proceeding  to  notice  some  other  compounds  of 
the  four  elements  already  described,  it  will  bo  desirable  to 
•examine  the  other  non-metallic  simple  substances.  We  pass  on, 
therefore,  to  a  group  of  four  closely  allied  bodies,  viz.,  cnlarine, 
bromine,  iodine,  ana  fluorine.  These  elements  are  characterized 
by  the  powerful  activity  of  their  chemical  attraction  for  other 
substances  at  the  ordinary  temperature  of  the  air;  and  conse- 
■quently  none  of  tliem  are  found  in  an  uncombined  state.  They 
form  with  the  metals  compounds  analogous  to  sea  salt,  and  have 
been  termed  halogens,  or  salt-producers  (from  iXf,  sea  salt). 

§  I.  Chloeine:  C1=35-5  ;  Themetic  Sp.  Gr.  2-453/  Observed 
Sp.  Gr.  247  /  Atomic  Vol.  Q* 

(373)  Chlorine,  the  most  important  member  of  the  group  of 
halogens,  was  discovered  by  Scheele  in  1774.  It  is  abundantly 
met  vnth  in  combination  witli  sodium,  with  which  it  constitutes 
ordinary  table  salt.     This  necessary  of  life  occurs  plentifully  in 

*  Haaj  chemists  regard  pure  chlorine  as  chloride  of  chlorine,  and  consequently 
its  molecular  volume  would  be  (ClCl)  =  2  7018.  or[2Q  '^^  molecular  volume 
of  all  the  halogens  in  their  free  state  will  be  2,  if  that  of  chlorine  be  so  regarded : 
the  free  substances  behig  viewed  respectivelj  at  chloride  of  dilorine,  bromide  of 
bromine,  iodide  of  iodine. 


^ 
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be4s  in  rarioQs  parta  of  the  WDrkl,  atid  is  the  most  abundRnt  of 
tfce  j,iliue  bodies  contained  in  tho  waters  of  the  ocean.  It 
wntniiis  rather  more  than  (iO  per  cent,  of  chlorine. 

F*rof>erii^4.^Gh.lorit\G  ia  a  ti'imsparent  gas  of  agreeiiish-Tellow 
folonr  (whence  the  name  h  derived,  from  ;n:^wpof,  green,)  and  of 
a  [»f)irert\il  siiffocatiti^  colour,  pnxliiuing,  if  breatJied,  e^en  when 
liMjrely  diluted  with  air,  distressing  irritation  of  tlie  air  passiiges, 
ntteii'ied  with  eoughina;.  It  is  much  iieavief  than  air,  100  cubic 
inelie^  weighing  between  77  and  IS  grains.  Under  a  pressure  of 
4  fttmof plieres  at  00'^,  it  ia  condensed  to  a  yellow,  limpid  liquid,  of 
^.  a;r.  nhimt  1-33;  it  does  not  conduct  electi'icitj,  and  remains 
nntwen  even  at  the  cold  of  — 220°.  Chlorioe  is  soluble  in 
ftbiiit  h-ilf  its  bulk  of  cold  water  ;  tlits  solution,  which  is  rea<lily 
furmtd  In*  iigitating  the  gas  and  water  together,  has  the  ciiliuir, 
'*l(iur,  and  astringent  Uiste  of  the  gas.  According  to  iSdHJiifidd, 
water  at  50"  dissolves  'i'3S5  times  ita  hiitlc  of  the  giis  ;  at  riil*, 
2'3fW,  and  at  104^,  1-3(J5  times  its  bulk.  Cldnriiic?,  in  cimsi'ipieiice 
of  tliii  ^(iubilitj,  cannot  be  advantageously  collected  over  cfild 
*stw.  M'3rciiry  is  acto<l  upon  by  the  gas  with  greiit  rapidity. 
It  is  riBcessHi'y,  theretbre,  either  to  nsc  warm  wtiter  in  the 
pnsumatic  trough,  or  to  receive  the  gas  by  tbe  pr<xres3  of 
'li»I»lai*C'ineut  in  dry  bottles.  With  water,  chh>rine  ibrius  a 
tkliiLite  hijdi^aM  (CI,  5  II,©),  wliicJi  crystallizes  at  32" ;  if 
il  be  enckHod  in  henneticatly  eeiiled  tulies,  it  ftirnishea  a  ready 
iJKtluxl  of  obtaining  liqnefied  chlorine,  sinue  it  is  easily 
de&iiaposed  by  a  gentle  heat  into  water  and  tree  chlorine ; 
tiie  latter  amounts  to  about  one-fourth  of  the  volume  of  the 
liquid. 

Chlorine  is  not  combustible,  and  it  does  npt  combine  directly 
with  oxygen.  A  taper  bums  in  it  with  a  reddish,  smoky  flame, 
tiie  hydrogen  of  the  combustible  vapour  of  the  wax  combiiiinff 
with  the  cnlorine,  whilst  part  of  the  carbon,  for  which  its  chemi- 
cal attraction  is  but  small,  is  deposited.  Many  bodies,  however, 
take  fire  spontaneously  when  introduced  into  chlorine ;  this  is 
the  ease  with  phosphorus  :  many  of  the  metals  in  a  finely  divided 
state  do  the  same  ;  among  them  are  copper  leaf,  finely  powdered 
antimony  and  arsenicum.  A  great  number  of  organic  substances 
rich  in  hydrogen  are  decomposed  by  chlorine,  sometimes  with  such 
rapidity  as  to  inflame  them ;  a  bit  of  paper  dipped  into  oil  of  tur- 
pentine and  plunged  into  the  gas  bursts  into  flame,  and  deposits 
an  abundance  of  a  bhwjk  carbonaceous  compound. 

The  action  of  chlorine  upon  bodies  containing  hydrogen  is 
often  of  a  very  peculiar  kind.  It  combines  with  part  of  the 
hydrogen  and  withdraws  it  from  the  combination  ;  each  atom  of 
hydrogen  uniting  with  an  equivalent  of  chlorine,  and  forming  a 
powerful  acid,  the  hydrochloric  (HCl) ;  whilst  at  the  same  time 
fw  each  atom  of  hydrogen  so  withdrawn  from  the  original  com- 
pound, an  equivalent  of  chlorine  is  substituted.  It  is  in  this  way 
that  chlorine  exerts  those  bleaching  powers  which  have  rendered 
BO  essential  a  service  to  the  calico-printer  and  the  paper-maker. 
HoBt  of  the  vegetable  eolonr'mg  matters  contain  hydjrogeii,  Ktv^ 
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are  decomposed  by  chlorine,  whilst  colonrlees^  or  nearly  oobor 
lesjfi,  coraponnds  containing  chlorine  are  formed  instead  of  flic  ' 
coloured  compounds  witli  hydrogen.  If  a  solution  of  chlorine  be 
mixed  with  some  of  the  blue  liquid  formed  by  dissolving  indigo 
in  sulphuric  acid,  or  with  ordinary  writing  ink,  or  with  tincture 
of  litmas,  the  colour  will  in  eacli  case  be  immediately  and  almost 
completely  discharged,  and  it  cannot  be  subsequently  restored. 

Another  property  of  chlorine  of  great  valne  is  its  disinfecting 
power, — ^l)y  which  is  meant  its  power  of  destroying  nouons 
vapours  and  miasmata ;  with  this  view  it  is  frequently  employed  fiar 
funii<rating  buildings  after  the  occurrence  of  contagions  diseases. 

i*  rqmratnm. — 1.  Chlorine  maybe  easily  prepared  from  a  mix- 
ture of  10^  ])arts  by  M'cight  of  oil  of  vitriol,  previously  diluted  with. 
7  jiarti?  of  water,  and  allowed  to  cool,  and  4  parts  of  poonded 
elihjride  of  sodium  mixed  intimately  with  3  parts  of  finely  pul- 
verized black  oxide  of  manganese.  The  decomposition  may  b© 
represented  as  follows  :— 

Oxide  Chlor.  Salph. 

maiig.  lodluin.         BalpK  acid.        mangan.     SnlpbaU  of  ndlam.    Witer.      CUwIml 


MnO,  +  2  NaCl  +  3  lUSO,  =  MnSe,  +  2  NaHSe«  +  2  HiO  +  Of 

The  gas  comes  off  slowly  in  the  cold,  but  freely  on  the  application 
of  a  gentle  heat.  A  little  hydrochloric  acid  is  always  formed  in 
the  reaction ;  this  acid  is  easily  removed  from  the  chlorine  by 
allowing  the  gas  to  bubble  up  through  a  vessel  containing  water, 
in  the  manner  shown  in  fig.  289,  where  a  similar  apparatns  is 
employed  for  carbonic  oxide. 

2. — The  preparation  of  chlorine  is  practised  on  an  enoimons 
scale  in  the  manufacture  of  bleaching  powder,  or  chloride  of  lime. 
It  is  generally  prepared  in  capacious  stills,  sufBciently  large  to 
hold  200  gallons  of  liquid ;  tliese  are  usually  made  of  Yorkshire 
flags  clamped  together  with  ironwork,  and  the  joints  rendered 
tight  by  vulcanized  caoutchouc.  The  lower  part  of  these  stills  is 
enclosed  in  a  case  tlirough  which  a  current  of  steam  is  transmitted. 
Hydrochloric  acid  in  solution,  of  specific  gravity  from  1'160  to 
l*i70  (which  is  obtained  as  a  waste  product  in  the  manufacture 
of  carbonate  of  sodium  from  sea  salt),  is  xim  through  a  curved 
funnel  into  the  stills,  which  are  charged  with  oxide  ot  manganese 
in  small  lumps.  Chloride  of  manganese  is  formed,  and  free  chlo- 
rine is  liberated  in  abimdance  ;  the  reaction  is  illustrated  by  the 
following  symbols : — 

Oxide  mangnn.       Uydrochlor.  acid.       Cblor.  mangan.  Water.  Cblorine. 

MnO,     +     4HC1     =     MnCl,     +     211,0    +     CI,. 

This  ]iroces9  may  also  often  be  resorted  to  on  the  small  scale  in 
the  laboratory  with  advantage.  Three  ounces  of  nowdered  oxide 
of  manganese  with  half  a  pmt  of  the  commercial  muriatic  acid 
dilutiul  with  3  oimces  of  water,  wU  yield  between  3  and  4  gallons 
of  the  gas.  Care  must  be  taken  not  to  use  an  acid  more  dilute 
than  1-15  in  the  preparation  of  the  gas;  since,  owing  to  a  neglect 
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cMiis  preeantion,  exploeions  have  in  Bome  instances  occnrred  in 
opendng  on  the  large  scale :  Iiypoclilorona  acid,  or  one  of  the 
Wer  ezploeiTe  oxides  of  chlorine,  was  probably  formed  in  these 


Cms. — ^Besides  the  application  of  chlorine  on  the  large  scale 
ID  bleaching,  it  is  frequently  employed  for  disinfecting  purposes. 
In  the  laboratory  it  is  in  continual  requisition  as  an  oxidizing 
igent:  owing  to  its  attraction  for  hydrogen  it  readily  decomposes 
ntff,  and  liberates  oxygen,  which  at  the  moment  that  it  is  set 
fiee  mters  readily  into  combination.  The  preparation  of  chlorate 
cf  potaBsimn  (382),  of  ferric  acid  (759),  and  of  the  peroxides  of 
eooalt  and  nickel  (720,  730),  afford  illustrations  of  this  mode  of 
eo^loying  it ;  and,  in  researches  upon  the  nature  of  many  com- 
pomds  fiunished  by  organic  chemistry,  it  often,  as  in  the  series 
ft  oomponnds  obtaineoT  from  Dutch  liquid  (488),  is  used  as  a 
IMDS  of  throwing  light  upon  their  molecular  constitution. 

(Moridu. — CMorine  combines  with  all  the  non-metallic  ele- 

inentB,  and  forms  with  many  of  them  compounds  of  great  impor- 

tuiee ;  it  also  enters  into  combination  with  all  the  metals,  and  it 

eombmes  directly  with  a  large  number  of  them,  with  the  usual 

^WDomena  of  combustion ;  the  compounds  which  it  fonns  are 

tamed  Moridei.    Witii  tiie  exception  of  the  chlorides  of  silver 

ttd  the  lower  chlorides  of  mercury  and  copper,  they  are  all  more 

or  less  soluble  in  water.    The  lower  chlorides  of  gold  and  plati- 

nnm  and  chloride  of  lead  are  sparingly  soluble,  esi>ccially  the 

fomer  two.     It  frequently  happens  that  chlorine  combines  with 

the  same  metal  in  more  proportions  than  one  :  for  exanii>le,  with 

iron,  ferrous  chloride  (FeCl,)  and  ferric  chloride  (Fe,Cl,)  iiinv  l)o 

foraied ;  with  platinum  the  compound  (PtCl,)  platinous  chloride, 

known  as  the  protochloride,  and  a  second,  platinic  chloride  (PtCl,), 

nsnally  distinguished  as  the  bichloride,  may  be  obtained ;  and 

generally,  for  each  basic  oxide  of  the  metal,  a  corresponding 

chloride* exists  (538). 

Chlorine  when  in  solution  in  the  uncombined  form  is  easily 
recognised  by  its  odour  and  its  bleaching  properties.  Both  when 
free,  and  when  combined  with  a  metal,  it  gives,  on  the  a«l<liti»)n 
of  a  solution  of  nitrate  of  silver,  a  curdy,  floceulent,  white  precipi- 
tate which  changes  to  violet  on  exposure  to  light :  this  white  pre- 
cipitate consists  of  chloride  of  silver,  and  is  easily  re-dissolvcd  by 
adding  a  small  quantity  of  solution  of  ammonia,  but  it  is  insoluble 
in  nitric  acid.  When  free  chlorine  acts  upon  nitrate  of  silver, 
a  small  quantity  of  chlorate  is  formed  with  the  chloride  : 
CI,  +  6  AgNe.  +  3  H,e  =  5  AffCl  +  AgClO,  +  «  UNO,. 

(374)  Hydeochlouio  Acid:  Muriatic  Acid  (IlCl  =  36".">) ; 
Theoretic  Sp.  Gr,  1-2()10;  Observed,  1'2474:;  Atomic  and  J\loL 
Vol.  I  I  t- — ^The  most  important  of  the  compounds  which  chlo- 
rine forms  with  the  non-metallic  elements  is  that  obtained  by 
its  combination  with  hydrogen.     The  two  gases  may  be  mixed  in 

3nal  volumes,  and  they  will  remain  without  action  upon  ouch 
ier,  if  kept  in  the  dark  ;  but  the  moment  that  they  are  brou<i;ht 
into  direct  sunlight  tiiey  naite  with  a  powerful  explosion,  awo.  a 
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colonrless,  intensely  acid  gas  is  the  nrofUict.     In  diffuspri  daj 
the  coiubiuatiou  takes  place  gradualh' ;  but  the  Jii>i>li<.'atit>ij 
Uichted  match,  or  the  psb^-sagf  of  the  electric  sjiurk  through  tli< 
nuxtiire,  instantly   determines   its  explosion.      One   volnme  o" 
chlorine  miites  thus  with  one  volume  of  hydrogen,  pnxlucing 
volnnies  of  hydrochloric  acid;  no  condensation  therefore  occi 
in  the  act  of  union.     Tlie  composition  of  hydj'uchloric  acid  is  cot 
sequeutly  the  following : — 


ClJorino CI 

Urdrogeo H 


By  wotfeht, 
—     35-5  or  B7  26 
=       1  0  'iU 


By  vol.  Sp  cr. 

I  or   0-5  =   1-3288  J 
I         0-S  =  0.0340  < 


HjrdrocblorioftCid....n01        =     36  6       100  00 


i-o  =  laeio 


So  powerfiil  is  the  attraction  of  chlorine  for  hydrogen,  that  ii 
either  a  solution  of  chlorine  in  water,  or  the  gas  itself  in  a  inoii 
state,  be  e.\]>osed  to  the  sim'g  raj's,  water  is  deeomi>osed.  hyt 
chloric  acid  is  formed,  and  the  oxygen  of  the  water  i)*  lilx-ri 
in  the  dai'k,  however,  cldorine  has  no  power  to  dec( impose 

If  moist  chlorine  be  transmitted  through  a  red-hot  pircelai^ 
tube,  hydr(x;hloric  acid  is  formed,  and  oxvijen  is  set  free  ;  thougli 
on  the  other  hand,  when  hydrochloric  acid  gaa  is  mi.xod  with 
and  transmitted  throxigh  an  ignited  porcelain  tube,  clilorino 
Iil»erated  and  water  is  produced. 

The  comix>sition  of  hydrochloric  acid  may  1)6  analyti<:!illj 
detennined  by  heating  sodium  in  a  mcasm-ed  volume  of  tlie 
The  mc!tiil  liunia  vi\ndly,  and  liberates   a  quantity  of  liydrogcl 
equal  in  bulk  to  that  of  half  the  ga*  employed  ;  common  salt 
formed  at  tlie  same  time.     Analogous  results  are  obtained  if  ir 
or  tin  bo  substituted  for  sodium  ;  chloride  of  iron  or  of  tin  bei 
formed,  whilst  hydrogen  is  set  at  liberty. 

The  presence  lnAh  of  hvdrogcn  and  of  chlorine  in  tlio  acK 
gas  is  easily  sho«ni  by  the  fnllowing  experiment  ((Iraham)  : — J 
quantity  of  hydrochlitric  acid  is  lilK'nite<l  from  fused  chloric 
sodium  by  oil  of  vitriol,  contained  in  the  retort,  a,  lig.  29*,^ 

Fio.  391. 


is  dried  by  being  passed  through  a  tnbe,  h,  filled  wnth  chloride 
calcium  :  thi>f  tube  ij«  connected  by  vulcanized  caoutchouc,  (7,  wit 
a  tube  upon  whicli  two  bullw  have  Inren  blown  :  in  the  tint  aj 
these,  d,  aomo  poandod  aidiydrutiB  black  ooddu  uf  mangatieee 


plncei] ;  a  piece  of  litmus-paj^er  inserfcd  m  tlie  bottle,  ^f,  wliich 
ra'tive,*  tJie  escjiping  ettfl.  is  cjuiokly  reddc'Tit'il  On  aiiplyiii^'  iit'iit 
fo  tbe  Inilf),  d,  containing  the  oxide,  chloride  of  marii;anese  is 
pMiiace*!,  ftiid  nut  being  volatile,  it  rcuiaiiss  in  the  built,  whilst 
water  is  tbm^ed  and  becomes  condensed  in  the  second  bullt^  «■ ;  in 
tlejneanlime  iVee  chlorine  paisscs  on  into  the  Iwttle,  /,  sbowtng 
itwtf  liy  it*  peeuliai-  colaur  ajid  it**  b)cacliin«;  etfeet  upon  the 
Jitmna-]iaper.  Tlie  reaction  has  already  Ijeen  explminett,  and  may 
be  represented  by  the  following  sj-mbok:  4  UCl  +  Stn0,  = 
SH,9+  MnCl^  +  Cn,. 

Preparatwft. — Hydrochloric  acid  pas  ib  ea&ily  procured  liy  in- 
Jwducing  fra^mentg  of  common  salt  (which  has  been  fused  in  a 
nncilde  at  a  red  heat  and  alhjwed  to  cool)  into  a  gliiss*  retort,  and 

tonriiiff  over  it  twice  its  weight  of  oil  of  vitriol,  Aljundance  of 
vdrtjcMoric  acid  gas  escapes ;  it  most  be  collected  either  over 
mercury  or  by  displacement  of  the  air  from  dry  bottlen.  An 
tmnceof  salt  yields  about  350  cnbic  inches  nf  the  gas.  In  this 
case  the  hydrogen  of  the  oil  of  vitriol  is  transferred  to  tlio  chlorine 
(f  tlie  oouiiuon  salt,  whilst  the  radicle  of  the  acid  conibiues  with 
theswiiBm  and  forme  acid  sulphate  of  sodium,  as  is  shown  iu  the 
following  equation : — 

Clilarldfl  of  OH  of         Bjflrochlor. 

awltctm.  Thriol  uld. 

mCl  +  H,&e,  =  HCl  4-  NaHSe,. 

PiKfpertks. — ^Hvdrocliloric  acid  is  a  colonrlejis  gFis,  of  a  peculiar, 
pnajrent  odour,  aucl  an  intensely  acid  taste;  it  irritates  the  eyes, 
and  it' breathed  even  wlien  largely  diluted  producea  coughing.  It 
isal«)  very  injurious  to  vegetation,  causing  the  kavea  to  shrivel 
Mil  tani  brown.  It  is  heavier  than  air ;  100  eul>ie  inches  at  t!0° 
aod  30  inches  Bar,  weighing  39'6-t  grains.  Under  a  pi-e88ure  of 
W  atffloBplieres  at  50*'  it  is  condensed  to  a  colourless  liquid  of  sp, 
gr.  1'27,  which  dissolves  bitumen  ;  it  has  never  been  frozen  ;  the 
refracting  power  of  this  liquid  is  less  than  that  of  water.  Hydro- 
chloric acid  gas  is  incombustible,  and  extinguishes  burning  bodies. 
It  reddens  dry  litmua-paper ;  when  allowed  to  escape  into  the  air 
it  produces  white  ftunes  by  condensing  the  atmospheric  moisture, 
and  terming  with  it  a  body  less  volatile  than  pure  water.  It  is 
instantly  absorbed  by  water :  a  lump  of  ice  liquefies  in  a  jar  of 
the  Ejas,  and  absorbs  it  in  a  moment. 

(375)  Solution  of  Hydrochloric  Acid. — The  solution  of  hydro- 
chloric acid  in  water  is  an  indispensable  requisite  in  the  labora- 
tory. It  is  easily  prepared  for  use  by  placing  in  a  capacious 
retort  3  parts  of  fused  chloride  of  sodium  in  fragments,  and  intro- 
dncing  gradually,  through  a  bent  funnel,  5  parts  of  oil  of  vitriol. 
If  pounded  salt  be  used,  the  action  of  the  acid  is  apt  to  be  too 
rapid.  The  retort  is  connected  with  a  series  of  "Woulfe's  bottles  ; 
in  the  first  a  small  quantity  of  water  is  placed  to  detain  any  im- 
purities which  might  be  carried  over  mechanically  with  the  gas ; 
the  second  bottle  may  contain  4  parts  of  water,  and  should  be 
immerBed  in  a  vessel  of  cold  water,  as  the  condensation  oi  tke  gsA 


104:  SOLl.nON  OF  HTDJBOOHLOBIO  MOD. 

is  attended  with  a  great  disengagement  of  heat.  On  appljing  a 
gentle  heat  to  the  retort  the  acid  comes  oyer  and  is  condensed; 
an  easily  solnble  acid  sulphate  of  sodium  remains  in  the  retort,  aa 
explained  above.  For  manufacturing  purposes  the  decompositaoB 
is  effected  in  iron  cylinders,  like  those  employed  in  the  pr^>ara- 
tion  of  nitric  acid,  and  only  one-half  the  quantity  of  solphnric  aeid 
prescribed  above  is  used ;  2  NaCl  +  H,ee«  =  2  HCl  +  Na^^ 
The  acid  in  this  case  is  in  the  proportion  of  one  equivalent  to 
each  equivalent  of  salt,  neutral  sulphate  of  sodium  remaining  in 
tlie  cylmder,  whilst  the  acid  is  condensed  in  a  series  of  saltjglaaed 
stoneware  jars,  arranged  as  Woulfe's  bottles.  Hydrochloric  add 
is  largely  employed  in  the  arts,  particularly  in  the  preparation  of 
chlorme  as  a  preliminary  to  the  manufacture  of  chlonde  of  lime 
and  chlorate  of  potassium.  It  is  also  largely  used  as  a  solvent  ftr 
tin  by  the  dyer  and  calico-printer,  as  well  as  in  the  mana&ctaze 
*  of  sal  a,mmoniac. 

Water  at  40°  absorbs  nearly  its  own  weight,  or  about  480  tiraol 
its  bulk  of  hydrochloric  acid  gas,  increasing  in  volume  abont  ona- 
third,  and  acquiring  a  density  of  1*2109.  It  forms  a  colonrlesB, 
fuming  liquid,  whicli,  by  a  slight  elevation  of  temperature,  parta 
with  the  gas  abundantly ;  at  this  strength  it  contains  nearly  48 
per  cent,  of  acid,  which  is  about  tlie  proportion  indicated  by  tie 
formTila(IIC1.3H,e). 

If  the  strong  acid  be  placed  in  a  retort,  and  distilled,  it  loses 
hydrochloric  acid,  until  the  liquid  which  remains  has  a  density  of 
I'lOO  at  60°  ;  at  this  point  it  distils  unchanged.  A  weaker  acid 
if  distilled  parta  with  its  water  freely,  until  it  acquires  the  density 
of  1"100,  and  then  it  likewise  distils  unchanged,  at  a  temperature 
of  233°.  Such  an  acid  contains  about  20  per  cent,  oi  hydro- 
chloric acid,  and  corresponds  in  composition  with  the  formula 
(HCl .  8  H,0).*  Common  hydrochloric  acid  may  therefore  easily 
be  purified  by  dilution  till  it  has  a  sp.  gr.  of  I'l,  and  then  distill- 
ing.f  Bineau,  by  concentration  of  the  acid  at  the  ordinary  tem- 
perature of  the  air  in  vacuo  over  sulphuric  acid,  obtained  a  hydrate 
(HCl .  6  H,0)  of  sp.  gr.  1-128,  containing  25  per  cent,  of  the 
anhydrous  acid.  According  to  this  observer  (Ann.  de  Cki/mMy 
III.  vii.  259),  the  vapour  of  the  acid,  sp.  gr.  I'lO,  has  a  density 

*  Roacoo  and  Dittmar  {Q.  J.  Chan.  Soc.  xiL  128)  by  varying  the  preBsare  xmia 
wliich  tho  distillation  is  effected,  have,  however,  shown  that  this  apparent  constancy 
of  composition  is  really  an  accidental  circumstance,  and  that  there  is  no  definite 
hydrato  of  this  acid ;  but  that  for  every  pressure  an  aqueous  solution  exists,  whidi, 
when  distilled  under  that  pressure,  possesses  a  fixed  composition  and  fixed  boiling- 
poiut.  For  example,  when  distilled  under  a  pressure  of  2  incties  of  mercury,  the  dis- 
tillate contained  23'2  per  cent  of  hydrochloric  acid ;  distilled  under  15  inches,  the 
por-centago  of  acid  was  21'3,  corresponding  to  tho  formula  (2  IICl .  15  H,0);  whilst 
under  a  pressure  of  30  inches  the  por-centago  of  acid  was  reduced  to  20*24  (IIOl .  8  H.^); 
if  distilled  under  a  pressure  of  60  inches,  the  amount  of  acid  fell  to  19*0 ;  and  under 
90  inches  as  low  as  18-2  of  HCl  per  cent. ;  the  composition  of  the  liquid  in  tho  last 
case  corresponding  nearly  to  (HCl .  9  Hjii)).  Water  at  32^  according  to  these  olwer- 
vations,  dissolves  0-825  of  its  weight  of  hydrochloric  acid  gaa,  under  a  pressure  of  30 
inches  of  mercury ;  and  at  60°  it  dissolves  0715  of  its  weight. 

f  Chlorine,  however,  as  well  as  chloride  of  arsenic  and  sulphurous  add,  paaaM 
over  with  the  distillate,  if  present. 
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flf  0*69, 1  Tolnme  of  the  acid  and  8  yolnmeB  of  aqueous  vapour 
ImiLe  united  without  condensation. 

Ojnunercial  hydrocliloric  acid  is  liable  to  be  contaminated 
vhhiroa,  which  gives  it  a  vellow  colour;  and  with  the  chlorides 
of  eodimn  and  arsenic,  the  latter  derived  from  the  sulphuric  acid 
emploved  in  its  preparation.  Sulphuric  and  sulphurous  acids  and 
&ee  culorine  are  aiao  often  present  in  it.  If  pure,  tlie  acid  should 
Imtsuo  residue  when  evaporated ;  on  saturatmg  it  with  ammonia 
it  filxmld  give  no  precipitate  of  oxide  of  iron  ;  sulphuretted  hydro- 
gen ihoala  jffoduce  no  turbidity  in  it,  which  would  be  the  case  if 
anenic,  free  chlorine,  or  sulphurous  acid  were  present ;  and  on 
,  dSlition  with  three  or  four  times  its  bulk  of  water,  no  white  cloud 
tf  golphate  of  barium  should  be  produced  by  the  addition  of 
lUMiae  of  barium.  Traces  of  sulphurous  acid  are  also  easily 
^detected  by  Ldwenthal's  test,  which  consists  in  the  addition  of  a 
I^Bxtare  of  perchloride  of  iron  and  ferricyanide  of  potassium :  if 
Hinrons  acid  be  present,  Prussian  blue  is  formed  by  the  reduc- 
■^n  of  the  acid  on  the  mixture. 

The  following  table  contains  the  amount  by  weight  of  hydro- 
lUorie  acid  in  100  parts  of  solutions  of  the  acid  of  the  various 
imi&Bi  therein  enumerated,  at  a  temperature  of  77° : — 


F 


Sbrmgth  qf  Hydrochlorio  Add.  {E.  Davy.) 


l^wdBe 

Hydrochlorio 

Speciflo 

nydrochlorio 

gwTlty. 

add  tn  100  psrta. 

grarlty. 

aetd  In  liH)  iM>rts. 

1-21 

42-43 

I-IO 

20-20 

1-20 

40-40 

1-09 

18-18 

119 

38-38 

1-08 

16-16 

1-18 

36-36 

107 

1414 

1-17 

34-34 

1-06 

12-12 

1-16 

32-3-2 

105 

10-10 

116 

30  30 

1-04 

808 

lU 

28-28 

1-03 

606 

113 

26-^6 

1-02 

4-04 

1-12 

24-24 

1-01 

2-02 

Ml 

22-22 

A  solution  of  hydrochloric  acid  is  decomposed  by  all  the 
metals  which  decompose  water  at  a  red  heat :  the  metal  is  dis- 
solved, and  liydrogen  gsis  is  set  free,  just  as  when  iron  or  zinc  is 
acted  upon  bv  diluted  sulphuric  acid :  for  example  ;  2  1101  +  Zn 

(376)  Action  of  HydrocMoric  Acid  on  Metallic  Oxides. — The 
action  of  hydrochloric  acid  upon  the  oxides  of  the  metals  is  pecu- 
liar. Protoxides  are  dissolvea  by  the  acid,  and  api>ear  to  combine 
with  it ;  but  on  evaporating  the  liquid,  a  compound  is  obtained  in 
which  neither  hydrochloric  acid  nor  the  metallic  oxide  is  present, 
and  which  contains  neither  hydrogen  nor  oxygen  ;  double  decom- 
position ensues.  When  the  oxide  of  a  uni-equivalent  metal,  such 
as  thallium,  or  when  hydrate  of  soda,  for  example,  combines  with 
hjdrochloric  acid,  the  hydrogen  of  the  acid  is  exactly  sufficient 
by  combination  with  the  oxygen  of  the  oxide  to  form  water,  which 
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remains  in  tlie  soltitian,  or  else  cTajxirates  on  the  appIi<^ation 

heat,  whiUt  the  iiu'tut  and  the  cljluriuti  unite  directly  witU  ea 
other,  aa  ia  sliuwii  liy  the  luUuwiiig  avitilKil!*: — 

Oti(J«^c>f  llfimblotit  Chloride  of 

ttulUum.  todl,  (UtUiun.  'Watsr- 

Tl,e      +      2IIC1     j-ield      3Tia      +      i5 

Uydrntoof  Ujrdrncblsr,  Oiliirlile 

aoda,  idiL  Of  tudlum,  WAtcr. 


NftUe     +     UCl    yield    NaCl     +     11,0. 

When  the  oxida  of  a  lii-ei|iiivatent  metal  ib  employed,  lli3 
reaction  Is  Biiuilar,  but  two  atoms  of  hjdrocUlorie  acid  are  coa— 
cernfed ; — 

BJI17IJL  nfilrochlar.  mH        Chlor.  bmrium.  Walor. 

BhO     +     3  KCl     =     fiaCl,     +     H,e. 

But  tlio\i};li  the  metal  may  exi&t  in  snlution  in  the  fonn  of  chloride, 
this  circiuiiataneH  does  not  prevent  it^  precipitation  iu  the  foiiri  of 
oxide,  when  a  strong  base,  such  as  hydrate  of  potash,  is  aJded  to 
a  Bolution  which  contains  the  chloride  of  the  metal  iu  quetition, 
provided  that  the  metal  be  capable  of  forming  an  oxide  insoluble 
in  water.  For  example,  if  to  a  eolntimi  of  chloride  of  eupper  a 
solution  of  hydrate  of  potash  be  added,  the  potastiium  and  c%>ppcr 
change  places,  chloride  of  potassium  is  formed,  whilst  the  hj'driited 
oxide  of  cop]>er  in  proeijHtated.  It  is,  iu  fact,  an  ordinary  io- 
stance  of  double  deeominMition: — 

Ctjlorld*  Uyrtrate  at  ChtoHAe  at  Oj-dratvi)  oxide  — 

of  copper,  potaah.  potauinnt,  ofeopper. 


€uCl,    +    2KHe    =    2  KCl    +    euH,e,. 

A  reaction  not  less  instructive  occurs  when  oxides  containing 
a  larger  proportion  of  oxygen  than  the  protoxides  are  treated  with 
hydrochloric  acid.  When,  for  instance,  1  atom  of  sesquioxide  of 
iron  (Fo,0,)  is  subjected  to  its  influence,  6  atoms  of  hydrochloric 
acid  are  decomposed,  3  atoms  of  water  are  formed,  and  an  atom 
of  perchloride  of  iron  is  obtained  in  solution  : — 

Bydrochlor.  SmquIox.  Perchlor. 

acid.  oflroD.  Water.  oftroD. 

G  IICl    +  Fe,e,  give  3  H.O  +  Fe.Cl,. 

It  sometimes  happens  that  no  chloride  corresponding  to  the 
oxide  exists.  There  is,  for  example,  no  stable  perchloride  of  man- 
ganese :  in  this  case  1  atom  of  the  binoxide  of  manganese  decom- 
poses 4  atoms  of  hydrochloric  acid ;  2  atoms  of  water  and  1  atom 
of  chloride  of  manganese  are  formed,  whilst  2  atoms  of  chlorine 
are  liberated;  this  being,  in  fact,  the  usual  mode  of  obtiuning 
chlorine  gas : — 

Oxid.'  of  Hydro'hlorlo  Chloride  of 

nwngaoeM.  acid.  maogancK.  Water.  Chlorine. 

£e,  -1-  4HClgiveMnCl,  -|-    2H.e  +  CI,. 


Nrnta-MCEiATiG  Acn>. 


Hi7 


Tlie  pren^'iice  nf  LyJrtxrhloric  aoid  aiid  of  flit;  Kolnlile  cliloridfs 

dilution  is  indicuted  li_v  the  t'urinjitioii  ol'  ii  wliito,  ins.«liil«le, 

[T'lv  jirecipitutc  uf  chloride  (if  silver,  when  u  buliitiori  of  nitrate 

rpf  silver  i*    mMtnl    to    thu    liquid;     XaCl  +  Aj^NO,    la-coiiiiiii^ 

(Ag(l-rNaN'0,.     Thi.4  ptcciiiitHto  is  goluhlc  in  RUimunia,  l»ut  iii- 

oluble  in  nitric  acid.     Mercnmns  nitrate  al:<a  ijivw  a  white  Jire- 

(eiliitatc  of  mercuroiu  chloride  (calomel)  in  Milntioiid  of  tnetalliu 

Joride*:  H^NO,-f  NaCl=NaN<:^,-(-HirCl.     Tho  prwii-itate  U 

[,$oluhie  in  chlorine  water,  insolultlo  in  diluted  nitric  acid,  and  U 

uieiliutely  blackened  by  auiiuoniji. 

i'-i'T)   Aqua    KF>(iiA :    Nitnt-Mitnaiic  Acid. — The  name  of 

tijiiii  rifjin  wiiA  given  by  the  alchemist.*  tti  a  mixture  of  nitric  witli 

liydMchloric  acid,  from  the  jMjwer  that   it  jxisisesftOs  uf  di:iP()lvinj^ 

uld,  the   'kin^of  metals.'     Both  platinmn  android  are  in^oln- 

blu  ill  either  acid  separately;  but  when  the  two  aci<ls  are  mixed, 

lev  decompose  each  other;  fi'ee   chlorine,  and  aliuudant  ruddy 

bus,  lon^  migtaken  for  ptmjxide   «tf  nitrogen,  beinir  lilMratcd : 

ill'' clilorine  in  the  moment  of  its  extrication  acts  ujn<ii  tin-  metals 

\c3  them.     The  nature  of  the   reaction  and  the  true 

M  a  of  these   fumes   wore  tiivt  correctly  iuscertaincd   by 

6nyI,H---iac ;  the  investi;;ation  formeil  indeed  one  of  the  hisit  scien- 

litio  laltijurs   of  thid   distingiiiahed  chemist   {Ann.  de   C'Uimie, 

HI.  xxiii.  203). 

Vhhro-NHnc  Gnt,  (NOCl,  orN(\a,);  Bo'tr„i<i-jmnt,\^.— 
'a  mixture  of  1  part  of  concentrated  nitric  acid  and  3  parts  of 
Bydnichloric  acid  be  placed  in  a  fla.'k  and  eubjected  to  a  i^entle 
fttm  the  water  batli,  a,  fig.  295,  red  fumes  pass  oti'  in  abumiauco. 

f  10.  »». 


\  i-! 


bese  vaponra,  if  transmitted  tliroufjjh  a  bottle,  b,  which  may  be 
«ik'd  bv  immersion  in  melting  ice,  deposit  a  little  vijlatiliised 
jrdnjchforic  acid  and  water,  but  the  red  fumes  pass  ou,  aivd  nia^ 


-  ;:.  ^  -^TTSors  gas. 

.  " -t-  twlif  reoc-.ver.  r. 
.   -    ■.  v.liile  lVi.e  •.•!.".".'"''f  •* 
.  —.'<■.{•.  and  ii'.'i  •;:.'>  i^^ 
-  :••  ••1   l>_v  si'iiliii:;  V.;.  rii'^ 
":.-.■  iili»\\]>i|)e.     ']';.■■  .:;•''- 

,■•   "l.>0.  f,  )^•  til  Jil'iiJl'i'T    '..•'   '."■ 

•  .■•■rrii.-ivt.' iictiuii  of  ti;e  i.-;.I' ' 
•■-1  •>'   i:(ill('(tt   the  i'.iiiij''ri:.'l 

li-'iitle  ulcakMUiii  iiiiiv  ii'.-  '.'.if 

■■  i!l  tnu'i-s  uf  luiii.-tiirt.'.     I'.i  ti 

.  ■•.■;ii]Mi.-(;  (i  of  liyilr<.K.-!i!"rii'  mi.0 

N <  >(  ■].. )  ( wliicli  inav  \«j  Tcrim 

.,..■,  and  2  ol'l'rcc  chlijiine: — 


Wator. 


Cijl..r::.r. 


\*.KX  +  4ii,e  +  ci,. 

•■:-i-.d  as  |»cri).\id(^  of  iiitrop:'.!!, 

■   raki-!i   tljL'   jilaco  of  i   atMin 

>.vo  I".'"   it   iri  a  jras  of  a  dt 

■'  catinir  odour  of  a<|ua  ivi:ia. 

•  j:  it  tliroiiirli  a  tiiln-  ^iutouih 

-;■'.:,  wlifii  it  forms  a  lraii>|>arf 

.  ■■::i|>or;e~   tin-   (.•oiii)toiiiiii    iiui 

'  ■.;;  tilt'  >oliitioii  coiiJaiii?  livi] 

•\  Toxidf  4if  nitriiiTi'ii : 

■;\-.x'.!.'  ..f  iIy.lro.Ii)r. 

,•   NO,    -t-    L>  IICI. 

:i  it  i.-  iiii\r-d  witli  an  alkal 
'.  '.i'  ira-  cannot  In'  coiitiiit-d  " 
..'  ■■^lantlv,  forming;  cali-jin.'!  i 


0.\i 

]»OM 

of  d 
nru  i 
clilorj 


■A 


,,^it--«4.'^*^ 


-•  H-Cl   +    N«->. 

■■••,  fir  Sji,   fi/\'2"Jl\7i  I  Ali-I 

\i'd  witii   nilrif  o\idc  in 
■■     '.d  a  dcn-c  oran^'i'-i-olun: 
I  of  cliloriiic  |inidiico  •!  \ 
■••..>t  lu'  formed  o\cr  mi-rcn 
>  lids  iiH'tal.      At  a  Ii'm|n 
•V'scmliliiii;  tlic  cldoiM-ii;! 
whirh  lioils  at  alioiit  ."■!'  . 
^Manccs.  may  jirodiict-  l>< 
.«,.  ••.iM  as  till.'  nitric  oxiijc  m 
•.\-r  which   it  is  mixed  w 
i  .-v'wxido  of  nitrugcn.     In 
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esriy  ft^ires  of  the  dccnmposition  of  aqusi  rer^ia^  the  profliict  is 
neirh*  jiune  L'liloro-uitric  gas  (N€M?!,),  Imt  as  the  defi.iiii[wtf,itioii 
idr»iut?&,  the  f]unntity  of  elilom-nitrous  ga-u  (X0O1)  iiicrcafiej?. 
Seitlter  of  tb&se  clilurinatod  compounda  exerts  aoy  solvent  wctiun 
iiixm  pild  or  platinuru.  By  the  actirm  of  dry  liytlrcieldoric  iiciil 
pi  lijiuii  anhydrous  peroxiile  of  nitrogen,  a  third  chlorinatetl 
fomjrtdJiHl,  XOjC'l  (*/>,  ff^r,  of  liquid  I'iW ;  ofvajmur  2'fi;l},  aiijieara 
to  be  funned,  mixed  with  other  bodies. 

Aijiia  regia  is  largely  employed  m  an  oxidizing  figent ;  hy  its 
srtioii  pereliiorides  of  the  uietals  are  ionned  in  solution,  and  when 
ttie  liquid  is  decomposed  by  an  alkali,  the  oxide  of  the  nietal 
i!i)m*p:/iidiiig  in  composition  to  the  perchloride  is  prdielpitated, 
Bt killing  the  solutions  of  the  metals  in  aqua  rogia  with  an  excess 
ttf  hvdnx'lJoric  acid,  the  whole  of  the  nitric  acid  may  be  decom- 
prfieil  and  expelled,  and  a  pure  solution  of  the  metallic  ebloridea 
ffitL  excess  of  hydroehloric  acid  will  be  fonued. 

OnDKS  OF  Chlorine, 

{37S}  The  attraction  of  chlorine  for  oxygen  is  eo  feeble  that 
the  tro  elements  do  not  enter  directly  into  combmatioTi  with  each 
otli*r.  Several  eompouiida  of  oxygen  and  chlorine  may,  however, 
be  okained  by  indirect  methods.  Three  of  tbe&e  oxide&  may  be 
obtained  in  the  isolated  form ;  they  are  the  following : — 

In  100  IJSrtH 


MoL  Tol. 

c\.  o. 

Hypoctloroaa  wihydride C1,0  —  91         LCj       81*^*  +  l^'^O 

ChJpTOtta  anhjdride. , C1,0,  =  11'9 

Peroiide  of  chlorino C10i  =  61-5 


ff 


59-efi  +  4(l-34 
52-50  +  47-11 


Four  monobasic  oxidized  acids  of  chlorine  may  also  be  ob- 
tiiaed,  viz. : — 

Hypochtorous  add , , . .  HC10  =    53'5 

CMorons  actd HC1&,  =    68-5 

Cliloric  add HCIO,  =    B4-5 

PerchJoric  add HCie^  =  100-5 

Millons  experiments  hav^e  rendered  it  probable  that  other 
oxidized  compounds  also  exist,  the  result  of  the  combination  of 
some  of  those  already  mentioned  with  chloric  and  perchloric 
anhydrides.  ^_._, 

(379)  Hypochlokous  AinrxDEiDE (C1,0  =  87) ;  Mbl.  Vol.  \  \  I; 
Thmetw  Sp.  Or.  3-005  ;  Observed  2*977 ;  Boiling-pt.  abontGS*, 
or  C10=43*5. — ^If  chlorine  in  a  perfectly  dry  state  be  passed 
slowly  through  a  tube,  d,  fig.  296,  filled  with  well-dried  oxide  of 
mercury  obtained  by  precipitation  from  a  solution  of  corrosive 
sublimate  by  means  of  hydrate  of  potash,  immediate  action  com- 
mences, and  a  gas  is  produced  which  may  be  condensed  into  a 
liquid  by  suixounding  the  receiver,  e,  with  a  mixture  of  ice  and 
salt.  The  chlorine  is  prepared  in  the  flask,  a,  washed  with  water 
in  liie  bottle,  b,  and  dried  by  allowing  it  to  traverse  the  bent  tube, 
0^  which  ifl  filled  with  pumice-stone  moistened  with  ail  of  vitriol. 

The.teactjion  between  the  eblonae  and  oxide  o 
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pears  to  be  of  a  simple  nature.     2  atoms  of  clilorine  <lisplaMi ' 
atom  of  oxygen  from  the  mercury,  and  tliis  oxygen  at  the  uiomet 


Fro.  296. 


of  its  liberation  unites  with  two  other  atoms  of  chlorine  to  form 
hypocklorous  anhydride : — 

Oxide  ini<r«.         Chlorine.        Chlor.  mere.        BypMttlor.  mhjrd. 

5^  +  i^cT,  =  Hgci,   +   ci^. 

Hypochlorons  anhydride  is  thus  procured  as  a  deep  red  liqnid 
which  emits  a  vapour  of  a  deeper  colour  than  that  of  cldorint 
witli  a  peculiar  suffocating  chlorous  smell.  This  vapour  is 
niiirkalilo  for  the  ease  with  which  it  is  deitompo8ed,  tne  wannt 
of  the  hand  causing  its  separatifin  into  chlorine  and  oxygen  wit 
exploflon  ;  2  volumes  of  the  anhydride  in  this  way  ])rodnce 
mixture  C5ompo?.ed  of  2  volumes  uf  cliloiine  and  1  volume  of  oxj 
gen.     Tlie  composition  of  the  gsw  is  tlierefore  as  follows  : — 

Rjr  viviirlil.         By  Tnlamci        6|i.  tr, 

Chlorin« CI,     =     71  or  81-6    2  or  10     =     S-463 

Oxygen O      =     16        18-4    1        OS     =     0  562 


Hypoclilorou* 
oulivdride 


[..    CI.O     =     87       100  0    a        1-0     =     3-006 


nif/m'hhT^m  Acid  (TICIO  or  HO,OIO=52'oV— Water  dS 

Bolvet*  al)out  200  tiinc«»  it:*  l»ulk  of  grt^foufl  hypoi-hlnrous  anhi 
dride,  and  forms  with  it  a  pale  yellow  soltitinn.  wliicli  hiw  an  arrJc 
hut  rii)t  sour  tastn.  In  a  e.onc«ntrHt«'«1  form  this  S4iliifi<>n  ia  ver 
BUPtable  ;  it  acts  as  a  jnnverful  oxidizing  agent ;  hut  i**  rapidf 
dci'oiiiposed  when  ex]i<n-ed  to  the  light,  hubhlisof  clilorine  escai 
ing  from  it,  M'liilst  <'hl<iric  acid  ir*  fonne«l.  Charcoal,  iodine,  »« 
pliur,  selenium,  phusphorus,  arsenicuni,  and  tinoly  powdered 
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aonr.  decompose  a  wjlution  of  hypochlorons  acid  rapidly,  and 
ire  c<iaverte<i  by  it  rttfijMXitively  into  carb«inir,  iVxiio,  biilphtiric, 
jelenic,  phi>sphoric,  arsenic,  and  antiinonic  acid^:  il'  tlio  8<jlution 
bf  (Mnwntrated  tlie  action  is  sometime:*  nttomUMl  witli  oxplottion. 
lr<iri  tilings  are  also  immediately  oxidized  with  evolution  of 
til  rint'.  Silver  is  converted  into  chloride  whilst  oxygen  is  liber- 
atfl.  and  copper  anil  mercury  comliine  with  [n.>th  the  oxygen  and 
die  chlorine,  lumishing  oxycldoridea.  The  contact  of  chloride  of. 
•liver  with  the  solution  of  the  acid  al-so  decomposes  the  latter, 
causinjj  the  separation  of  both  oxyeen  and  chlorine  in  the  gaee- 
ouslDmi,  whilst  the  metallic  ehlori<le  api  tears  to  have  undergone 
nouItcratioQ.  Hyj^ocldorous  acid  attacks  the  skin  and  turns  it 
Wi«-n  ;  litit  its  most  important  property  is  its  bleaching  i>ower, 
;iceordiiig  to  the  experimenis  ot  (-J  ay-Lussao.  is  twice  as 
.  .-  that  of  the  chlorine  which  it  contains.  When  hypochlo- 
ruus  acid  or  any  of  its  salts  is  heated  with  hydrochloric  acid  in 
excess,  an  atom  of  each  acid  is  decomposed,  water  is  formed,  and 
2  stoins  of  chlorine  are  liberated;  1101+11010=11,0  + CI,.  If  a 
fia^inent  of  sal  ammoniac  be  snspended  in  a  solution  (if  hypochlo- 
nm  acid,  oilv-Ioi:>king  drtips  of  the  explosive  compound  Known 
tt chloride  ot  nitrogen  (.38t!)  are  formed. 

Hypoehlorous  acid  by  it*;  action  upon  the  alkalies  and  earths, 
.Its  tenned  hi/p<whh>riteJi.     These  compounds  are  de- 
,       .  jven  by  feeble  acids,  such  as  the  carboni(; ;  and  the 
hTytwhlorous  acid  thufi  liberated,  shows  its  nsual  bleaching  action 
.„, .,. -stable  colours.     The  solutions  of  thc^e  salts  are  decomp«;»8ed 
riy  heating  them,  and  they  become  converted  into  a  mix- 
ture of  ctdoride  and  chlt>rate  :  tlius — 

of  poUudum. 

3  KCie  become  2  KQ  +    KCIO,. 

Tlii-i  change  ifl  retarded  by  the  addition  of  an  excess  of  caiiatic 

alkali. 

\Vlien  chlorine  acta  upon  the  oxides  of  metals  which   have 

tint   a    feeble    attractitm   for    oxygen,    these    bases    are    otten 

'•i'TH|ilptely  decomposed.  In  conseqnence  of  this  reaction,  a  weak 
1  of  hypocnlorous  acid  is  easily  prepared  by  agitating  1 
r  the   red   oxide  of  mercury  with  12  parts  of  water  in 

i  large   bottle    »f   chlorine  gas,   care    beijig    taken    that    the 

.'.i,  ,.f  mercury   is   in   slight  excess.     The  chlorine  is  rapidly 

•d ;    part  of   the    oxide   of    mercury   is   decomposed  by 

urine,  and  the  chloride  of  mercnry  thus  produced  unites 

1  p<jrtion  of  unchangetl  oxide  of  mercury,  forming  a  brown 

iii>j1iiI>1o    oxychloride  of    that  metal  ;    the  solution    on    being 

decanted  is  found  to  contain  liypoclilorous  acid.     The  reaction 

iiiiy  be  represented  as  follows : — 

Witw.       Oxtde  of  mrrcary.      Oilorioe.       Oxychlorlde  of  mercmr.      HypoeWor.  add. 

115  +  3  %e  +  20^=  2  figOjfigCi,  +  2  Eao. 
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(3S0)  Jilcarfihuj  Conipontids, — Iftlicbase  upon  ■wTiiPhTM 
is  ma<le  to  nt't  In*  a  jiDwert'iil  imu,  siu'li  as  lui  alkali  ur  ulk< 
earth,  the  gsvs  i*  absorbeil,  nn<l  a  pecnliar  coinpitund  posbos^uJ  of 
bleaching  properties  i*  produced.  It  is  in  tiiis  way  that  th^ 
blcfwhinir  foiiipomids  so  extensively  iisdl  in  tJie  orta  uiuior  th< 
names  of  chloriile  of  lime,  chloride  of  potash,  and  clil'ivido  c( 
soda,  are  projmrefl. 

Of  these  bleaching  compounds   the   ehlonde   of  lime  is 
most    important.      It  is  prepared   hy  Hlaking    well-burnt    lime 
and  expooing;  it  to  the  action  of  chlorine  gti*  in  layei"s  of  2  oj 
3    inches   in   thickness,  upon   i)erforated    fchelves    in   chamber 
made  of  lead,  or  of  Yorkshire  nagstoncs.     The  chlorine  tunst " 
admitte<l   jp'adnally,  in   order   to   prevent   too  rni>id  n  rise  ol 
temperature  conseuuout  upon  a  qnick  absorption  of  the  gas^     I( 
the  heat  be  alloweu  to  rise  beyond  Kur  ^r  110'  F.,  a  (piantiiy  of 
chloride  and  chlorate  of  calcium  is  fornu-d,  the  reaction  bfinj 
similar  to  that  which  occurs  durini:f  tlie  preparation  of  c!' 
potus^inm  (382).     Slaked  lime  (<5alI,B,)  may  in  this  ojn! 
made  to  take  up  aliout  half  its  weight  of  chlorine :  but  il  iis  nc 
possible  to  comliine  hydrate  of  lime  in  the  form  oi  powder  wit 
an   entire  equivalent  of  chlorine  so  as   to  form  the  cotnjxnin^ 
OaOCl, :    the   j)rodact    always    contains  a    considerable   exc 
of  ui'comliined  lime.*     Many  chemists  consider  botii  this  cor 
pound  and  the  coiicflixtnding  compounds  with  juitash  and  todu 
be  hypixhioritcs  of  the  metals  which  enter  into  their  formalionj 
in  this  cjise  tliey   must  be  double  salts  of  the  hyjiochlonte  an^ 
chloride  of  the  metal.     This,  however,  i&  more  than  qucitiunablc 


Hyilml*  of  Unn. 


Chlortne. 


CTilnrlite 
oroali'lum. 


nypochloHUi 
of  etJdDui, 


W«l«r. 


2  ean,e,  +  2  ci,  =  etici,  +  ea  2  cie  +  2  11,0. 


•  A  few  years  apo,  Mr.  Dunlop,  of  tho  .^.  Rollox  Works,  Qlasftow.  introdno 
a   mntli  )(J    of    propariti),;   cUorine    for    tho    nianufacturo    of   bloacliinj;    powt 
decomposiiii!;  It  mlxiuro  of  oommon  wilt  and  nilnitv  of  ncxliiim  with  sivlpbar 
Id  this  oporaiioQ  chlorlue  and  uilroa«i  acid  uro  cvoIvckI,  whUtit  HulpLatu  of  to 
produced;  the  reaotioa  may  be  traced  by  tlxo  ociaotious  following: — 

KUrtiiu 
Cblor.  Hi<l.    Nitrate  of  Mdlnm,    Solphudd,    Balplmla  of  •oiOun).    Chlorine.    iuiliyari<S«.     Wctar. , 


4  NiiCl  +  2  NuNO,    +    .1  H,80*  =    3  Xa,SJ<>4    +    2  01,   +  N,0,   +  3  n%i 


The  mixed  iniscs  nrc  mndo   '-  • 
wlilcli  llif  nitrous  acid  is  lop 
A  furriTit  nl  o(r  is  ru.ido  to 
Bcid  Ixjroiiies  iX'iiviTtwJ  iulo  nilri' 
mixed  uvidia  h-Mit  modo  Ui  act  up 


•   7  — '  — 'lining  oil  of 

•■•  lo  ihii  iiliTCiqjliuii  of 
ilorido  of  i>o<liuui.  wili 


of  nitre,  (^tc  ri»u  to  n  similar  Bucx-bd:iiua  ui  duconipoHitiuDt : — 

KItratu 
Bulph.  a<U.       Kltrtc  add    ChloHfle  of  «Kllnm.  Sii'p1i<  xx^uni,     C^torlnv.    ftllhyOfW*.     Wfltal^l 


2  U.SO.    +    a  HNO,    +    4  Nna   =    %  N^jSe*    ^.    a   01,  +  N,<^,  +    8  Viti 

The  nitrous  sulpliuric  add  may  hIrq  bo  at  OWM  mmlo  ose  of  In  tho  Imden  dumtt 
in  the  mnuuGictucv  of  oO  of  vitriol  (413X 
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are  prol>ably  direct  combinations  ot*  fliloriiie  with  the 
It  the  ciMopoimd  Itc-  !SU]ti><>se<l  t<>  Ik.'  a  puiti  i-1ilitri<le  of 
Ime  or  oxycljloriile  uf  cak-iiuii,  the  reaction  is  simjiiy  nn 
nbrijrbtion  •►t' chlorine,  by  which  tlieeornrHHiinl  ©jiBtH^  is  furinwl ; 
\mt  if  it  be  feupywised  that  a  h\'poc5hlorite  is  pnwlncetl,  the  following 
decomposition  miiot  occur : — 


RfilnU  of  llB 


0&lortn«. 


CMnriifcl 

of  c«klaiii. 


or  ealolum. 


Wfttcr. 


2  eall,e.  +   2  Cl,   =  €aCl,    -|-  Ga  2  CIO  4-  2  H.O. 

CUi>ri']e  rtf  calciuiu  is  deliqiwscent,  and  m  soluble  in  alcohol ;  but 
bl  'wder,  when  proj>erly  made,  is  not  doliquftjcent,  and 

yit  ly  liny  chloride  of  cjiluiiun  to  alcohol. 

CLiiorido  of  linie  emits  the  peculiar  odour  of  hypochlorons 
acid  wbeu  exposed  to  the  air  ;  under  these  circumstances, 
Iwwever,  it  gradually  al>sorl)8  carbonic  anhydride,  and  exlmles, 
Dothypicblorous  acid,  but  chlorine, — a  circutnstanco  which  canses 
it  tf)  l>e  frequently  used  as  a  disinfecting  atjent.  Cloths  dipped  in 
ous  solution  of  the  diloride,  when  hun«r  up  in  the  room  to- 
u'^ted,  continue  for  many  hours  to  emat  chlorine  tjradually, 
but  iu  quantities  too  small  to  be  injurious  to  the  inmjites.  Com- 
niorcial  chloride  of  lime  is  only  partially  soluble  in  water,  and 
leaves  a  large  residue  of  hydrate  of  lirne.  An  excess  of  any  acid 
wicn  [Mjured  upon  the  ]x>wder  causes  a  free  evolution  of  chlorine  : 
but  if  the  aqueous  solution  be  mixed  with  half  the  quantify  of 
»if'  id  required  to  noutndize  the  liine,  liyiKicblorous  aci  I 

iiii  lied  oti'  and  condensed  in  n  dihited  form  in  a  suitab!*.* 

rectivcr.     The  reaction  which  occurs  may  be  thus  represented  : — 


QOoiido  of  Hme.         Sniph.  acid. 


Sulph.  caldum. 


Chlnrlde 
»f  (Milctiim. 


Ilypochlo- 


2  GaOCl.  +  H,Se.  yield  eaSe.  +  OaCI,  +  2  HCiO. 

Cliloride  of  lime  is  consumed  in  vast  miantitios  in  the  ])leach- 
Ing  of  cuiieosd  and  other  woven  goixls,  1  he  cuiico  is  well  wn^^he  L 
aii<l  iMiiled  ^iiccf-ssively  with  lime-water,  with  mucli  diluteil  sulphu- 
ric Hf*'").  mill  with  a  weak  solution  af  caustic  soda,  iu  order  to  remov'- 
tl"  -  drossinp;,  and  gresisy  tind  resinous  matters  :  it  is  their 

W'  I  and  digested  in  a  solution  of  chloride  of  litne,  co:i- 

taiaiii^  :i  or  2^  per  ceut.  of  bleaching  powder.  The  Iileacliinx 
effi»ct  uf  this  solution  is  not,  however,  rendereti  apparent  till  tiivj 
goods  are  immersed  in  very  dilute  sulphuric  acitl,  which  docom- 
JH«es  the  chloride  of  lime  immediately,  and  by  liberatiua:  clilorine 
within  till!  tibies  of  the  cloth  itself,  rapidlv  removes  tlie  culour. 
Still,  however,  it  is  not  perfectly  white,  'fhe  calico  is  tlterefo.'e 
wished,  and  a  second  time  subjected  to  the  action  of  alkuli,  to 
retnove  tlie  colouring  matter  now  rendered  soluble  in  it  by  the 
tetiou  of  the  chlorine  ;  again  it  is  passed  through  a  weaker  solu- 
tion of  chloride  of  lime,  and  then  through  dilute  acid  ;  finally  it 
i»  tliuroughlv  washed  in  a  copious  stream  of  water,  in  order  to 
remove,  the  tfist  traces  of  sulpnuric  acid,  which  would  otherwise 
de»trov  the  fibre. 


114     KSTiMATii'N"  OF  THE  Ei-]:Aon:x«.;  pi:iwe:r  or  cnLOEn-r  -rr  inrr. 

■  -"^Vi  A"v''v,  •'/..'i./i'/,,-  p,\  ■■].:„. 1  Potn-r of  Cnori-^-:  -'I'-  i. 
— 'I'.-.-  .■.•:i:::irVi'i:t.]  vii'.rn'  ■•!'  ?']i.-;ii-]iin:r  jHiwder  dvf<-ii'>  '.'.•  '..  :;.■? 
<ll^•  •.':■>■  't'oli^'ii:.'.'  wiiii-li  t.-:.:!  !>»' lil>i'rate<ll'n«in  it  l>y  ;"•..--;•.:  L::.r. 
"'■.  :.-.  :.•  '.■".  :  ''  >•:  '.:  i-  t!.i»  i>'r:;>'ii  nfit*  cliliTJiie  «>uh"  wliiiO.  :-  r-.v^H- 

t:  1  "   .;  .":."-.:j:  ]■  'Ai:-  1-y  luiiirurtim-nt  of  the  bulk  of  a  !-.>.:■:::.  .:" 

i:   ...      :   rx'.iv'V.n  -::v:i_'t;.  whii-h  a  jrivt-n  weight  of  the  ci/.>  r!  Ir  :? 

.  ■     >..■.:'>•-■  it':"-"  .'.".v  i-.''.'",ir:  ami  siibsequfiitlT ht'de:^."..:::.-;-: 

.-..:  ,:  ;.v:.. ■..."".!.   >.■':'.  Kiio  liy  the  quantity  of  a  ^::^^  :.-.ri 

■«  "         .    :  .>>-.'    >  ;..".".  \x':.:rli  t-oiihl  he  converted  by  &  V-   tts 

\>;  ..   :    •■  :".  .   ■  _'  -;■  w^'i:-  into  aivonic  acid. 

A  -:  .'.   •.  "v     •  <-:   .■■.■:  v'.:'.'!)  ha*  been  de?cril)ed  by  Gr;-.r.'5n:. 

;:  ...    .•    -  "•.•  -.  :-.v    ".. :-. r*^i'.i:i:ion  of  the  quantity  < if  a  :vrr>.r^ 

^..:  ..      ■•  V.  ^'^ .  •■-  V, ;  _  .:    ■:  'loathin!;  ]xnvder  in  tl'ie  ]«rf~t-:i •:■•:-  oi 

..  .  .\..>-    :  ..V    '.  >•..■.  .   ■.■••-.:■:  '.:.:■•  a  ferric  salt :  if  ferT<iUr>K:-.LiTe 

\     -.  •.  "i  .■.-•■■<  -.  •■  ."  "  •'••.•-   :.ro  n^piired  for  the  Ounvei^:':!  of 

:  V-.  "   •  :    '.  ..:  •.i-.  i-f  ferric  snlphate;  the  el.',  riie 

-    ..'A-:.  ;•.    ■.-..'v.i:  ImhvK'hloric  acid,  a^  i?  i;;OTrn 

:  .>.^        ■  :    >'^    -  t  .■r>n,  =  Fe.  3  so,  +  2  HG 

-    V  .  >'v\  ^  1I,0. 

««.  .:  •     -    ..   ^*:....  1(1  <rreen  fuliihate  of  iron  require 

,■     ■     .:..••-.  vvorsi.-ii  into  the  ferric  snli'haie. 

.\  ^-      •.■   :  v.-  •-•.  :::o  value  of  a  bleachinjr  puwder. 

N  .  .  .•>    .  \  .-  \>:    -  >^:' t'ik*  iTivcn  sulphate  are  disi.ilTcii 

.  .•..,;:•..:  iicitlulated  with  suli'hnne  or 

.  ■     .,  ..    -  .■:  :"'.:•  Mt:uhin<r  ]K>w(ler  are  rubl>«il 

•.:.•.:•  \\i:h  "J  ounce?  of  warm  watt-r. 

■  .-       «:.   v,  ".  i.«  a  burette  or  tall  narrow  tul* 

^     •  ■.    •.    ;  .  ^..-c.Me  of  hoMiui;  K.MKJ  grain?  of 

\ ■  ■  ^v;.  -.i.ted  into  100 equal i>art> from 

.\.  ...  «  ■\\;r.-,>.      riie  mortar  IS  washed  with 

.  ,  ■  .  •  .  «;.:;»r.  and  the  washings  ail<le«lt<> 

^  ••.  :' c  bunne,  which  is  lilK-d  up 

>«  .  \  .     »  •       " .      rii-.'  opening!  at  to])  aiv  closi-d 

\i  >    ■.••.;:i  V  :.:<.<:  tl'.nmb,  and  tlie  contents 

.   X .  --, '.  .r.i  '.;.;\i'«i  t]i'>roUghly  by  agitation. 

...       .  .■■■\  .>i'  K  ::l.>-ii'.e  ot'  lime  is  thoi  added 

,.  \    :.>  -.i.c  >r.lp!ia!c  of  iron  (con^tantly 

;:   .   .'  v..  \:-,n\>\   until  the  whole  of  the 

.'     » .     .  ,•   ',::'..■  >;>'■!.     The  progress  of  the 

\  '.  ,        \      .  iv.- .>;  a  ^I'iution  of  tliercd  jH'Usiiate 

.    .        »  V,--   .  .  ,■,•■>  .■..•.,•  \\\\]<.  the  iiiiuid  if  it  <'ontain 

.    .^^         '  .  •  ,:.■      S»>Mr;>I  »h-opsofthis  liqni<l  are 

..  vv    "■      i  ^»       '    •'     . .  •.••.•;•/;<-;•  e:i»li  addiiion  of  the  chioride 

':...    •      N-  -"v'        ••  .-.  -   ■.•:•..■.!,'.  :i  dn>p  of  the  iron  s<ilHtii»n  is 

:    \i\l  «  '1  ."i-K-  v*;   .  ■,'.-v\  ;•■."  -.'■.I' iKuiiiioii  of  the  chK)nde  is  con- 

'.'1.1  ,!     ,'  '0:1,;    I.-,  ''o  •.■''.so  \\>!.Mn'  appeal's.     The  stronger  the 

''f.i.  Ii  :i:;   i>o«vic!\  '".v*  tv'\\v»r  wi'.l  K»  the  number  of  divi.<ion8 

i..^uii»d  lo  'v  pouiwi  llVMi  ihcbuivtio.    ThisnumlKirof  diviMona 
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divided  by  2  will  indicate  the  numl)er  of  grains  of  bleaching 
powder  which  contain  10  grains  of  available  chlorine.  The 
strength  of  the  powder  is  therefore  obtained  by  the  following  pro- 
portion, in  whicli  m  represents  the  niunber  of  measures  poured 
from  the  burette  : — 

^ :  10  :  :  100  :  z  (the  number  of  grains  of  chlorine  in  100  grains 
of  tlie  powder) ;  or  2JULft=a?. 

The  process  of  converting  a  lower  oxide  of  a  metal  into  one 
of  its  higher  oxides,  by  means  of  chloride  of  lime,  admits  of  being 
frequently  employed ;  indeed,  a  solution  of  chloride  of  lime,  when 
mixed  with  hycfrochloric  acid,  furnishes  a  powerful  oxidizing 
^Dt.  Peroxide  of  bismuth,  of  cobalt,  of  nickel,  and  of  lead, 
mav  be  obtained  readily  by  adding  a  neutral  solution  of  chloride 
of  lime  to  neutral  solutions  of  the  salts  of  these  metals  and  heat- 
ing the  liquid. 

(382)  Chloric  Acid  (IICIO.,  or  II0,C10.  =  84-5).— Chloric 
anlirdride  has  not  been  isolated,  but  if  a  current  of  chlorine  gas 
be  caused  to  pass  through  a  solution  of  caustic  potash,  it  is  rap- 
idly absorbed,  even  when  transmitted  in  a  continuous  stream,  and 
» bleaching  liquid  is  formed,  which,  on  the  application  of  heat, 
luses  its  bleacning  properties,  and  is  gradually  converted  into  a 
wistnre  of  chloride  ancl  chlorate  of  putaissium ;  6  atoms  of  chlorine 
md  6  of  hydrate  of  pot«ish  furnishing  5  of  chloride  of  potassium 
and  1  atom  of  the  chlorate,  whilst  water  is  liberated — 

3  CI, +6  KIie=5  KCl+KCie,+3  H.e. 

The  chlorate  of  potassium  being  si)aringly  soluble  is  free<l  from 
tbe  chloride  by  two  or  three  crystallizatiuiis.  In  order  to  obtain 
eliloric  acid,  the  chlorate  is  decomposed  by  the  addition  of  hydro- 
iiuorijlicic  acid,  which  forms  an  insoluble  compound  witb  the 
potassium,  and  chloric  acid  is  liberated — 

2  KCie,  +  lI,SiF.=2  IICie,-FK,Si  F,. 

Tlie  acid  solution  may  be  poured  off  from  the  precipitate,  and 
Concentrated  by  evaporation  over  the  water-bath  at  a  heat  not 
exceeding  100°  F.,  till  it  forms  a  syrupv  liquid  of  a  faint  chlorous 
smell,  and  a  powerfully  acid  taste.  It  is  instantly  decomposed 
by  contact  with  organic  matter,  and  in  its  concentrated  form  it 
cliai-j  and  even  sets  lire  to  paper.  By  a  tcnij)erature  a  little  above 
1""^  the  acid  is  decomposed  into  oxyircn  gas,  chlorine,  and  per- 
ehluric  acid;  8  IICIO,,  yieldiui,'  4  IlOlO.-f  2  11,0 +  3  0, +  2  CI,. 
In  difl'used  daylight,  it  graduaUy  undorgues  spontaneous  decom- 
puMtion.  On  one  occa-sion  a  small  specimen  which  I  had  sealed 
np  in  a  glass  tube  was  placed  aside  upon  a  shelf;  l)ut  in  a  few 
weeks,  although  left  untouched,  the  tube  exploded  in  consequence 
of  the  expansive  Ibrce  of  the  liberato<l  gases. 

The  metallic  salts  of  chloric  acid  recpiire  a  higher  temperature 
for  their  decomposition  than  the  acid  itself.  The  action  of  Kcat 
upon  cbJorste  of  potassium  bos  already  been  mentioned  as  afford- 
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incf  a  vory  convenient  source  of  pure  oxygen  (SSJi).     Tliis 
wlit'ti  he!>te«l  to  a  point  a  little  slu'it  of  redness,  lui?os  and  is  <x>r 
vci-tfd  into  ohlorido  of  jKitJi^siuui  and  oxygen  gas;  2  KCIO, 
cominijd  KCl  +  SO,. 

This  decotti]M>!<ition  al^^o  fnnnVhes  data  for  ascertaining  tli« 
eoin])oftiti«iJi  of  ohloric  arid  ;  for  if  a  given  weight  i^f •  the eUlon»t< 
be  calcined  with  suitahle  precaution,  the  loss  iudicateH  tl»e  entfr 
fjnuntity  of  oxygen  wliidi  it  contained.     The  proportitm?  i«f  chl 
riiie  and  of  pntassinm  in  chlonde  of  potassium  being  known,  tlifl 
coinpiisition  of  ehluric  acid  is  rc:ulily  calculated. 

('Moriit'^M. — 'I'lic  salts  of  chloric  acid,  or  the   chhrfttfs,  «ro 
monobasic,  witli  the  general  formula  M'CIO,.     All  of  them  ar 
decomposed  by  heat ;  oxygen  is  expelled,  and  generally  a  chloride 
of  the  metal  is  lefl  behind :  the  chloride  cji»^)e  detected  in  tii<l 
re«i<lue  by  nitrate  of  silver.     The  chlorates  produce  scintillatio' 
when  thrown  ajMin  ignited  charcoal :  and  when  heated  with  coni^ 
bnstibie  .euliMtances,  such  as  ph<>s])lior»s  or  siidphur,  tliey  expIiMU 
violently.     It  generally   happeni*  that   mere   friction  with  the= 
bodic;;  isi  .>urticieiit  To  cause  a  powerful  detonatioji  :  fur  examplyj 
if  half  a  gnitn  of  hulphiir  be  triturated  in  a  mortar  with  2  or 
grains  of  chlorate  of  ])ot!us*ium,  the  friction  is  attendetl  with 
bcrie*  of  tiuuill  explosions.     When  a  fragment  uf  a  chlorat«  if 
jilaced  in  a  drop  of  oil  of  vitriol,  a  yellow  colour  in  produced,  atic 
the  jR'cnliar  (Mlour«if  peroxide  of  chlorine  isi  evolve<l.     Nitric  acit 
deco7iip<ises   the   chlorates   with  formation  of  a  nitrate  nn<\  J'or^ 
cliloriite  of  the  metal,  while  free  chlorine  and  oxvijen  e^catMij 
8  KC1B,  +  +  IINO.=4  KCie.-f-ii  Ul,  +  3  0,4-2  II,V>  +  4  lvM.% 
IIvdnK'hIoric  acid   liberatt's  <'uchloriue  (p.   12ii),     Many   of  tli< 
chloratce  are  delirpici^icent ;  thov  are  all  soluble  in  water ;   b« 
mercurous  chlorate  is  least  80 ;  tfieir  aohitions  are  not  jirecijutaltx 
bv  nitrate  of  silver;  many  of  them  also  are  solulth"  in  filc<»l«ol 
Paper  soaked  in  a  irolulion  of  a  chlomte,  and  allowed  to  dry,  ac 
«iuiret»  the  property  of  Pmoulderiug  when  kindled,  and  l)tirns  ji 
tiic  same  manner  fts  touch-jiaper.     The  chlonitc,-  when  in  solutiouj 
even  in  t>mall  iiuantity,  may  readily  be  dihtiuguished  froiu  thi 
nitrate**,  by  tuidiiig  first  a  1*isy  drops  of  a  solution  of  iniligo,  arid 
then  a  liolution  of  sulphurous  Bci<l ;  the  blue  colour  innuediatelj 
dibajtjjeai'H  even  without  the  application  of  heat,  but  it  remair 
nnaltei'cd  wlieu  nitrat(.«only  arc  present.     The  chlorate*  of  \>*>U 
slum,  so«lium,  and  silver  are  iiniiydrous;  that  of  barium  contain^ 
1  atom  of  water,  and  that  of  struutiinn  •!  atoms  of  water. 

(Chlorate  of  potassium,  when  in  solution,  often  affords  a  «ni4 
venient  method  of  converting  the  metallic  protoxides  into  peros 
ides;  since  by  the  addition  of  iiydrochloric  acid  to  the  KolutioT 
chloric  aci<l  is  set  at  UlnTty  and  exert-tits  oxidizing  power.  In»t 
for  example,  when  it  existj*  iti  a  fwilution  as  a  ferrous  salt,  is  thtti 
rendilv  convert«(d  into  a  ferric  salt  when  the  li<|uid  is  Ixiiled. 

(3'83)   Pk»l:hi,ouic  Acid   (IlCie.,  or  H0,C10,   =   lOO-.'i).- 
Perchloric  aidiydridc   it»  unknown.     If  instead   of  1 
chlorate  of  potassium  to  complete  deooraiiosition,  tin- 
be  mudorated  and  the  pruucea  Bto]>]>(xl  wliuu  une-third  ui  Liie  tvt 
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fnntity  of  oxygen  has  been  expelled,  tlie  mass  will  hare  assumed 
t  pasty  condition,  and  will  be  iound  to  contain  a  compound  bf 
duorine  with  a  still  higher  proportion  of  oxygen,  to  which  the 
name  of  perchloric  acid  has  been  given  ;  this  compound  remains 
in  combination  with  a  portion  of  the  potassium.  The  reaction 
ippeuB  to  consist  in  the  resolution  of  2  atoms  of  the  chlorate  into 
1  atom  of  perchlorate  (KCIO,)  and  1  of  chlorite  of  potassium 
(KCIO,) ;  this  latter  salt  being  unable  to  exist  at  so  high  a  tem- 
peratore,  is  immediately  converted  into  oxygen  gas  ana  chloride 
'^potassium,  as  follows : — 

ChkntaoT  Chloritoar        Frmblflnito  of  Cfalnritoof        Cliloridcor     n,— «. 

putMdaB.  potaadnm.  potaulnra.  pahn«lnin  palkMlnm.        ^•'■"* 

8KCie,  =  KCie.  +  KCie.,  and  KCIO,  =  KCl  +^ 

By  crystallization  the  perchlorate  of  potassium  is  readily  separated 
mm  uie  more  soluble  chloride.  The  perchlorate  is  freely  dissolved 
bj  boiling  water,  but  as  the  salt  is  much  less  soluble  at  ordinary 
temperatures,  it  crystallizes  from  the  solution  as  it  cools,  and  is 
doited  in  octohedra.  At  a  red  heat  the  perchlorate  is  itself 
nmved  into  oxygen  and  chloride  of  potassium. 

One  method  of  obtaining  perchloric  acid  in  the  form  of  hydrate 
eonagts  in  distilling  the  perchlorate  of  potassium  with  four  times 
ih  weight  of  oil  of  vitriol :  if  the  receiver  be  kept  cool,  the  first 
portions  that  distil  over  crystallize  in  long  silky  deliquescent 
needles  consisting  of  (HC104,II,O) :  a  large  proportion  of  the 
acid,  however,  is  decomposed  into  chlorine  and  oxygen  gases. 
According  to  Roscoe,  the  best  method  of  preparing  |>erchlorie 
acid  consists  in  boiling  down  a  solution  of  eliloric  acid  obtained 
by  the  action  of  hydroiiuosilicic  acid  upon  chlorate  of  potassium, 
liwer  oxides  of  chlorine  escape,  and  an  impure  solution  of  per- 
chloric acid  is  left,  which  is  purified  by  distillation,  when  a  heavy, 
colourless,  thick  oily  liquid  passes  over.  If  this  be  heated  it  gives 
off  dense  white  fumes.  By  distilling  this  liquid  with  four  times 
its  voliiine  of  oil  of  vitriol,  a  yellow  mobile  fluid  consisting  of  pure 
perchloric  acid  (IICIO,)  first  comes  over.  This  is  followed  by  a 
thick  oily  liquid,  which  is  a  hvdrate  (containing  <>5'8  per  cent,  of 
the  anhydride),  of  the  form  (IICIO,,  2  1I,0).  If  this  be  mixed 
with  the  pure  acid  HCIO,  in  equivalent  proportions,  it  forms  the 
white  fusible  crystalline  substance  (HC10«,II,0)  already  described. 
Tliis  crystallizable  hydrate,  when  heated  to  230°,  is  decomposed 
into  the  pure  acid  (HCIO,)  which  distils  over,  whilst  the  oily 
hydrate  remaius  in  the  retort,  and  does  not  distil  over  till  the 
temperature  is  raised  to  397°. 

Parchlot'ic  Acid  (HCIO, ;  Sp.  Gr.  of  liquid  1*782)  is  a  colour- 
leM  volatile  liquid,  which  soon  becomes  yellow,  owing  to  libera- 
tion of  one  of  the  oxides  of  chlorine.  It  remains  liquid  at  a 
temperature  of  ^-31°.  It  is  one  of  the  most  powerful  oxidizing 
agents  known;  a  drop  of  it  brought  into  contact «with  charcoal, 
with  paper,  or  almost  any  organic  substance,  immediately  produces 
combustion  with  an  explosive  violence  falling  but  little  short  of 
that  of  the  Bo-called  chloride  of  mtrogea.    it  produces  trig\\tiv^ 
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burns  if  allowed  to  fall  upon  the  skin.  It  cannot  1>p 
witiiuut  exiK'rit'nuing  ck'eoiMixisition,  gcnerallv  allendi'd  with 
]jlosion.  It'  sealed  up  in  tubci*  it  u;radu:illy  undergoes  spontanc-oai 
deconipositiyn,  and  tlie  tul)fs  burst  with  cx]ilofiion.  With  wiiU'i 
it  combines  with  evolution  oi'  great  heat,  and  if  the  jjrupjrtion  of  J 
water  bo  not  too  large  it  reproduces  tho  white  cryptuls  of  Scrulls 
(nC10,II,0).  Diluted  ])<^rchlorie  acid  is  of  a  mirely  sour  tHstc, 
and  does  not  destroy  vegetable  colours  ;  in  this  lonn,  indeed,  it  ia| 
the  most  stable  of  all  the  oxiiles  of  chlorine.  It  will  even  dibsolvt 
ii'on  and  zinc  with  evohititm  of  hydrogen  gas. 

Perchloric  acid  forms  the  salts  known  tts  j^rcfdorates,  with  the 
general  formula  M'CJlB, :  they  in  general  are  deliquescent.  Nont 
of  them  are  insoluble,  though  the  perchlunite  of  pntassinin  requtref 
npwarda  of  150  times  its  weight  of  cold  \v'ater  for  solutidn  :  the 
salts  of  this  acid  with  sodium,  biirium,  and  silver,  are  soluble  ir 
alcohol.  All  the  perchlorates  are  deconijiosed  by  heat,  with  evo 
lution  of  oxygen  and  foi-uiation  of  a  chloride,  but  they  naay 
distinguished  from  the  chlorates  by  not  yielding  a  yellow  gas  whei 
moistened  with  oil  of  vitriol. 

(384)CiiLORous  iVKHYiiBmE  (Cl,0,=119) ;  '^P-  G^-  2"64«,  J/WJ 
Vol.  Ill  I;  or  CIO,  =  59'5. — Tliis  substance  may  be  obtaiiioa 
in  the  fonn  of  a  gas  of  a  deep  yellowish-greeu  colour ;  it  is  iio| 
liquefied  by  exposure  to  a  temperature  of  — 4°  F.  Chioi-ous  an-- 
hydride  is  a  dangerous  compound  to  prepare,  as  expoi^nre  tx> 
temi>CTat\n'e  not  nmch  exceeding  130°  F.  is  sufficient  to  decom- 
pose it  with  a  jHJwerful  explosion.  Contact  with  most  combusti- 
ble non-icietallic  elements,  such  ae  sulphur,  selenium,  tclliiriuin,J 
and  phosphorus,  deconu>oses  the  gas  with  ex|»l<:»si(m ;  ar#eikictin)i 
has  a  similar  etfect  Most  of  the  metals — inclu<iing  cojiper,  lead^ 
tin,  zinc,  and  iron — are  without  action  upon  it,  but  mercun*  al 
sorlx  it  completely.  A  solution  of  the  acid  (IICIO,  =  CS"5)j 
however,  oxidizes  all  these  metals,  and  thoy  conunonly  yield 
mixture  of  chlorate  nn<l  fhlonde,  especiallv  if  the  acid  W  in  oxceesj 
for  instance,  2  Jin  +  4  IICIO,  =  ZnCl,  +  Zn  2  CIO,  +  2  Il,f>. 

The  composition  of  chlorous  anhydride  is  tlie  following,  anc 
its  combining  volume  is  anomalous,  as  appears  from  the  cxp«ri^ 
nicnts  of  MitloD,  continued  by  those  of  Schiel,  tlie  molecule  occa^ 
pying  3  volumes  instead  of  2 : — 


By  welirht 
Clilorino  ..CI,  =    71  or  59-fl8 
Oxysren   ..O,  =  48      40-31 


Mlllon. 
60-15 

39-86 


Hy  V..L 

2  or  0-66 

3  100 


6p.  «t 
1-63& 
]-105 


a.o,  =119  100  00 


100-00 


1-00 


2-740 


Chbrooi     > 
ftubyJrido  J 

^Lis  gas  is  soluble  in  about  one-sixth  of  its  bulk  of  water,  and ' 
■olution,  even  when  diluted  very  largely,  has  a  bright  ycUo\ 
colour.  The  com  pound  is  prepared  by  (leoxidixing  chloric  acid  i 
this  object  is  etl'e«'l»!d  by  means  of  arsenious  acid,  when  tJie  L':t»  i)i 
recjuired  in  a  state  of  purity.  Three  jmrts  of  arscnioUf  anh\ilridc 
(wliite  H'Ticnic)  and  4  of  chlorate  of  polastium  are  rublicd  up  int( 
a  pa&te  with  water,  and  10  paila  of  ptu-e  nitric  acid,  of  sp.  gr.  1'   ' 
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lie  added ;  the  whole  is  pltu^  in  a  small  flask,  which  is  tilled 
up  to  the  neck  with  the  imxtnre,  and  a  very  o:entIe  heat  is  ap]>licd 
by  means  of  a  water-bath  (Millon,  Ann,  de  Z'himie,  III.  vii.  322). 
Be  gas  must  be  collected  by  displacement  in  dry  bottles,  as  it  is 
niamj  decompc»ed  by  mercury.  In  this  operation  the  arsenitnw 
Mid  becomes  oxidized  at  the  exiiense  of  the  nitric  acid ;  nitrous 
idd  is  formed,  and  this  in  turn  is  reconverted  into  nitric  acid  by 
decomposing  the  liberated  chloric  acid :  for  example — 

Anadou  NItrto  ArMnie  Kltmu 

•eid.  MkL  add.  leld. 

H.Afie.  +  Se,  =  H,Ase,  +  S5e. ;  and 

ntnHU  Chlomto  Nltimta  of  Cblorons        tt..., 

■dd.  ofpotMriDia.  potawlam.  uihydriibk       "•"'• 

3  HNO.  +  2  KCie,  =  2  KNO,  +  OA  =  H^O. 

Tartaric  acid  may  be  substituted  for  arsenious  anhydride  in 
Ais  operation,  but  the  gas  is  then  mixed  .with  carbonic  anhydride. 

Chlorous  acid  (HCIO,)  possesses  considerable  bleaching  power ; 
it  acts  slowly  upon  bases,  and  fwins  monobasic  salts,  termed 
(Xtorites,  with  the  general  formula  M'CIO,.  Chlorite  of  potassium 
ffiClO,)  is  dehqueseent :  if  its  solution  be  slowly  evaporated  to 
oyness,  it  is  converted  into  a  mixture  of  chloride  and  chlorate  of 
the  metal,  in  equivalent  proportions.  The  chhmtes  of  sodium, 
barium,  and  strontium  are  also  deliquescent.  Tlie  chlorites  are 
decomposed  by  the  feeblest  acids,  such  even  as  carbonic  acid. 
Ktrate  of  lead  produces  a  sulplmr-ycllow  scaly  precipitate  in 
their  solutioi>s,  owing  to  the  formation  of  a  chlorite  of  lead  (Pl> 
2  CIO,).     Chlorite  of  silver  is  also  yellowish  and  insoluble. 

The  chlorites  may  be  distinguished  fitun  the  hyiiochlurites  by 
the  addition  of  a  mixture  of  arsenious  anhydride  with  nitric  acid, 
which  does  not  destroy  the  bleaching  power  of  the  chlorites,  whil-t 
it  destroys  that  of  the  hypochlorites.  Their  solutions  deoxidize 
an  acidulated  solution  of  permanganate  of  i>ntassiuin. 

(38.^)  Pkboxtoe  of  Chlorine  (C10„  or  CH  ),=07-5) :  TJieoi'etic 
Sp.  Gr.  2-331,  OUerved  2-3227 ;  BoUiwj-pt.  «S° ;  Mol.  Vol.  QJ- 
— Tliis  compound  is  gaseous  at  ordinary  teinpci'atures,  but  1)V 
slight  pressure,  or  by  exposure  to  a  coM  of  — i'^  F.,  it  is  reducible 
to  a  red  liquid,  which,  according  to  Millon,  is  liable  to  explode  as 
powerfully  as  chloride  of  nitrogen.  The  gas  is  of  a  colour  still 
deeper  than  that  of  chlorous  anhydride,  and  has  a  similar  but 
less  irritating  odour.  It  may  be  ])reserved  unaltered  in  the  dark, 
but  is  gradually  decomposed  in  the  sunlight  into  its  conit)oncnt 
g^ses.  Water  dissolves  about  20  times  its  bulk  of  the  <i;as,  and 
turms  a  yellow  solution,  which  bleaches  powerfully.  The  gas 
requires  great  care  in  its  preparation,  as  a  temperature  of  l-tO"  or 
145°  determines  its  explosion ;  2  volumes  of  this  gas  furnish  a 
mixture  of  2  volumes  ot  oxygen  and  1  of  chlorine,  its  composition 
being  represented  on  the  following  page. 

Peroxide  of  chlorine  may  be  thus  obtained : — Fused  chlorate 
of  potassium  is  broken  iuto  eoai'se  thiginents,  and  treated  \v"vt\\ 
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Chlorine    01    =    355  or  62fi9  l  or  0-S  =  I  336 

Oiygon      e,    =     320       45*41  2       lU  =  Vim 


2-3S1 


two-thirds  of  its  weight  of  oil  of  ritriol,  the  action  lieing  favoured 
Iiy  a  very  gmitle  lieat.  The  reactioD  may  be  represented  hj  thd 
following  equation : — 


CUloraf  nf 

potusnlnniL 


a  Id. 


pprm.  or 

chtorfne. 


pobusttiii 


[xrtuiluni. 


FiQ^  36& 


3  KCie,    +    2  H,&e,  =  2  C10,    +    ,  KCte,     +     2  KBSe,    +    H,e. 

This  peroxide  may  also  be  procured  mixed  wttli  carbonic  anhy- 
dride, by  mixing  chlorate  of  pota^iiiin  and  crystalJlzed  oxalic 
acid,  botli  tinely  powdered  separately,  and  geutly  heating  to  150' 
(Calvert). 

Peroxide  of  chlorine  acts  rapidly  upon  mercury,  and  must 
therefore  he  collected  by 'diBplaceinent.  Mere  contact  with  many 
combustiljle  matters  at  once  determines  ita  explosion.  I*Jace,  for 
iustauce,  4  or  5  graina  of  chlorate  of  potassium  at  the  bottom  of  a 
tall  glasft,  ami  jxjur  upon  it  a  little  water; 
then  having  placed  the  glm^  in  a  deep 
plate  (fig.  2itS),  add  a  piece  of  phcfphonia 
of  about  the  fiize  of  a  pea,  and  by  naeansof 
a  long  funnel  pour  skiwly  in  about  a  tea- 
spoouiul  of  oil  of  vitriol ;  fliishcis  of  a  l»euu- 
tiful  green  hght,  attended  with  a  cpaiik- 
line  not«},  will  he  iinmediately  pro<luco<.L 
If  loaf  siigfli'  and  chlutate  of  potaissiurn  be 
R^parately  powilered,  an<l  mixed  in  equal 
proportion;;  with  each  other  on  a  eJieet  of 
f  paper,  by  means  of  a  epatula,  the  addition 
of  a  drop  of  sulphuric  acid  will  liberate 
peroxide  of  chlonne,  which  wiU  be  decom- 
posed by  the  combustible  matter,  and  sufficient  heat  will,  be 
emitted  to  cause  the  mass  to  bui"st  into  flame,  and  to  deflagrate 
with  great  brilliancy.  Peroxide  of  chlorine  is  not  possessed  of 
acid  properties ;  alkaline  solutions,  however,  absorb  it  rapidly,  but 
when  evaporated,  they  yield  a  mixture  of  chlorite  and  chlorate  of 
the  metal : — 


Perox.  ohlorine. 


Chlorite  of 
potnuiiim. 


Chlorate  of 
potAWium. 


W»t«r. 


2  cie,  +  2  KHO  =  Kcie,  +  Kcie,  +  H,e. 

Other  oxides  of  chlorine  have  been  obtained ;  they  have  a 
composition  which  may  be  explained  by  considering  them  aa 
compounds  of  chlorous  anhydride  with  chloric  or  with  jierchloric 
anhydride;  thev,  however,  present  but  few  points  of  interest. 
Davy's  euchlonne,  which  is  evolved  on  gently  heating  a  chlorate 
with  hydrochloric  acid,  is  a  yellow  explosive  gas,  consisting  <A  a 
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mutnre  of  chlorine  with  one  of  these  compound  oxidee,  the 
dkrchchlorie  acid  (2  Cl,0„Cl,e, ;  Millon). 

(SSe)  Chloredk  of  NiTHOGEN  (HC1,N,C1^  ?) ;  Sp.  Gr.  of 
ligjdd;  1'653. — The  attraction  existing  between  cluorine  and 
m'tn^on  is  very  feeble ;  the  compound  commonly  known  l>v  the 
name  of  chloride  of  nitrogen  is  always  obtained  by  indirect 
means. 

If  a  current  of  ammoniacal  gas  be  directed  into  a  bottle  of 
gaseous  chlorine  it  will  take  fire  spontaneously,  burning  witli  a 
^n  flame,  whilst  hydrochloric  acid  is  fonned,  and  nitrogen  is 
Eet  free ;  dense  white  fumes  being  generated  by  the  union  of  the 
hydrochloric  acid  with  undecompoeed  ammonia.  By  modifying 
the  experiment,  tlie  reaction  may  be  employed  as  a  means  of 
obtaining  nitrogen  gas,  for  when  a  stream  of  chlorine  gas  is 
transmitted  through  a  solution  of  ammonia,  the  hydrochloric  acid 
M  fast  as  it  is  formed  combines  with  undecomposed  ammonia,  and 
nitro^n  is  liberated :  if  the  solution  be  concentrated,  each  bubble 
of  clilorine  produces  a  flash  of  light.  One  atom  of  ammonia, 
wlien  decomposed  by  3  atoms  of  cluorine,  yields  1  atom  of  nitro- 
gai;2H,N+3  CI,,  becoming  6  HCl+N,.  The  nitrogen  is  apt 
to  be  mixed  with  a  variable  quantity  of  oxygen,  a  little  water 
being  also  decomposed  at  the  same  time.  (A.  Anderson.) 

Bnt  if  instead  of  acting  on  a  solution  of  free  ammonia,  a  bottle 
of  chlorine  perfectly  clear  from  greasy  matter  be  inverted  over 
a  leaden  dish  containing  a  solution  of  1  part  of  sal  ammoniac 
(II,NC1),  in  12  parts  of  water,  drops  of  a  yellow  oily -looking 
liquid  gi'adually  collect  on  the  surface  of  the  liquid  and  fall  to 
the  bottom,  whilst  the  chlorine  slowlj  disappears :  this  linnid  is 
the  substance  known  as  chloride  qfmiroyen.  A  safer  inetliod  of 
obtaining  this  body  consists  in  suspending  a  fraf^ment  of  sal  am- 
moniac (say  20  or  30  grains)  in  a  solution  of  liypochlorous  acid ; 
oily  drops  of  the  so-called  chloride  of  nitrogen  are  gradually 
fonned,  and  sink  in  the  liquid  as  the  salt  is  dissolved.  The  new 
IxkIv  remains  liquid  at  — 16°,  but  is  very  volatile,  and  possesses  a 
peculiar  penetrating  odour.  It  is  one  of  the  most  dan<!;erous  com- 
IXrtinds  known,  for  it  explodes  with  tremendous  violence  when 
lieatod  to  between  200°  and  212°  F.,  emitting  a  flash  of  light 
when  the  detonation  occurs.  The  explosion  is  so  sudden  that  it 
invariably  breaks  any  glass  or  porcelain  vessel  in  which  it  may  be 
contained :  hence  a  leaden  saucer  is  used  in  ])repariug  the  coui- 
IKiund.  The  liquid  chloride  also  explodes  violently  at  ordinary 
temperatures  when  brought  into  contact  •with  many  inflanunablc 
•^nlijtaiices,  such  as  oil  of  turpentine,  phosphorus,  and  the  fixed 
oik  The  alkalies  likewise  cause  its  immediate  ex])losion.  On 
the  other  hand,  it  does  not  exy>lode  when  touched  with  the  resins, 
the  strong  acids,  with  metallic  bodies  in  general,  or  with  sugar. 

Little  or  nothing  is  known  of  the  cause  of  tlicse  remarkable 
reactions,  or  of  the  light  and  heat  emitted  when  the  cJiloride 
exphxles  by  slightly  elevating  its  temperature  ;  in  this  case  and  in 
the  analogous  instances  of  the  explosion  of  the  oxides  of  chlorine, 
%ht  18  emitted,  not  during  the  act  of  combination,  as  la  \isaai; 
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but  during  the  expansion  and  Budden  separation  of  the  two 

gaseous  elements. 

The  analysis  of  tins  body  is  attended  with  great  difficulty ; 
indeed,  (Mjnsiderable  doubt  exists  as  to  its  trae  composition.    It 
is  liijrlily  i>robable  that  it  is  not  simply  a  cliloride  of  nitroffcn,  but     1 
a  combination  of  chlurine,  nitrogen,  and  hydrogen  (HC],}s ,C1,X  ), 
somewhat  analogous  to  the  corresponding  explosive  componixJ 
which  may  ]>o  formed  with  iodine  (400). 

(387)  Cni.oiuDES  of  Cakbon.* — Chlorine  does  not  unite  direct!:? 
with  carl)on,  l)ut  Faraday  succeeded  in  procuring  several  componnti* 
between  these  elements  by  the  decomposition  of  Dutch  liqm<3, 
a  com!)ination  of  carlion  and  hydrogen  with  chlorine,  obtainc?"'*^ 
under  circumstances  whiclx  will  be  explained  when  treating  c^^ 
olefiant  gas  (4SS). 

Acdijlcne  Chloride  (fonnerly  SuhMoride)  of  Car^xm  (6,01-8^ 
forms  tine  silky  crystals,  which  may  be  sublimed  in  closed  vesseK-  * 
without  change ;  it  is  soluble  in  ether.  This  substance  is  obtained  ' 
by  decomposing  the  ethylene-chloride  of  cai'bon  (0,C1,)  by  causin^£= 
it  to  pass  several  times  through  a  tube  heated  to  bright  re<lnes^'  - 
If  heated  in  air  on  platinum  foil,  it  bums  with  a  red  smoky  flauier  — 

EtlnjUne  C/donde (iorinarly  Protocldonde)  of  Carbon  (€LC1,)  -^ 
Sp.   Or.  of  Liquid,  1-552  ;  of   Vapour,  5*82 ';  3lol.   Vol.  \~f  [■^ 
JJoili?i(/-j>i.  24S  . — This  comjiound  was  procured  by  Faraday  frou»- 
the  solid  chloride  (0„C1,)  by  su])liming  it  repeatedly  tlu'ough  Wm. 
tube  tilled  with  fragments  of  glass  heated  to  redness.     It  is  a- 
transparent  c«jlourless  liquid,  with  an  aromatic  odoiir. 

Lunula)/ s  Cldoridf  (formerlv  Se.'<<piichloride)  of  Carb&iv 
{^S^:\  \  Sp.  Gr.  of  Solid,  2-0  ;  of  Vapour,  8-157  :  Mol.VoLi'V'y', 
Mtliiii<ipi.  320'^ ;  Bolliii(i-)>f.  3f)i)°. — This  chloride  was  originally 
])nH-iir(Ml  l)y  the  action  of  clilurine  upon  Dutch  liquid  (4S$)  (Fara- 
day) ;  but  it  has  since  been  tibtained  by  the  action  of  chh<riue 
upon  a  variety  of  derivatives  from  the  alcohol  series.  It  is  av«>la- 
tilc  ci'ystalliue  solid,  with  an  aromatic  odour  resend)lij)g  that  of 
caiiq>lior.  It  is  solul)lc  in  alcohol,  in  ether,  and  in  the  lixcd  and 
volatile  oils.  An  isomeric  (5U<.i)  licpiid  tercldoride,  the  vapour  of 
which  hjis  a  density  of  •1-082,  and  a  composiition  fX.'l,,  was 
obtained  by  Kegnault  by  psissing  the  va]iour  of  tetrachloride  of 
carbon  (^'(l,)  through  a  tube  heated  to  low  redness. 

7\fr(''dd<>ride{ivnnvr\yIlic/,/ori/h')  of  Carhon  (f;Cl,') ;  Sp.  Gr. 
of  /,/■;/?'/■</,  1 -;■)'.'!>;  ff  Vapour,  ^•?jy)\  jA>/.  TW.  [n]j;  Jioiliiaj-pt. 
172^. — This  substance  was  obtained  by  llegnault  from  wood-s]>irit, 
from  cholon)form,  and  from  other  derivatives  from  wotid-spirit, 
by  exposing  them  in  the  sun  to  the  acti(Mi  of  an  excess  of  chhirine. 
Kolbe  also  found  that  a  mixture  of  the  vapour  of  bi^ulllhide  of 
carbon  and  chlorine,  when  passed  thi'ough  a  porcelain  tube  heated 
to  redness,  yielded  the  same  conq>ound.  It  is  a  colourless  liquid, 
which  is  insoluble  in  water,  but  soluble  in  alcohol  and  in  ether  ; 
an  alcoholic  solution  of  potash  deconq)oses  it  into  chloride  and  car- 

♦  Tho  nnmcs  of  tlicpo  various  chloridcsi,  it  will  bo  observed,  do  not  correspond  to 
their  fVirnmla-,  but  tliey  are  for  the  present  pnitially  retained,  bintv,  llioiigli  not 
Btrkt'iy  .■icvinate.  tliey  are  in  general  use. 
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bonateof  potassiiiDi  6  Klie  +  OCl,  =  4  KOI  +  K         -         ;*y. 

Tt!traflilui'i<le  of  fiii'lKdi  bceoinesi  a  ovvstalline  soIiiJm  jxjai  tro 

lit— ti'  F.  If  pa.**efi  throiii>:h  red-lK>t  tubes  it  k  dfcc  ed 
Intofffse  fhloriue  and  a  mixture  of  etiijleiie-cliloi'ide  iumi  -  „ra- 
d»y'stie«<|iiicliloride  of  carbon. 

(388)  OxYcHLORiDE  OP  Caebon  :  CMorocarhcmie  Acid ;  Phm- 
fene  Gas  (9001,,  or^  C,0,(-'l,  =  99);  Th&treih  6>.  6'r.  ;j-4!2 ; 
Oli^md,  S'ttS  ;  J/'o^.  T^.  [~~p~1- — When  ccpal  ineitsurei*  (»f  carbonic 
oiide  add  chlorine  are  exposed  to  tlie  direct  rayd  of  the  sun,  tli(-»y 
c-jimbiiie  and  become  condensed  into  hidf  their  volume.  Tin*  ei nii- 
tiofttion  takes  place  slowly  in  the  diffused  li^ht  of  dtiv  ;  luit  no 
aettuB  occuiis  if  the  two  gases  are  muced  together  and  kt'jit  5ii  ii 
dark  worn.  There  are  other  modes  of  obtiiining  this  cntuintuud 
biiirectlj  :  thas  it  may  be  prepared  bj  transmitting  ciii'lHinir  <ixidu 
^i*i tliroiigh  heated  perehlorifle  of  antimony;  the  aetifni  t4'  Itglit 
K  iifit  necessary  in  this  case,  Thiii  reactiua  may  suinetimof*  bo 
Didiilly  employed  as  a  test  for  carbouic  oxide  when  mixed  in 
eiuall  quantity  with  other  gases,  the  pnpgent  wloiir  uf  tin-  oxy- 
diitrride  which  is  formed  being  voiy  characteristic.  The  compo- 
sioun  of  the  gas  is  the  following  :■ — 


By  wdjtht. 

B7T0lanie.            Bp.  ir. 

Carbonic  oxide  60 

=     28    or    28-33 

3    or    10.=    0-967 

CUomie              Cli 

=     IX           71-73 

2           1-3    =    2-453 

Phosgene  g«a   eOCl,         =     99         10000       3  1-0    =    3-420 

Osychloride  of  earlxvn  is  a  colourless,  euftVieatingg;!?;.  wliic-h  ia 
iaimefliately  decomposed  by  water  into  carbonic  aulivdride  and 
k-kK;hloric  acid :  0001,+  lT,e=ee,  +  3  HCl.  A  feiinilar  det'oin- 
positioa  oocurd  if  it  be  treated  with  many  of  the  metallic  oxides, 
snch  as  an  oxide  of  zinc,  whilst  a  chloride  of  the  metal  is  formed ; 
66Cl,+ZnO=00,+ZnCl,.  If  heated  with  arsenicum  or  anti- 
mony, the  chlorine  is  removed  and  carbonic  oxide  is  liberatecj. 
Osychloride  of  carbon  does  not  possess  the  characters  of  an  acid  ; 
but  if  the  gas  be  mixed  with  ammonia  in  the  proportion  of  1 
volume  of  phosgene  to  4  volumes  of  ammonia,  both  gases  are  con- 
densed, and  form  a  white  volatile  solid,  which  is  neutral  to  test- 
paper,  destitute  of  smell,  and  soltible  in  water  and  in  alcohol  slightly 
diluted,  but  insoluble  in  ether.  •  This  substance  consists  of  a  mix- 
ture of  chloride  of  ammonium  and  carbamide  (urea ;  Natanson)  : — 

4  H;s'-i-eec)i,=2  H,Nci-f H,N,ee.  . 

§  II.  Beomini::  Br=80* 

Atomic  Vol.  of  Vapour  Q];  TTteoretio  Sp.  Or.  of  Vapour^ 
5-528  ;  Observed,  5-54  ;  of  Liquid  at  32°,  3-187  ;  Melting- 
pt.  9°-5;  BoUing^t  145°-4. 

(389)  Bromute,  so  named  owing  to  its  irritating  odour  (from 
/SpufWf  a  stench  J,  was  discovered  by  Balard  in  the  year  1826, 
in  hittem,  whicn  is  the  mother-liquor  of  sea  water  after  the  less 

•  The  moleoalar  volume  ofjrw  bromine  being  regarded  as  (Br  Br)=:i  ^  I 
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Bolnble  salts  have  boeri  <.'xtra<'tc'«:l  by  crvstiiUiz.itioii,  BromtM 
exiptb  in  ^ca  wntei*  in  luiiiutc  quantity,  varviug  from  ono-thini  of 
a  grain  to  aliout  one  jrrain  in  eiicli  galliui ;  tlie  waters  of  the  I.)i?ftd 
Sea  nls<.t  contuin  brnniine  in  uvfii  iargei-  ijuantily  than  tliis:  it 
aiipeare  to  l>e  c<inbiue<i  with  jiiajjneeium,  as  bi'oinide  uf  rnfip- 
nL-sium.  Many  «iline  eprings,  such  as  these  of  Kieuznach  and 
lussinf^en,  hkewiseointum  brouiinc  in  quantity  suHicit-nt  t<»  rwider 
its  extnii'tion  from  tliem  a  Foiirci'  of  jirolit.  Indewl,  few  depudta 
of  chlori<le  of  ;?udiuui  exist  in  wliich  tratieij  of  broniiiie  havi-  in>l 
Iwieu  discovered.  It  has  also  been  fmuid  in  a  (-.ilvcr  (jre  from 
Mexico,  iind  it  is  abundant  in  tlie  mine?  of  Cliaflarcillo,  in  South 
America  ;  in  both  coses  the  bromide  of  silver  is  mixed  witli  cblo* 
ride  of  silver. 

Preparatmn. — In  order  to  obtain  bromine,  the  mother-liquor 
from  the  brine,  after  all  the  Milts  t^cjiarable  by  crystallization  ha^-o 
befen  removed,- is  subjected  to  a  current  of  chlorine,  taking  care  lo 
avoid  an  excess  of  this  gas,  which  would  occiu^ion  inconvenience 
by  forming  a  co]ni»ound  with  the  liberated  l»n»niine.  Al!  Uje 
hromides  are  decompiled  readily  by  chloririe,  the  attraction*  «tf 
chlorine  beinji;  more  powerful  than  tluise  of  bromine.  In  the 
foregoing  ojieration  chloride  of  magnesium  is  fonmtl,  and  bromine 
is  eet  free:  MgI>r,4-CI,=Mg('l, -}-Br, ;  the  bromine  sltuwn  itself 
by  giving  to  tiie  liquid  a  beautiful  and  characteristic  yellow  colotir. 
This  3'ellow  liquid  when  agitated  with  ether,  parts  with  itd 
bromine,  which  i.^  dissolved  by  the  ether.  If  the  mixture  be 
allowed  to  stand  in  a  glas:*  globe  closjcd  at  the  top  l»y  a  st«.>[>i>er, 
an<l  furnished  witli  a  ghii^s  .stopcock  at  the  bottom,  the  ether  n^vA 
to  tJje  surface,  where  it  fornirt  a  beautiful  golden  yellow  layer. 
The  mother-liipior  is  drawn  off  by  opening  the  st<>pco<.'k,  and  the 
ethereal  solution  is  agitated  with  a  solution  of  hydrate  of  pota&h  ; 
the  yellow  colour  innne<liatcly  dihappearn;  bromide  and  bromuto 
of  potassium  are  formed  and  dioM>lve<l  in  the  water;  3  Br,-f 
G  K110=KBi-0,  +  5  lvBrH-3 11,0  ;  whil.*t  the  ether,  after  reiKjfie, 
rises  again  to  the  sui-faee  despoiled  f)f  its  bromine,  and  may  agaia 
bo  cnq>loyed  in  a  rei)etition  of  the  process  upon  a  fre.'^h  (|uautity 
of  liittern.  When  the  solution  of  potjush  hasi,  bv  repeated  chargea 
of  bmmine,  been  nearly  neutralized,  the  liquirl  is  evaporatcil  to 
dr^Tiess  :  the  iwdine  mass  is  gently  ignited  to  decniupose  the  bro- 
mite,  after  which  it  is  mixed  with  peroxide  of  manganese  and 
dibtilled  in  a  retort  with  sulphuric  acid:    dense  red  of 

bromine  )ia>s  over,  which  may  be  collected  in  a  receiver  ■■■'*. 

water  and  kei>t  cool  by  ice.  Tin?  dc('omp<isition  is  of  tiu-  ;«>iuie 
natm-c  jvi  tliat  attcnduig  the  liberation  of  chlorine  fmm  st.^a  sjdt 
by  tneaDs  of  oxide  of  manganese  and  sulphuric  acid  : — 

2  KBr-f  MuO.  +  S  H,Se,=K,SO,-(-MnSO,+2 11,0  + Br,. 

In  this  <^>peration  a  small  quaritity  of  cldorine  pafisea  over  witli 
the  bromine,  since  from  the  manner  in  whidi  the  bromide  of 
jNjtjiAsium  i.-i  ibrjncil,  it  is  always  coiUamimited  with  a  j>orfion  of 
eldoride  of  jmla^siura.  The  chlorine  unites  with  part  of  the 
hromiae,  funning  chloride  of  bromine,  whicii  in  partially  duoMa 
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k1  <liAs«)lve<l  hy  the  water  in  the  i*pceiver,  while  the  bromide 

?ii^.cd  ill  ri'<I  limps.     In  onkir  to  nhtaiu  bromine  froo  i'r>>ni 

flrtrine  it  mu.'iit  be  fesiturated  with  hydrate  of  barytii,  wliicli  jmt- 
Ba's  H  mixture  of  brotnide  and  fljlorido  with  broniate  of  barium  ; 
tliis  mixture  mast  be  heated  to  redness  in  onler  to  convert  the 
i,r...n.,te  into  bmtnide  of  barium,  and  the  residue  diijosteii  in 
i,  which  dis-inlve*  nothing  but  the  brotnide.  The  bn*mide 
oi  iiiirium  is  ubtnined  I>y  evaj)orati<m  of  its  alcoholic  solution,  and 
wliuri  heated  with  lilack  oxide  of  numganese  and  sulpijui'icafid  it 
jifliU  j'ure  l)romiue. 

Ptop''rf!t;M. — Bromine  foniis  a  red  liquid,  eo  deep  in  colour  M 
tilte  nenrly  opaque.  It  hru  a  sp.  gr,  of  2"l>66  at  Od" :  it  is  very 
Volatile,  and  emits  dense  red  vajjours  re.-«eniblinir  jK"n>xide  of  ui 
tncen  in  colour  (vol.  i.  fig.  SO).  In  smell  it  resembks  rhiorine, 
iuu  is  extremely  irritating;  to  tlie  nose  and  fauces  when  respired, 
en  iJ'  lar^^ely  diluted  with  air.  When  »walli>wed  it  ojierate*  as 
Ifu'werfully  irritating  ]»i»is<m  ;  it  acts  rapiilly  on  all  the  iir<riiiiie  tis- 
Bft«.  ami  renders  the  s^Kin  peniianently  yellow.  Bruniine  boils  at 
U.i  '4  F.  (l^ierre).  and  when  exposed  to  a  temperature  of  I'^'S  it 
f(«Tjjj  a  red  urystailine  solid.  Tne  properties  of  bromine  f^reatly 
ifeH.'inbk'  those  of  chlorine,  thoujrh  they  are  less  Ptronfrly  developoa. 
It  lileut;hes  many  vejietable  colours.  Its  vapour  will  not  siijiport 
tlie  flame  of  a  uurnlng  taper.  Bniuxine  is  sliirhtly  solnlile  in 
'  and  gives  to  it  a  yellow  colour;  it  also  forms  with  it  a 
i  (Br,  5  II,0 ;  Lowig),  which  crystallizes  in  octohedra  at 
'it.  Thi-^  aqueous  solution  of  bromine  is  decomiK>sed  by  sunlight 
into  hydrobromic  acid  and  oxygen.  Alcohol  di^^solvos  bromine 
freelv.  and  ether  does  so  still  more  aT>undaiitly.  ( )letiant  ga3  is 
riiimllv  absorbed  by  liquid  bromine,  and  a  liquid  comjjound 
(•r,U,T5r,),  bi bromide  of  ethylene,  is  formed.  Bromine  combines 
directly  with  phosphorus,  and  Avith  many  of  the  metals,  forming 
ojiujiijunds  termed  bromitjM  (.')+•!),  the  act  of  combination  being 
•ifteii  attended  with  ignition,  as  in  case  of  antimony  and  of 
tin;  even  gold  combines  witli  it,  though  but  slowly  ;  its  compound 
wirii  silver  furnishes  a  material  of  consideralde  value  in  photo- 
jrrapiiic  operations. 

j;iy^\)    HynRoBRojno    Aero   (HBr=Sl);   Theoretic    Sp.    Gr. 

2-T9Hti;  Of^ei'ved,  2*73 1;   Mol.    Vol.  \    \    \ — Bromine  resembles 

phlnriue  in  its  power  of  combining  with  hydrogen,  and  fi>rming 

'  ■'    t  a  very  powerful   acid,  which  is  a  gjuseous  body  consisting 

il  mfasures  of  hydrogen  and  bromine  vaptmr  united  with- 

I  iige  of  bulk.     The  mix-ture  of  bromine  vapour  and  liyilrogen 

:  be  detonated  by  the  apjiroaeh  of  tlame,  or  by  the  electric 

?pttrk.  i(ut  the  two  elements  may  be  made  to  unite  slowly,  by  eus- 

Jiemliiig  a  red-hot  platinum  wire  in  the  mixture.     If  moisture  be 

prewnt  the  oecurreTice  of  combination  instantly  shows  itself  by 

tiie  formation  of  white  furae-s,  whi<;!i  arise  from  the  rmiou  of  the 

ni;wlv  proihiced  gaseous  acid  with  the  aqueous  vapour. 

P rt^jHiralum. — 1.  nydroljroinic  acid  gas  may  lie  procured 
ibiitidatitly  by  decomposing  bromide  of  jxitassiurn  with  a  concen- 
\va<M]>u)athaofphospborjcacid.     I/"  sulphuric  acid  be  used  foi 
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the  pxirpoee,  the  pniduct  is  impure,  since  this  acid  itself  imder^oeitl 
partial  aeoxidation,  "     I 

2. — It  iciay  also  be  obtained  by  decomposing  bromide  of  nlios*! 
phorua  by  means  of  a  small  quantity  of  wat^r,  when  the  tyuuwj 
mg  reaction  oecum : — 

PBr,  +  3  n,0  =  3  HBr  +  H.PO, ; 

phosphorotis  and  hydrobroniie  acids  being  produced.  This  esi 
ment  may  be  esisily  performed  with  the  aid  of  a  tube  bent  as  in 
fig.  299.  In  the  "bend  p,  a  few  fragmentB  of  phosphoi'ro  and 
moistened  glass  are  placed,  bromine  is  poured  into  b,  and  the  tube 
is   closed   by  a  cork,  ej'  on  applying  a   gentle   heat  at   h,  tla« 

bromine  la  distillod  over  and  come* 
into  contact  with  the '  ph<  t^phsriis  \ 
the  bromide  of  phosphorus  i&  decoiTi' 
posed  by  the  water  at  the  momeot  »^ 
its  formation,  and  hydrobromie  aci<3 
escapes  by  the  bent  tnbe,  t. 

Hydi'obromic  acid  gas  is  colour*^ 
less,  it  is  not  inflammable,  it  estia— 
giiishes  flame,  and  iM>6se8ses  the  usuaJ 
irritating  action  of  acid  gases  on  the  hmgs.     Faraday  eucceedetl 
in  liquetying  the  gas  under  strong  pressure  ;  and  in  a  bath  of  solid 
carbonic  anliydride  and  ether,  he  even  obtained  it  in  the  form  of 
a  solid,  which  nieltwl  at  — 124*.     The  acid  has  the  fo^o^^•ing  com- 
position : — 

By  wdght.  By  rolriine.  Sji.  bt. 

Broraiue    ...        Br      =  80    or    08-7fi     1     or    0-5  =  2-T8* 
Hydrogen ...         H      =      1  1-24      I  OS  =  0-fl34 

"S''^'""'''!   H^'     =81        10000     2  10  =  2-798 

IIydrol)romic  acid  gas  is  very  soluble  in  water,  forming,  when 
concentrated,  a  fuming  solution  of  greater  density  than  hydro- 
chloric acid.  A  solution  of  the  acid  of  sp.  gr.  1*486  (HBr,  5  H,0) 
contains  about  47  per  cent,  of  the  anhydrous  acid ;  it  boils  at 
259°,  and  may  be  distilled  without  change.  (See  note,  p.  131.) 
Cldorine  decomposes  it  immediately ;  bromine  being  set  free  ana 
hydrochloric  acid  produced. 

The  action  of  hydrobromie  acid  upon  the  metallic  oxides  is 
analogous  to  that  of  hydrochloric  acid  upon  them  ;  bromide  of  the 
metal  and  water  being  produced ;  thus  hydrobromie  acid  and 
hydi'ate  of  potash  form  oromide  of  potassium  and  water;  KHO 
+  HBr  yielding  KBr+H,0. 

(301)  Bromides. — The  l)romide8  are  all  solid  at  ordinary  tem- 
peratures :  most  of  them  are  fused  by  a  moderate  heat,  and  are 
partially  volatilized ;  and  the  bromides  of  gold  and  platinum  are 
decomposed.  Most  of  the  bromides  are  readily  soluble  in  water. 
They  are  all  decomposed  by  chlorine,  and  when  in  solution  they 
may  be  recognised  by  the  yellow  colour  of  bromine  which  is  pro- 
duced by  the  addition  of  a  few  drops  of  chlorine  water,  taking 
care  to  avoid  an  excess  of  e^  ^   agitating  this  yellow 
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6i)!iilton  with  etlier,  the  bromine  is  difssdved  by  the  ettier,  wliieh 
uD  itaiiding:  separates  as  a  yellow  liquid,  at-  the  top  i>t"  the  culuur- 
\m  aqueous  purtion.  If  the  qnantity  of  the  hromide  is  very 
jainute,  a  small  quantity  t)t' hiaiilphitle  ot"  carbon  may  be  advan- 
ti^iiisly  bulKtituted  tbr  ether,  as  it  acquires  a  yellow  tinge  with 
n  uaonnt  of  bromine  too  small  to  act  upon  the  ether ;  the  pre*- 
eiice  of  sulphuric  or  of  sulphurous  acid  iiiUHt  however  in  this  case 
be  avoided.  The  bromides,  when  heateJ  with  black  oxide  of 
MDgimeaeRnd  oil  of  vitriol,  yield  red  vixjx.urs  of  bromine;  strong 
nitric  acid  ha*  a  similar  etfect.  Nitrate  of  silver  iind  nitrate  of 
lead  each  give  a  white  precipitate  with  solutions  of  the  bromides, 
fliirmiiig  bromide  of  silver  (jV^Br),  or  bromide  of  lead  (PbBr,); 
the  bi'MDiide  of  silver  is  insohilyle  in  cold  nitric  acid,  Ijlit  ie  dia- 
soKeni  by  a  large  excess  of  ammonia;  but  the  bromide  of  lead  ia 
diss^ilveti  by  the  addition  of  diluted  nitric  acid.  Mercuroua 
nitrite  also  gives,  a  white  precipitate  of  mercnnnis  brotiiidQ 
(figBr)  when  added  to  Eolations  of  the  bromides;  it  is  soluble  in 
(;!ii<.iriiie  water  with  liberation  of  hroniine. 

Bromine  ofben  combines  with  the  panie  metal  in  more  than  one 
pTOfKsrtion,  and  the  compounds  of  bi'omine  correspond  almmt 
ilffavs,  both  in  number  and  compositionj  with  tliMC  of  chlorine 
with  the  same  metal.  Oxybromidee  may  he  formed  resenibling; 
the  oxychlorides  ;  and  the  bromides  of  the  alkaline  nietafi 
fonn  donble  broraidea  with  the  bromides  of  the  metals  which 
Tielil  fields  with  oxvgen. 

{392)  Bkohio  Acid  (HBre,,  or  TIO,BrO,=  129).— The  oxr- 
K'idj  of  bromine  are,  witli  the  exception  of  bi'omiu  acid,  nearly 
_  unknown,  and  this  compound  even  has  never  been  obtained  in  the 
form  of  anhydride.  The  bromic  corresponds  to  chloric  acid  in 
composition.  Bromate  of  potassium  is  procured  by  acting  on 
bromine  with  caustic  potash,  and  from  this  .salt  the  acid  is 
obtained  by  a  process  similar  to  that  employed  in  the  preparation 
of  chloric  acia  (382).  By  the  action  of  heat,  bromate  of 
potassium  is  decomposed,  bromide  of  potassium  being  formed, 
whilst  oxygen  is  liberated.  Any  solid  bromate;  when  mixed  with 
concentrated  sulphuric  acid  and  heated,  gives  of!"  red  fumes  of 
free  bromine,  while  oxygen  is  evolved.  Bromate  of  silver  and 
mercurous  bromate  are  anhydrous  and  sparingly  soluble :  bromate 
of  lead  retains  1  atom  of  water  (Fb  2  BrO,,"!!,©) :  it  likewise  is 
bat  slightly  soluble.  "When  heated  with  the  hydrochloric  acid 
these  precipitates  evolve  free  bromine.  All  the  salts  of  bromic 
wid  which  have  as  yet  been  prepared  are  monobasic. 

(393)  Chloride  of  Bromine  is  easily  obtained  by  transmitting 
chlorine  gas  through  liquid  bromine.;  it  is  a  volatile,  reddish- 
yellow  liquid,  with  a  very  pungent,  irritating  odour.  Water  dis- 
solves it,  forming  a  deep  yellow  solution  possessed  of  considerable 
bleaching  power. 

Bromide  of  Nii/rogen  may  be  obtained  by  digesting  bromide 
of  potassium  with  the  so-called  chloride  of  nitrogen ;  it  forms 
» detonating  oily-looking  liquid,  resembling  chloride  of  nitrogen 
in  appearance  and  properties. 
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Atomic  or    Ctmih.     Vol.   qf'    Vt'pfyvr  [H,  T/worcfir  Sj>.   Gf,   ij 
Vuj)<inr,  S'ToG;    Of/served,  8"71(5:    »^.  Crr.  of  Solid ^  WW 
2reUhi4j.pt.  223'^ ;  BoUhvy-jpL  347''. 

(394)  I<j]»r\K,  tlie  third  element  in  the  jtrronp  which  we  ax 
now  exaiiiiniii';,  is  still  denser  than  bromine,  as  it  ii*;sumi-  !li»1 
6t>lid  form  :it  tlie  ordinnry  tomperiiture  <»t"  the  air.      Its  ci 
dates  IjHc'k    tu  the  year    1811,  when  it  M'as  found  hy  (■■wi.. 
accidentally,  in  the  waste  liquors  produced  in  the  inanufucturu  • 
earhonut*'  of  sodiiuu  irnm  the  ashes  of  !>eii-\reed. 

Iodine  exists  in  the  ocean  in  qnantities  still  smaller  tl»ai 
bromine.  It  is,  notwhlistandinn;^,  olitained  witli  Icitj  dilKcultyj 
fiince  the  fuel,  alj^v,  spong«'-s,  and  other  m:irine  jiliintt*,  vxtnief  it 
from  6ea-water,  and  frt«;re  it  up  in  their  tist*nes.  These,  wUai^ 
burnt,  give  an  a-sh  which  is  technically  known  Ji»  Irlp  ;  it  contiiiuc 
iodine  in  tiie  form  of  iodide  of  sodium.  In  the  imniiral  kingdom^ 
iodine  lias  Iieen  found  in  one  or  two  rare  ores  ;  thus  it  ctccit 
coiubincd  with  silver  in  Mexico,  and  with  zinc  in  Sile-sia. 

Ejctnidwfi. — Iodine  is  at   present    Iarj;ely   ni;mnfii<'nin'<l    At 
Gla?^rtw,  from  kelj)  made  on  the  coasts  of  Scotland  and  Ireland 
the  lollowinsj  is  an  oiitliite  of  the  ])rocess  adopted  in  procurinjd 
it : — The  sea-weed  havijig  been  dried  in  the  snn,  is  ljum<*d  ir 
shallow  excavations,  at  a  low  heat ;  owinj^  to  the  volatility  of  the 
iodide  cif  so<linm  at  a  red  boat,  the  loss  «»f  this  salt  would  be  o(M|J 
sidcralile  if  the  temperature  were  .-illowed  to  hbo  too  Idgh.     Tl* 
half-fused  a^h,  or  kelp,  which  remains,  is  broken  into  frairuierifa 
and  treated  with  boiling  water,  which  dissolves  a!)ont  otie-bjdf  of  j 
the  iv?h.     Tlie  liquid  thus  obtained  is  then  evaporated  in  u^k 
pans-,  and  all  that  can  l»e  separated  by  cryBtallization  is  removj 
a  double  snljihate  of  jK>tassi»iiu  an<l  sodium,  carbonate  of  S4»dr" 
and  chli»ride  of  potuf^ium  ai-e  thus  extracted.     The  ioiline  roir ' 
in  the  mother-liquor,  which  still  retains  sulphide  of  swliuni,  be 
hyposulphite,  and  some  carbonate  of  stMlium.     This  liqnor,' 
ioiit'itf  h')j^  is  now  mixed  with  ouivciijlith  of  its  bulk  of  oil  of  vitriol,^ 
and  allowed  to  stand  for  twenty-four  lioui-s  ;  carb 
sulphnrousjiuhydride,  and  sulphuretted  hydrojren  l 
suljiliate  of  sodium  crystallizes  out,  mixed  witli  a  considerable  qnan^i 
tity  of  deposited  sulphur.     The  supernatant  liquid  is  next  truu« 
feri-eil  to  ft  stoneware  or  leaden  ret  >rt,  whicli,  if  of  lead,  u  i* 
cylindrical  form,  a,  tip.  300,  supported  in  a  sarxl-bath,  and  ;^ntlyj 
heated  from  beneath  hy  a  snudl  tire  ;  the  head  of  the  retort,  A,  cj 
id  luted  on  with  ehiy,  and  the  contents  of  the  retort,  havinu: 
lieated  to  about  140",  a  quantity  of  powdered   black  oxulal 
luanirani'M?  i^  introduced  tliront^h  the  tubiilure,  h.    The  procew*  l 
be  conducted  slowly,  at  a  low  temperature  ;  iodine  <liBtils  overj 
ie  conden>ied  in  the  jjlobular  receivers,  d.   It  ispuritied  by  a  i 
Bublinuition.     The  object  of  the  second  tubuhvre,  shown  at  <r, ' 

•  Tnleing  the moltfcnilo of  iodlna  when  frt»  to  bo  (I  I) or  I>,  u«  nif^ir^f-iinr  vi»ltiin»^ 
to  tlie  state  of  rtipour  wUI  be  |   Tl. 
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fccililatc  the  clcanjip  of  the  neck  of  the  retort  in  cji^e  it  ehoulJ 
bcMiie  t.»l>*tnicted  by  the  furuiatioa  of  crystals.  If  tlie  teiiinern- 
ture  lie  allowed  to  riise  as  high  as  212'\'tlie  chloride  of  sodium 


tm  300 


fetairiefl  in  the  ley  is  decomposed,  chlorine  is  disengaged,  and 
wmliines  with  part  of  the  ludine,  forming  chloride  of  iodine,  which 
is  wasted. 

hi  the  foregoing  process,  the  addition  of  the  snlplmric  ari;l 
f>«'vioiH  the  deonipoiMtion  of  the  carhoiiate  and  hypotiulpliite  nC 
,  whirh  still  reuuiin  in  siiliition,  as  well  as  ot"  any  pulplitidi; 
in  that  may  he  t)re6ent,  forniing  sulphate  of  sixliuni  which 
i»  removed  hy  orv.-itallization.  The  li<iuiii  retains  an  excess  ot" 
f«l|i!niric  acid,  and  all  the  iodide  of  sodium.  When  this  niixtiirt- 
is  licHted  with  peroxide  of  manganese,  the  iodine,  is  liberated. 
whilst  iiilphates  of  sodium  and  manganese  remain  in  the  retort. 
Tlie  prijcess  resembles  that  for  bromine  : — 

9  Nal + MtiO, + H,Se.=Na,Se.  +  MnSB. + 2  11,0 + 1,. 

Pmperties. — The  crystalline  form  of  iodine  is  an  octohedroTt 
Mia  ihoTnbic  base  ;  l)ut  it  is  generally  obtained  in  bluisli-black 
t'alei  resembling  plumbago  in  lustre.     It  is  a  non-couductor  of 
'   ■    ;ly.     At  ordinary  temperatures,  and  especially  wlien  in  u 
I'udition,  it  is  sensildy  volatile,  emitting  an  odour  like  that 
tciuurino,  but  much  weaker  ;  when  heated  it  urulorgoes  fusion  :it 
mill  at  alxuit  347°  it  boils  and  is  converteil  int<i  a  nuigui li- 
lt i>tir|)le  vapitur,  whence  it  derives  its  name  (frotn  iw<5Tic,  violct- 
tmriwl].     Iodine,  when  taken  intornully,  acts  in  large  doses  Jie 
*a  in-itaat  poison ;  but  in  small  cpiantities  it  is  a  very  valuable 
"""Jieiiic,  ]>articidar1y  in  glandular  swellings,  and  in  certain  forms 
nitre.     It  stains  the  skin  and  most  organized  substances  of 
DWti  colour,  HJid  gradii.ilh'  conviles  them.     Water  t"oi*m&  \v\l\i 
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it  a  vellow  solntioii,  l>ut  flis>olves  it  only  in  verv  .-^-nmll  fjnanti 
It8  liV'acliinir  i^riijuTtie-  uvv  vi-rv  lecble.  Alooliol,  ctlicr,  liyilriodle] 
ari<l.  ninl  g.olufiii]is  of  tlie  iodiilcp,  (lissolvc  it  fieelv.  foiTning  l>jt>\ 
Hilutions.  LikjoFh  S4)liitt<n',  uliicli  wiis  fonneny  unu'li  u--e«l  inj 
nit'flicinc',  oonsints  ot'  20  grains  of  i(Kline  and  ^0  of  ifxlide  of  f 
potiii^iiiin,  tlisi^olvwl  in  an  ounce  of  water ;  it  ie  of  a  deep  bruwii 
colour.  Iodine  is  also  (soluMu  in  liisulphide  of  eftrbon,  to  whichj 
11  minute  quantity  of  i^idine  imparts  a  cliaracteriBtic  rieli  violet 
enldur.  Clilomttirni  and  benzfil  like^nse  dissolve  it,  fonninj;  redl 
soltitions.  Iodine  attHfks  tiiany  of  tlie  metals  nipi<ll_v,  I'orming 
coiiijiKunds  tenn*-*!  HHl'nlfn  ;  iron  or  zim-  \i^  reailily  diiiM>lve<l  liy  it] 
if  placed  with  it  in  water,  an  iodiile  of  tlie  metal  bcin^  t'onued.  [ 
Tlie  eomiHnin<l(i  of  iodine  Mitli  the  nietuls  and  witli  livdnif^en  arej 
<k'Coniix»(>.ed  by  chlorine,  and  even  by  bromine,  while  the  iodine] 
is  set  tree.  Advantatre  is  taken  of  this  fact  in  ai^eertainiiij;  the] 
preseiice  <if  iialine.  The  woM  delicate  test  for  il,  wlien  nneom-I 
biiK'tl,  is  the  intense  blue  colour  which  it  strikes  with  starch  ;  byj 
its  means  with  due  precauti<in,  1  part  of  icKline,  when  diBt«jivca| 
in  one  million  parts  of  water,  may  be  di«;overed. 

There  are  various  iinKles  of  a]ipiying  thin  tetit :  the  eimiilesttj 
consists  in  mixing  a  little  cold  stawli  paste  with  the  lit|iiid  whfelil 
is  suspected  to  contain  iodine;  if  it  be  present  in  an  uncmnbiruidj 
form,  a  beautiful  blue  colour  rIiowb  itself.  If  the  iodine  be  inj 
combiujition,  this  colour  does  not  a]ipear  until  a  droji  of  chlonnoj 
water  or  of  solutlim  of  bleaching  powder  be  added  to  set  thoj 
iodine  ircv.  An  excess  of  chlorine  mu»t  be  avoided,  as  it  forms] 
ehloriile  of  iodine,  and  prevents  the  action  of  the  test :  Davjdj 
Price  recommends  the  use  of  a  solution  of  niti-ite  of  potassiuuj  xa] 
»  Bubstitute  for  the  chlorine,  the  liquid  to  l>c  tested  being  elightljj 
acidulated ;  no  inconvenience  arises  from  tlie  presence  ot  thai 
nitrite  in  slight  excoes.  The  colour  fades  away  if  the  Bfilnlionf 
be  heated,  but  it  is  partially  restored  as  the  temperature  fallH.] 
Solutions  of  the  alkalies,  as  well  as  of  sulphurous  a<'id,  sulplmret-j 
ted  hydrogen,  and  reducing  agents  generally,  destroy  the  eolonr. ' 
As  starch  paste  cannot  be  long  ke|>t  without  nndcrgfting  «iec««m-j 
position,  it  is  often  convenient  to  substitute  for.thc  freshly  made 
paste,  ])aper  wliicli  low  been  >JMeare<l  with  the  etareh,  and  allowed  | 
to  beconie  dry.  If  ke]it  in  a  dry  place,  such  pajier  may  be  pnvl 
served  for  an  ludefinite  length  ot  time,  and  is  ready  for  tiso  at] 
any  moment. 

'  (:!J>5)  IIvDRionic  Arm  (HI  =  1281 ;  Thecnvtlc  .S>.  GrAi\2ff^\ 
Ohfunru,  ■i-'iAZ;  3/ol.  VoL  \  |  ]. — t\y  heating  iodine  in  hydr<^>-' 
gen,  the  volume  of  the  gas  becomes  doubled,  and  a  colMurh>-  nvid' 
jjat.  iri  jirodueed ;  bnt  it  is  never  ))rejAared  for  use  in  this  manner. 
A  better  mode  is  the  following: — Place  in  n  small  retort  !••  parte! 
*if  iodide  of  potassium  with  5  of  water,  and  2(>  of  iodine;  theni 
ilrop  in  cautiously  1  part  of  phospluinift  cut  into  small  fragments  i 
and  apjily  a  gentle  heat.  Hvdriodii-  acid  ga»  will  be  extricated  j 
abundantly,  atid  may  be  eolfecte*!,  I»y  displacement,  in  dry  Itot* 
tie*.  The  result  of  the  reaction  is  explained  by  the  fcdlowiug^ 
equation ; — 
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Hyrtrlndl* 


8  KI   +   10  I,  +   P,  +   Hi  H.e  yield  4  K.IIPe.  +  2?3  III 

Hvdriodic  acid  gas.  is  not  combustible,  nor  di>e3  it  supjKtrt 

'  iistiou.     It  fnines  in  tlie  air,  and  possesees  a  jx>werfiillj  acid 

■itariiia;  «<lour.     It  is  reduced  under  stronsf  pressure  to  ti  yellow- 

HI  lii|uiil,  wbich  freezes  at  60".     Water  dissolves  the  gas  with 

jc'ut  avidity. 

A  solutiun  of  hydriodic  wid  may  be  easily  prepared  by  sii*- 

uliiiji;  iodine  in  wat(!r,  aiul  transuiitting  a  curreift  of  sulnliu- 

M  iiydrof^en  gas  tlirougli  the  uiixtiu'e  utUil  the  brown  eolour 

the  i(i<line  disappeari^;  sulpliur  is  dc]>oftit«l  in  alinndance,  and 

piriiiili(r  aeid  Is  formed.     The  liipiid  gradually  beeotnes  elear  if 

8t  rest;  it  may  then  be  ilocauted  from  tlie  preeipitated  snl- 

ir;  the  decom[M.>sition  consi^^ts  simply  in  the  displacement  of 

be  (.iil|i|iiir  by  rlic  iodine;  2  II,S  +  2  I,  be<.'omiuij  4  HI  +  .S,. 

liis  liijuid  may  be  eimceutrate<l  fill  it  acquires  a  density  of  1-7, 

Ihiiu  it  consists  of  (2  111,11  II.O;    ]?ineau).*      It  tlieii  distils 

tidi)ini;ed  at  2^2'.     It  is  a  powerfid  aeid,  and  dissolves  iodine 

frwly,  funning  a  brown  sjlution  :  by  cxjiosure  to  the  air,  espe- 

'  'iy  if  placed  in   a  strong  light,  it  absorl»s  oxygen,  water  is 

med,  ami  the  rKpii<l  becomes  brown   from   the   lil>eration  of 

dJiiL>.     L'ldorine  etfecta  its  instant  decomposition,  whether  it  1)6 

itho  iraseous  f>rm  or  in  solution.     Bromine  and  nitric  acid  act 

uilurly  and  with  almost  eoual  ra|>idity ;  many  other  oxidiziu" 

Ualso  deconi[M>se  it.     Mercury  decomposes  it  gradually,  ana 

ifiiucj  witli  it.s  iodine,     A  8<jlution  of  hydriodic  acid  dissolves 

wiy  of  the  metals,  such  as  zinc  and  iron,  with  evolution  of 

ogcn  and  formation  of  a  metallic  iodide. 

Tlie  com])osition  of   hydriodic  aeid  may  be  ascertained  by 

Ming  pota.<siura  in  a  inea,sured  volume  ol  the  gas.     Ii>flidc  of 

titvsiiuii  is  formed,  and  hydrogen  remains  equal  in  bidk  to  lialf 

sacid  g!is  employed;  consequently  its  composition  may  be  thus 

[>reiiented : — 

By  «clithl.  By  toI.  Sp.  rr. 

Iodine .       I  =  117  or  99^1         1  or  0-5  =  i-MS 

nydrogen H  =       1  079        1        05  =  0-03-t 

Hydriodic  add HI        128      10000        3       I'O  =  4-412 

(396)  lodtdett. — Tlie  iodides  of  the  metals  are  all  solid  at 
flinnry  temjieratures ;  they  are  less  fusible  and  volatile  than  the 
responding  chloride*  and  bromides.  The  iodides  of  g<dd,  stiver, 
Kliium,  and  ]>alladium  are  doeomjiospd  by  heat  alone,  whilst 
luetals  are  left  in  a  state  of  purity;  but  most  of  the  ioiliilea 
converted  into  oxides  when  heated  in  the  air, — the  oxygen 

I*  BosMC  has  shown  that,  both  in  this  cnro  and  in  the  uauloi^ou!)  one  of  the  solu- 

.1  hriirf.liromio  acid,  the  constjinoy  of  the  boiling'  point,  as  well  as  thu  uppnrent 

I'T  of  the  hydrate,  is  flocideiital,  and  dependent  upon  cqiisp8  eimihir  to 

111  hydrochloric  acid.     Hydrolluoric  ncid  evidently  l\iriiishe»  a  irn* 

ir-u:,  \)\i\.  i(  m^  found  to  \>0 partiaUy  decompoaed  by  varyiug  the  tcmpetaluio  at 

atioB. 
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ditifilacinfr  tlie  iixline.  All  the  inditli^,  wliothcr  iM>15d  or  in  &r»ln- 
tiuu,  iii'O  dfcompost'J  1)V  flilui'irie  and  Lruiuine,  as  well  ai*  l>j 
nitrous  acid  and  concentrated  nitric  acid,  with  lilwration  of  iodine. 
Indini?  is  also  set  free  when  an  iodi<le  is  heated  with  oil  of  vitriol 
and  peroxide  of  niun<janese.  Water  dii^solves  the  irn-ater  nunalier 
of  the  metallic  iodides  freolv;  Rome  of  them  are  insfhilde,  and 
exhiliit  c'«il<»iii'<5  of  ^reat  hrillianey.  The  iodides  of  ^onie  of  tlu; 
metals  which  form  acids  with  uxytjen,  such  as  thiHe  of  tin,  ar&enic, 
and  antimony,  jne  decomp'ised  hy  water.  The  gohilde  iodidon  *>f 
the  metid*  iiiiiy  ho  obtained  bv  the  direct  action  of  hydriiwlic  aciU 
upon  the  metallic  oxide,  or  Ly  the  action  of  iodine  and  wuttT 
upon  the  metal  itself.  These  iwlides,  when  in  solution,  are  cJwv- 
Mcterized  by  the  reaction  wirh  starch  already  mentioned.  With 
a  folutinn  of  coiTosive  siil  ill  mate  (Hi^OI,)  they  ajivo  a  luMutiftil 
salmon-coloured  preci])itate,  which  nlmost  immcdiMtcly  cliitriire>r  to 
a  brilliant  ."icarlct :  this  is  the  biniodide  of  mcrcnry:  it  is  --oluble 
in  exi-css  b(jth  of  iodide  of  potit'^sium  and  of  corrosive  sublimate. 
Mercurous  nitrate  <;ivos  a  j^rccn  precipitate  in  solutions  of  the 
soluble  iodides.  \V  itii  nitriite  of  lead  they  yield  a  brisriit  yelluW 
precipitate  of  iodide  of  Icfid,  which  is  slightly  soluble  in  fnuling 
water,  esjiecialiy  if  the  lead  salt  be  present  in  excess;  on  c<Ktlin«f, 
the  iodiile  of  lead  is  depoi^ired  fn  very  beautiful  silky  scaled. 
With  nitrate  of  silver  a  buti'-colonred  iodide  of  silver,  nearlj 
insoluble  ui  nnmioida,  is  formed.  If  a  mixture  of  preen  sul]»lim« 
of  iron  and  sidphnte  of  copper  bo  added  to  a  solution  of  anv 
iodide,  a  white  sub-ioilide  of  copjier  (Oul)  ia  preci])itateil.  Witn 
chloride  of  SiM  the  it.Klides  give  a  lemon-yellow  itrecipitale;  and 
with  salts  or  palladium  a  lirown  iodide  of  palladimn  is  prmluce*!, 
■which  is  sometimes  used  for  ascertainintj  the  <|uantity  of  itMlinu 
jtresent  in  a  solution  in  wliich  it  occurs  mixed  with  chl(»riue,  since 
chloride  of  palladium  is  freely  soluble  in  water  (.HI). 

(SOT)  ()xu)Ks  OF  lonrxE. — Iodine  has  a  more  jiowerftd  attmo- 
tion  for  oxygen  than  either  chloriua  or  bromine,  and  J'orms  with 
it  two  compounds  which  by  their  action  upon  water  furnish  well- 
defined  acids,  viz.,  tho  iodic  (HIO,)  and  tnc  periodic  Jicid  (H10J 
besides  some  other  oxides  but  impeifcctly  known. 

Ionic  AxuvimmE  (I,0.  =  .334  or  If),  =  107) ;  Comp.  in  100 
i)art«  ;  iodine.  Tfi'Oi;  oxygen,  23-l.u.J. — This  body  may  be  obtained 
i)y  the  cautious  application  of  heat  to  irwlic  acid, 

lof/ic  Aeitl  (lllf),  or  no, It),  =  17»'>). — Thi.s  acid  corresjiniuls 
in  composition  to  chloric  ajul  bromic  acids.  It  may  be  jtrepured  in 
ftevoral  wayn.  1. — It  may  !>€  prwured  by  long  Valiug  of  iodine 
in    concentrated    nitric   aeid.     2. — Equal  parts  of   chlorate    of 

IKttiuwium  and  iodine  nuiy  bo  mixed  with  5  p.irts  of  water  and  a 
iltlo  nitric,  ftcid  ;  chloritie  is  thus  evolved  in  abundance,  whilst 
ioduto  of  potassium  is  formed  aiul  dissolved  in  the  litpiid  :  the 
chloric  acid  which  is  set  free  in  the  first  instance  by  the  nitric 
ucid  impurtj*  its  oxygen  to  the  ittdine,  chlorine  giw  escaping,  while 
the  iodio  acid  liU'rates  a  fresh  portion  of  chloric  aciil  from  tho 
uhliinitt',  and  thitt  midergoos  a  similar  decoinpoi<ition  iMillon). 
S,—LU'hig\  plan  of  preparing  iodic  acid  conaista  In  suspcoilmg 
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I  in  water,  and  transmittdne  through  it  a  current  of  chlorine 
gs8  till  the  iodine  is  dissolved  ;  me  liquid  is  then  neutralized  by 
carbonate  of  sodium,  when  a  copious  enervescence  ensues,  attended 
by  a  precipitate  of  iodine,  which  may  be  again  treated  similarly 
by  cnlorine.  In  this  case  the  chlorine  combines  directly  with 
m  iodine  and  forms  terchloride  of  iodine,  \vhich  is  dissolved  by 
vater  unaltered.  It  is  decomposed  on  the  addition  of  the  alkaline 
carbonate  in  tiie  following  manner : — 

Tenhkrida  lo  Istf  of  Garb. 

of  bdJaa.         Cub,  lodliiiii.       OUor.  MxUmn.        lodluia  Iodine,     anhydride, 

BICa,    +    8Na,€e,   =    16NaCl    +    3  NalO.    +    I,    +    9  60,. 

The  neutralized  liquid  contains  iodate  and  chloride  of  sodium. 
Chloride  of  barium  is  next  added ;  an  abundant  precipitate  of 
iodate  ofbariimsi,  which  is  but  sparingly  soluble, is  formed;  this 
k  washed  firom  adhering  salts,  and  is  decomposed  by  a  quantity 
of  sulphuric  acid  just  sufficient  to  combine  with  the  barium : 
iodic  acid  is  dissolved  by  tlie  water,  whilst  the  insoluble  sulphate 
of  Urium  is  separated. 

Iodic  acid  may  be  obtained  by  spontaneous  evaporation  of  its 
aqueous  solution  in  crystals  composed  of  8  HI0, ;  at  a  tem- 
imtnre  of  266°  it  loses  two-thirds  of  its  water,  and  becomes 
(Iie„I.O,)  or  (HO,  3  lO,) ;  by  raising  the  heat  to  360°  it  is  con- 
Terted  into  the  anhydride,  and  at  alx>ut  700°  it  is  decomp*.>sed 
into  iodine  and  oxygen.  Its  solution  is  destitute  of  t>donr,  and 
lias  a  Bonr,  astringent  taste :  many  organic  bodies  decouij>u!?e  it, 
and  owing  to  this  circumstance  litmus-paper  is  fii"st  reddened  and 
afterwards  bleached  bv  it. 

lodates. — Iodic  acid  oft'ei-s  some  anomalies  in  its  combination 
with  bases.  Some  iodates  contain  1  atom,  some  2,  and  some  3 
atoms  of  anhydride  to  1  atom  of  base :  for  example,  there  are 
three  iixiates  of  potassium  ;  tlioy  mav  be  represented  by  the  tull<  »\v- 
ifl":  formulae  : — the  normal  iuifatc,  IvIO, ;  the  acid  iudate,  <.>t*teu 
called  the  biniodate,  KII  2  lO, :  and  the  teriodate  [2  (KU  2  lO,), 
l,0jj  j.  All  the  iodates  are  decomposed  by  heat,  and  give  off  oxygen. 
If  the  metal  have  a  stronger  attraction  tor  iodine  than  for  itxygen, 
an  iodide  of  the  metal  is  formed  ;  tliiis  iodate  of  pot.ossiimi  2  klO, 
becomes  2  KI  +  3  O, :  but  if  the  attraction  of  the  metal  be  greater 
tor  oxygen  than  for  iodine,  the  oxide  is  left  beliiiul :  iodate  of 
barium,  for  example,  is  converted  into  baryta,  oxygen  ga>?,  and 
free  iodine,  the  latter  escaping  with  oxygen  in  violet  vapours; 

2  (fia  2  lO,)  yielding  2  fiaO + 5^0,  +  2  I,.  The  iodates  of  the  metals 
of  the  alkaline  earths,  if  not  heated  too  strongly,  leave  a  basic 
periodate,  the  barium  salt  consisting  of  (Ba  2  10„  i  liaO)  or 
5  BaO,IO,.  The  aqueous  solutions  of  the  iodates  are  decom- 
posed by  sulphurous  acid ;  for  example,  KlO,  +  3  HjSOj  =  Kl-f- 

3  II,SO« ;  an  iodide  of  the  metal  is  formed,  and  then  the  iodine 
may  be  discovered  by  the  starch  test  in  the  usual  way.  With 
the  exception  of  the  iodates  of  the  alkali-metals  the  iodates  are 
but  sparingly  soluble.  The  calcium  salt  retains  6  II,0 ;  those  of 
strontiuin,  and  barium  (BaO  2  IB„  11,0)  if  precipitated  trom  W\ 


Uiuuv  «>tlu'r  iiride. 

(i^\>s)  Pbrioimo  A<;iD  (IIIO.  or  II()JO,=192).— Tlii*  ju-id  cor- 
NyspomU  in  coiniKisitioii  to  the  portihloric :  the  atili  v<lri<iu  is  u% 
prMtuit  unknown.  The  acid  is  oljtniiiod  l»y  tran8iiiittinfr  a  cur- 
rvnt  of  t'lilvritie  ^jw  thnnigh  a  sttlutiou  of  iodate  of  !?o(iium,  to 
>\liirh  ouiiJ'tir  sudii  lias  been  added  in  the  proportion  »>f'  3  iitouis 
«»f'  t'rt'e  alkali  to  1  atom  of  iodute  of  soilinin:  a  sparingly  soluble 
Wn'w  piTiKdate  of  tiiMliiiin  is  formed.  The  reat^tiun  which  occurs 
iiiMV  U*  repix'sonted  by  the  following  gyinbole  : — 


luilxl- 


'•..Klhiin. 


Basle  iK-rtixUte  of 
iwilliiin. 


TFatcf. 


I  Nultt.    +    tt  HMO     +     2  CI,     =     Na,Q,  2  Knie,     +     4  NaCl     4-     3  H,€t, 

Th«'  bnnie  periodate  of  Mxliurn,  which  \vlien  crystalliztxl  (vmtainis 
^Nm.O,  "J  NalO,,  ;J  1I,0)  is  dii?<5iilve<l  in  diluted  nitrie  acid,  and 
luveipituteil  bv  the  iiddiliou  of  nitrate  of  silver;  the  j)eri(MlMte  of 
»ll\ta'  ilk  thou  ("liMti  lived  in  boiling  nitric  acid;  a  normal  pei*itKiBt« 
v»f  •ilvitr  (AfflO,)  cry^tnllizes  a«  the  lionid  cools,  and  this  salt, 
whou  inMiltnl  with  water,  is  decomposed  into  basi<!  perioiJate  of 
•llvei'i  which  in  insoluble,  and  ]»eriodic  acid,  which  is  dirtbolvcd. 
\\\  iiioi)  itf  the  sobiti'in  tlie  jjerifMlic  acid  may  be  obtained 

li.  ,  r.Mit  iil'liipie  rhoinliic  prisms  (I HO,,  '2  Il.O),  wliieh  nro 

»uiie\\hiit  i«»>lui>le  in  alcohol  and  in  ether.  The  periodatea  are 
^i\wt  v»f  them  »tparingly  wilnble  in  water,  but  are  disj^olved  freely 
t».v  diluted  nitric  neid.  The  normal  sodium  salt  (^NalO,)  cauftt-w, 
w'hl*  loiutioiiM  of  nonnal  salts  of  barium,  a  precipitate  of  a  bailie 
^u^i^^u^l^u<  il  iHa  2  lO,),  8  BaO,  5  II.O.  Analogous  preeii)itatoa 
!  rt  illi  waits  of  calcium,  of  lead,  or  of  sdver.  whilst  tho 
Mi^iu'id.  The  basic  silver  salt  is  paleyirllow(2  A{;IO„ 
I^Ol  if  precipitated  from  cold,  but' red  (2  AgIB,, 
^il'  (Vi'iii  liot  dilutions, 

-  oi-  loi'iNK. — Two  compoiuuls  of  iodine  with 
..ivU-Altlorido  (ICI)  and  a  terchloride  (ICl,),  maybe 

' '     '  fi'  in  a  very  irritating,  Tolatilo.  vellowish-brown 

iiunl  by  distilling  1  part.  (A'  iodine  with  4  parta 

the  distilled  chloride  of  io^line  is  soluble, 

i-o,  in  alcohol  and  in  ether.     This  chloride 

ivw  iiHlino  readily^  ai»d  doi>06it«  it  in  beautiful 

,.  is  procured  by  acting  upon  iodine  with 

It  forms  msignitieent  ruby-rcil  crystals 

-ous  sublimation  in  closeil  bottles:  llio 

lin^r  t<»  the  eyes.     If  exposed  to  the  nir 

III   IS  dissiilvi'd   by   water  witliout   exjuv 

^ '  "lutions  decM  r,  nitd 
method  iif  1               /  iodic 
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KUnSE  OF  KirBUaSM- — JfATCHAL  RELATIONS  OF  THE 

Bromide  of  /W/n<'."-Ii Kline  als^  combiners  wi 
forms  eoini»(nmiU  with  it  which  are  pos-iei&uil  uf  p  ,cn        .i.», 

to  those  ot  the  chlorides  uf  hxihie. 

(■UnVi  Iodide  of  Nn'K(i«E.v  \  (KHI,). — Tlib  substance  iiiav  ht 
obtaiual  as  a  blaek  powder  bj  digesting  iodine  li>r  Imli'  an  (loiir 
kiaeold  Biihition  ut"  ammonia.  The  browii  eiiptmatunt  hiniid, 
wbicli  contains  an  exc!e^.s  of  iodine  iiwld  in  solution  by  iodl'le  nf 
immnDiniii,  is  tteeanted,  and  the  insoluble  [Kiwdi=!]"  is  ])laced  npiin 
filtering-paper  in  qiiiintitien  of  a  grain  or  Itj^i*,  and  allowed  to  drv 
spiMiinefniffly.  It  niaj  also  be  pi*epared  by  mixing  alooholic 
ajlutioDS  of  iodine  and  aniuionia,  and  dihitinj^  with  wator,  when 
it  Mis  as  a  black  powder,  wliit'li  niav  be  wa^hud  with  an  inpioon!! 
Bobtiun  of  atutnonia.  When  dry,  it  esph^dos  upon  the  sli<^htcst 
toneh.  and  indeed  it  often  detonates*  without  any  a.«>ignabie  cause : 
the  eqilusion  is  njTnarkably  sliarp  and  sudden,  fumes  of  iodine  are 
prwlteed,  and  a  faint  lij^lu  is  eitiitted, 

Tlie  yxperiiiient^  of  Bineau,  the  results  of  which  have  been 
fubiUHjiiL'iitly  coutinned  by  Gladstone,  have  shown  that  tliis  deto- 
Mtiiif^  couijjound  is  not  a  mere  iodide  of  nitrogen,  but  that  it 
contains  hydrogen  alsti,  having  tlie  formida  NILI,.  Tlie  mode  of 
iti  pivparatiuQ  admits  of  easv  exphmation  hv  the  foUowini::;  etpia- 
tion;  i!  I,+3  II,N  =  2  I-I,^'I  +  ^HI„  the  reartion  of  4  atoma  of 
iodine  apou  3  of  ammonia  produeiiiLj  2  ot"  iodide  of  aninioniuui, 
lad  1  atom  uf  the  detonating  i^iibiitauee.  liiiusen  assigns  to  tiie 
ctMuponnd  obtained  by  prccipitatiui;  an  alctshulie  riolutioii  of  iodine 
vitli  uniuoiiia  the  I'urmula  (Mi,,Xlj),  i>ut  It  is  more  probable  that 
tlie  eum|)osition  attributed  to  it  by  Bineau  {Ann.  de  Chiimc,  III. 
XT.  Tli  is  ciirrect. 

Iodide  of  nitrogen  becomes  slowly  decomposed  in  water ;  am- 
monia retards,  but  potash  and  the  acids  accelerate  the  decomposi- 
tion ;  chlorine,  bromine,  and  strong  nitric  acid  destroy  it  rapidly ; 
sulphuretted  hydrogen  also  effects  its  decomposition  quietly  but 
completely.  The  results  of  the  reaction  last  mentioned  afford  a 
means  of  ascertaining  the  relative  quantities  of  nitrogen  and  iodine 
contained  in  the  iodide :  1  atom  of  the  black  powder,  when  treated 
with  2  atoms  of  sulphuretted  hydrogen,  furnishes  1  atom  of  iodide 
of  ammonium,  1  of  hydriodic  acid,  and  2  atoms  of  sulphur  : — 

NHI.  -f  2  H,S  =  H.NI  +  HI  +  S,. 

(401)  Natural  rdationa  of  the  JTalogens. — It  is  impossible  not 
to  be  struck  with  the  close  analogy  presented  by  the  three  ele- 
mentary bodies,  chloi-ine,  bronnne,  and  iodine,  both  in  their 
nncombined  state  and  in  their  compounds :  they  indeed  form 
one  of  the  best  defined  natural  groups  of  simple  substances.  All 
these  elements  have  the  characteristic  peculiarity  of  combining 
widi  hydrogen  in  the  proportion  of  1  volume  of  the  gas  or  vapour 
with  1  volume  of  hydrogen  ;  the  union  occurring  without  change 
of  bulk,  and  the  compound  formed  being  powerfully  acid  and 
extremely  soluble  in  water.  Chlorine,  bromine,  and  iodine  are 
also  capable  of  displacing  hydrogen  from  many  of  its  organic 
com^oxm^lii^prodacing  substances  which  correspond  in  com\)04>vUoT. 
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with  the  original  body,  but  in  which  a  certain  number  of  atoms 
of  the  halojien  have  taken  the  place  of  a  corresponding  number 
« >!'  iitonis  of  hydrogen. 

TJie  specific  gravity,  fusing-point,  and  boiling-point  of  these 
j'leiueiits  rise  as  the  atomic  weight  increases,  as  .is  shown  in  the 
table  which  follows. 


Hcmanta. 

8p.  gravity. 

Melting' 
point  "P. 

X'^. 

Atomic 
wel^t. 

Dtir. 

between 
•twdghtL 

Gueoui. 

LIqnId  or 

MlM. 

Flunrino 

''hloriiio 

Ilromino 

lodino 

1-313? 
2-47 
6  54 
8-716 

? 
1-33 
31S7 
4-947 

T 
1 

9-5 
225-0 

? 

T 
145-4 
347-0 

19 
36-6 
80-0 
127-0 

I6-S 
44-5 
47-0 

The  intensity  of  their  chemical  activity  decreases  as  the  com- 
billing  nninber  increasca.  At  ortliiiary  temperatures,  chlorine  is 
gaseous,  bromine  liquid,  iodine  solid  ;  the  properties  of  bromine 
ln'ing  indeed  intermediate  between  tliose  of  chlorine  and  iodine. 
Wlion  in  the  licinid  form,  the  three  elements  have  the  same  atomic 
vohimc ;  and  wlieii  united  with  the  same  metal  the  salts  which 
tlic'v  furnish  are  isomorphous ;  the  chloride,  the  bromide,  and  the 
iodide  of  potiiasium,  for  example,  all  crystallize  in  cubes.  Each 
of  these  elements  also  forms  a  powerful  monobasic  acid  with  3 
atoms  of  oxygen.*  The  attraction  of  these  three  halogens  for 
oxvijeii  is,  however,  in  the  inverse  order  of  that  of  the  same 
hulojrens  for  hrdi-ogen  and  the  metals.  Neither  iodic  anhydride, 
nor  tlio  a(!i(l  in  solution,  is  decomjKjsed  by  free  chlorine  or  bro- 
inino  :  bromic  acid  aiul  the  bix)inates  are  also  unaffected  b^  free 
chlorine  ;  but  iodic  acid  is  easily  obtained  by  the  decomposition 
of  eliloric  or  bromic  acid  by  free  iodine,  though  bromine  is  only 
in  small  proportion  eoiivertecl  into  bromic  acid  bv  the  action  of 
bromine  on  chloric  acid.  The  table  on  the  following  page 
exhibits  some  of  the  corresi.K)nding  coniixjimds  with  hydrogen  and 
oxygen  whicli  are  formed  by  the  halogens. 

.\t  the  time  that  icKline  was  discovered,  chlorine  was  by  most 
cluMiiists  regarded  as  a  com|X)und  of  muriatic  acid  and  oxygen, 
and  was  conse«]uentIy  known  as  o.ri/in  uriatic  acid.  Indeed,  many 
of  the  i-eac^tions  which  it  presentetl  admitted  of  a  simple  explana- 
tion on  this  hypothesis,  and  this  eircuinstance  prevented  chemists 
from  lulopting  generally  the  views  which  had  a  short  time  pre- 
viously been  put  forward  by  Davy,  maintaining  the  elementary 
nature  of  chlorine.  The  discovery  of  i(.>dine,  l»>\vever,  decided 
them, and  subsisted  materially  in  tixing  the  o])ini<)n  now  entertained 
ivspecting  the  connK)unds  of  tiuorinc,  the  fourth  member  of  the 

•  Nitr«t(r<>n  is  remotely  connected  with  this  (rronp  by  the  similarity  of  the 
nitriktt'M  with  th«  ohloratos,  and  of  the  nitrites  with  the  chloritcs;  it  forma  an 
iuturiniMliitlt'  link  in  th«'  natural  grroiiping  of  the  elcm<iuta  bet«-een  the  halogena 
mill  tho  t'lfUicntH  IwUmjrinjj  to  the  phosphonis  family  ;  its  compound  with  hydro- 
ir«'U  i\i/..,  ammonia)  prritenting  some  analogies  with  phosphuretted  hydrogen, 
witkth  wiil  Itv  luure  fall}-  ahuwn  hereafter. 
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Hydrochloric  »oId. 
/ • . 

Ha 

Brpoeblaroiu  acid. 

Hcie 

CUarooB  add. 

Bydrobmmla  acid. 
HBr 

HypobromouB  acid. 

Hydriodtc  add. 
HI 

Iodic  arid 

HBrO 

Bromlo  add. 

Hcie, 

Chloric  idd. 

Hae, 

Perchloric  add. 

HBre, 

Hie, 

Periodic  add. 

Hcie. 

Hie« 

group,  and  of  which  our  knowledge  is  in  a  much  less  satisfactory 
conditioa. 

§  IV.  Pluoeine  :  F  =  19. 

Theoref/icai  Density,  1-313  ;  Camh.  Vol.  Q. 

(402)  Many  unsuccessful  attempts  have  been  made  at  various 
times  to  isolate  fluorine.  Its  chemical  activity  is  so  pcjwerful,  and 
its  action  on  tlie  human  frame  is  so  irritating  and  deleterious,  that 
little  that  is  satisfactory  is  known  concerning  it  in  its  tree  state. 
No  doubt,  however,  is  entertained  of  its  general  nature,  since  its 
comixiuiuls  are  closely  analogous  to  the  corresi^onding  ones  of  the 
three  elements  which  have  just  been  described.  According  to 
Kammerer  {Cfwrnisches  Centralblatt,  Aug.  1S(>2,  j).  5-23),  free 
fluorine  may  l)e  obtained  in  the  following  manner  as  a  colourless 
fdswliich  has  no  action  on  ])erfectly  dry  glass.  Into  a  perfectly 
fin-  glas.s  tube  iodine  is  introduced,  togetlier  with  a  thin  closed 
plass  cylinder  containing  well-di'ied  tluoride  of  silver  in  excess 
wer  the  iodine.  The  air  must  be  coinj)lotely  expelled  from  the 
tube  by  converting  a  portion  of  the  iodine  into  vapour;  the  tube 
I'tlien  to  be  hennetically  sealed,  and  the  little  cylinder  of  tluoriile 
"i^ silver  broken  ;  after  which  the  tube  must  1)0  exjxfsod  in  an  air- 
bath  for  24  hours  to  a  temperature  of  from  1<50°  to  1S(»°.  At  the 
wkI  of  this  time,  in  an  experiment  made  in  this  manner,  the 
''xliae  liiul  entirely  disappeared,  and  a  colourless  gas,  permanent 
over  rnercmy,  and  rai)i«lly  absorbed  by  solution  of  potash,  was 
•obtained. 

fluor-spar,  or  iluoride  of  calcium  (OaF,),  is,  with  the  excep- 
tion of  cryolite  (3  NaF,  AlFj,  the  only  compmind  of  tluorine 
^hich  exists  native  in  abundance;  and  from  it  all  the  i>i'cpara- 
tions  of  fluorine  are  obtained.  Small  (piantities  of  fluoride  of 
calcium  are  contained  in  a  variety  of  minerals,  ])articularly  in  the 
phosphates  of  calcium  and  certain  kiudo  of  mica.     It  exists  loc 
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in  minute  (itntntity  in  the  bones  of  auimab,  and  MpociiJiv  in  tf 
tec  til. 

(403)  IIypkofldoric  Acid:  fornierly  incon^ectllv  tennt-d  /7m- 
oric  Acid  (li F^ 2' >). —  Tfu^ordlc  Sp.  Or.  of  AnhydriiHn  V,rj>,»t,\ 
0"t>8y:  Atomic  Vol.  I  1  j. — Flnorine  id  not  known  to  form  anf 
oxide,  but  witli  hydrogen  it  constitotes  a  very  rein»r1»'HMc  ai-id. 

J^i'rjf'ird/ioii.. — III  onltT  to  jirot'inT  Iiy(bi)/liU)riL'  iu'i<i  in  wilu 
tion  ill  it  cuiicfntratod  form,  1  i»art  vt'  tinoly  jtowderod  fiu<ir-*]»Ril 
tree  tVoiii  silica  an<l  the  nietMllie  siil[iliidei*,  is  iriixwl  wifii  *2  or  ' 
purts  oil  of  vitriol;  at  ordinary  teiiiperutnres  no  evnhition  ol 
Tai>our  occurs  if  the  fluor-««j>ar  be  pure,  but  a  tl•an(^J^a^t•nt  eel 
tiMtius  ma>»  is  formed.  On  tiie  «pjili«.-ation  of  a  gentle  hvnX  (frnr 
aeid  fumcriof  an  extremely  deleterious  nature  arise,  and  a  reaetioi 
take*  plaee  .similar  to  that  which  occurs  in  the  prejiaration  u^ 
bydrocliloric  acid :  thus, 

eaF,+H,se.=2  HF+ease.. 

Owinoj  to  the  powerfidlv  corrosive  action  exerted  by  thi&  com- 
pound upon  gla?>*,  which  it  deprives  of  its  silicon,  it  is  iicfe>%^!iry 
always  to  prepure  it  iu  metallic  vei^els.     For  ordinary  ittirpoMS 
the  <lii!'tillation  may  be  conducted  in  a  leailen  retort.     For  tt 
convenience  of  removing  the  chargre  after  the  operation  Is  ore 
it  ia  foimd  advantageous  to  make  the  retort  in  twi>  pieee»-,  a  he 

andab(H]y  ;thel 
c,  fitr.  Sui,  fits 
rately  by  an  overb]^ 
ping   gro«»ved    jo5» 
1  nto  tlie  1  >ody ,  b.    TL« 
heat  may  l»e  convi; 
uientlv  a]>plied  in 
e<piul>le   iioii    I 
jilaciuj?  thi' 
the  retort  in  h  cbu 
L»wiron  tray.n.  tilli 
with  e^auil :  d  i»  tl 
receiver  for  the  aci 

it  Con::«i.st:i  of  A  h'wlc 

pifKJ  tittinl  by 

ins  to  the  neck  of  tbo  retort,  and  is  eoole<l  by  iniinersiui 
.jjuxtnre  of  ice  and  eult.  ^Vhen  a  perfectly  pure  acid  ift  reqt 
'tlic  still  mn-^t  consist  »>f  pl;(titnjin. 

The  eoueentrated  :  ined  by  the  fore;: 

I.mi'  l..'li.\  I'.l    to  Im3  :i  ;-;    but  the  rcseu: 

(  .  xxiv.  4^4)  have  prx>red  that  it  i.Nintiiins  waic 

lU- w. ........  ..  „  .ill  an  excej»  <>'"  •■1.. .>.!.. .-; .i......:t.  .  .1 

was  therelty  rtnuuvetl,  anfl  a  ch 

intr  n:iture  wa>  sn-t  fKt^ :  it  i 
tirto  Htv  ►»ir.  hiid  hut   litilr  »ci l  p 

» 

(hi',iJi'j  to  tiistUiiUum  ;  the  Mil t  is  tint  nadvTcd  aniijiimu* 


VRortscras  of  iiydroplttokkj  actd. 


dc'siooation,  and  ]ty  nftcrworrls  npjilyinir  a  strung  ln-jit,  tlie 

"t-ut  of  hyilroHiiuric  afiil  1;^  c'XiM.lIed :  by  the  H|i)>li('afiitu  of 

•  Trcczinp  mixture  of  ice  ami  gait,  tiie  nriliydrous  act<l  is  >mo«J  Im  l»e 

obtaintHl  in  tlie  form  of  a  ci.loiirloiis,  moliile,  very  volntile  liquid. 

Fiviuy  ftleH)  Mates  that  ho  obtained  the  anhydroui*  aoi<l  by  decoin- 

1   rtuitridf'  of  lead  by  dry  hydrofren.     It  n<liiiils  uf  dnubt, 

•  r,  wliollier  the  liijuid  obtained  by  either  of  iliew  proce-^fs 

■  :illy  rinhydrons;   for  it  ii5  opjxised  to  analoiry  that   hydro- 

;i(id  sh(<\dd  be  condensed  more  readlK'  than  Iiydroeiduric 

Hi'id,  which   requires  a  i^reater  pressm'e  to  liquefv  it  tiiaii  tiydro- 

bruiiiic  aeid,  and  hydrobromie  acid  a  greater  than  hydriodie  aeiil 

the  fiicilitv  of  liquefaction  increasing  as  the  combining  niiiribei 

of  the  acid  becomes  more  elevated. 

ProiH'rtic^. — The  aeid  obtained  by  distilling  flnor-siiar  witli 

oil  of  ntriol  i*  a  densely  fiiminfj,  volatile,  colourless  licimd,  which 

If'ili  !it  about  fiO",  and  remain!^  unfrozen  at  — 4'^.     The  jirtqiara- 

:  this?  acid  must  be  conducteil  with  the  jri'eafest  care,  and 

,       I  itrovisioii  must  i>e  made  for  carrying  ott'thc  funns  from  tho 

oitHHitor.     The  liquid  acid  iti  highly  dangerous,  from  it-*  caustic 

action  upon  the  skin  ;  the  STnallest  drop  occasioning  a  dce|>  and 

piiinful  burn.     Indeed,  it  ought  never  to  ha  preserve<l  in  the  oon- 

tL'd  lorui.     When  poured  into  water  it  comliine- with  it  with 

ndity.  and  with  tlie  cv(t]utioii  of  so  higii  a  temperature  as 

^u*  a  hi.-t-ing  noise,  resemiiliiig  that  caused  by  (jiieiiehing  a 

I  iron.     In  its  concentrated  furm  it  has  a  H[»eciti<*gnivity  of 

iiMt,  l»nf  by  the  a<hlition  of  water  the  density  may  Ite  increased 

Ut  I'loO,  beyond  which  ]>oint  further  dilution  is  attended  with  a 

reenliir  decrease  in  density.     The  acid  of  sp.   gr.   ri.">t>  (.IIF, 

i  II.Ol,  boils  at  248°,  and  may  be  distilled  unchanccd.     (See  note, 

p. ISl.'i    Diluted  hydnttluoric  acid  gradually  i.liA>?olve8  the  metals, 

iig  platinum  and  some  of  the  metal*  ai?s<XMUte<l  with  it,  and 

Uer,  lead,  and  mercury;  the  metal  whilst  undergoing  sol  u- 

tiuu  ilirplaces  hydrogen.     Votassiuni,  if  thrown  iuto  the  strong 

•cid,  dec«>mj)oses  it  \y\X\\  e.xplosion. 

Hydrofluoric  acid  is  easily  recognised  by  its  corrosive  action 

"''••■  L'hiss.     In  order  to  detect  a  fluoride  in  a  com]>ound  which  is 

od  to  contain  it,  the  material  is  rediuied  to  a  tine  powder 

Ned  in  a  platinum  capsule  with  strong  snl]^huric  acid;  a  slip 

-  \a  warmed  and  rubbed  over  with  bees'-wax  bo  as  to  coat  it 

ily;  a  few  characters  are  next  traced  with  a  point  tlinmgh 

N,  so  as  to  expose  r  portion  of  the  glass:  this  etching  is 

liien  inverted  over  the  platinum  capsule,  which  is  gently  warmed 

Ct  a  iw  minutes,  and  the  glass  is  cooled,  if  necessary,  witli  a 

|)iece  of  moistened  liltcring-i)aper,  in  order  to  prevent  the  wax 

'- 'ioouming  melted.     If  tiuorine  be  contained  in  the  mixture, 

-i,  on  cleaning  off  the  wax  with  a  little  oil  of  tur]ientine, 
**ill  l/c  found  to  be  corroded  in  the  parts  exposed:  if  tlie  tntcea 
fn'  very  faint,  they  may  be  rendered  visible  by  breathing  upon  the 
fttrffK-e  of  the  plate. 

A  weak  solution  of  hydrofluoric  acid  is  often  employed  advan- 
omly  for  etching  on  glass:  iu  this  way,  for  instance,  tli£ 
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graduations  on  the  glase  stem  of  a  thermometer  minr  be  maile 
Avith  great  preciMon  and  facilitv :  the  srlaes  tube  is  first  cosigA 
Arith  enin^veis'  etching  vamith.  the  dirigions  are  traced  throng 
the  varnish  with  a  fine  point,  and  the  tube  is  plunged  into  a  long 
leaden  tulie  tilled  witli  the  diluted  acid ;  in  the  course  of  a  few 
minute^  the  scale  is  permanentlv  engraved. 

Jriu''i'ulr4. — The  componn<^  of^the  metals  with  fluorine  fcr 
the  nK>st  part  fuse  ea&ilr  on  the  application  of  heat,  and  hence  the 
•"•risrin  «.'f  the  terms  ^Mt/r-spar  and  fluorine  (from  fluo,  to  flow), 
AViien  ignited  in  a  current  of  eteani  nianj  of  them  are  converted, 
into  the  ci>rresponding  oxide,  whilst  livdn^fluoric  acid  is  formed. 
A  hirire  numV»er  oi  the  fluorides  are  insoluble,  or  only  erparingiT 
solubfe.  in  water.  They  are  all  decouijwsed  when  heatedTwith  (m 
of  vitriol,  and  evolve  hytlrofluoric  acid ;  but  they  are  not  so  readily 
attacked  by  nitric  aciiL  If  heated  with  chlorine,  many  of  the 
fluorides  are  decomposed,  whilst  chlorides  of  the  metal  are  pn>> 
duced.  T]ie  g4.*lutiun5  of  the  soluble  fluorides  corrode  the  glaflB 
vessels  hi  which  they  are  contained ;  they  give  no  precipitate  with 
nitrate  »;»f  silver,  since  fluoride  of  silver  is  soluble  ;  but  with  salts 
of  lead,  l»arium.  magnesium,  and  calcium,  insoluble  precipitates, 
consisting  of  tlie  fluorides  of  these  metals,  are  produced.  The 
fluoride  of  calcium  is  so  transparent  as  to  be  perceived  with  difli- 
culty  :  but  on  heating  the  liquid,  or  on  the  addition  of  ammonia, 
it  is'  rendered  more  opaque. 

Many  metallic  fluorides  combine  with  an  additional  atom  of 
hydroriuorie  acid,  and  form  ci^tnipounds  which  may  often  he 
oiitained  in  cry^tals  that  are  s<»lul)le  in  water.  The  double  fluoride 
i>f  lK>t:i>?iuni  untl  liydrogen  (KF.llF)  luvs  been  already  mentioned 
as  a  conviMiient  s<.»urce  of  c\>ncentrated  hydrofluoric  acid.  Double 
fluoridos  v>t'  the  alkaline  metals,  with  the  fluorides  of  the  electro- 
nej;;ativo  metals  which  torm  acids  with  oxygen  may  likewise  be 
i>l)tainod  with  facility.  Many  insoluble  metallic  anhydrides,  such 
as  the  tantalio,  titanic,  molyWic,  suul  tungstiu  anliydrides,  are 
thus  disM lived  by  hydrotluoric  acid,  fluorides  of  the  metals  being 
tonned,  whilst  the  oxygen  of  these  compounds  produces  water 
with  the  hydivgon  of  the  hydrofluoric  acid  :  the  metallic  fluorides 
so  formed  ai-e  dissolved  l)y  the  excess  of  hydrofluoric  acitL  and 
give  rise  to  new  ci'm}>ound  aciiU.  Titanic  acid,  tor  instance,  is  thus 
converted  into  ihiotitanie  acid;  TiO,  +  6  HF  becoming  (2HF, 
'i  iK.)  r'_*  lljtK     ISiliea  yields  a  similar  compound  (2  lIF,!siF,). 

lluiiolliionc  acid,  when  mixed  with  nitric  acid,  readily  dis- 
^.•^^■■;  >ilicou  which  hsis  not  been  stronjrly  ignited;  but  it  is 
rcmmkal'lc  that  the  mixture  does  not  dissolve  either  gold  or 
|Maiimiiii. 

NiiiiiviS'Uri  other  cominnuuls  of  fluorine  have  been  prepared, 
!':i!  ihcv  uiv  Mvit  of  sutHcient  practical  importance  to  require 
M".  ;i-c  here  :  the  iH>n»pouu*ls  which  it  forms  with  silicon  and  with 
!>.>!i>ii  will  U'  dcscriUHl  heivalYcr  i-lTS,  4S3). 

I' '4^  /'i/t /*//♦//««//<>/(  oT  tin'  (\iiiiitiui/i</  Pi'ojiortion  Cff  FliM- 
, .;  .  Ahhough  the  chcu'dst  has  hitherto  lH»en  unable  to  isolate 
!ui~-niw  in  u  »tatc  v>f  purity,  yet  its  combimng  proportion  has 
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determined  with  predsioii ;  and  the  mode  of  proceeding 
an  inatmctive  ilhiBtration  of  the  resources  of  chemical 
analyBis  in  each  a  case. 

The  method  of  operating  is  as  follows : — Pure  fluor-spar  ia 

lednced  to  an  impalpable  powder,  and  dried  ;  100  grains  of  this 

powder  are  accurately  weighed  into  a  counterpoised  platinum 

cradble,  and  concentrated  sulphuric  acid,  also  perfectly  pure,  is 

added  in  quantity  sufficient  to  reduce  the  whole  to  the  consistence 

of  cream :  after  standing  for  some  hours,  the  excess  of  acid  is 

expelled  by  the  heat  of  a  lamp :  the  temperature  is  raised  very 

ctntiously,  and  the  crucible  and  its  contents  are  finally  heated  to 

bright  redneae.    In  this  operation  the  whole  of  the  fluorine  is 

expelled  in  the  form  of  hyarofluoric  acid,  the  calcium  combining 

with  the  radicle  of  the  sulphuric  acid,  and  forming  sulphate  ot 

eikiniu  which  remains  behind,  whilst  the  fluorine  unites  with  the 

hydrogen.     On  weighing  the  crucible  after  the  experiment  is 

emnpteted,  the  sulphate  of  ctdcium  will  be  found  to  amount  to 

174*36  grains. 

Now  it  is  known  that  68  grains  of  sulphate  of  calcium  contain 
90  of  calcium  and  48  of  sulphuric  acid  radicle,  20  being  the  com- 
Irining  number  or  equivalent  of  calcimn,  though  its  atomic  weight 
■  40(13):— 

but  68  :  30  : :  174-36  :  a?  (=51-26) ; 

174*36  grains  of  sulphate  of  calcium  must  consequently  contain 
51*25  ot  calcium ;  100  parts,  therefore,  of  fluor-spar,  if  it  consist 
only  Qf  fluorine  and  calcium,  must  be  composed  of  51*25  of  cal- 
cimn and  48-75  of  fluorine.  The  combining  proportion  of  fluorine 
is  then  found  directly  by  the  following  calculation  : — 

Qt7.  of  ealohim    Oomb.  No.      Qty.  of  fluorine      Comb.  No. 
to  100  parts.       of  caldum.        lolOOpa'ts.        offlaurine. 

51-25     :     20     ::    48-75     :      19. 
The  combining  proportion  of  fluorine  is  thus  ascertained  to  be  19. 


•  CHAPTER   VII. 

StJLPHlTB — BtLENItJM — TELLUBIOM. 

.  (405)  N'atural  Relations  of  the  Sulphur  Group. — Between 

sulphur,  selenium,  and  tellurium,  a  marked  analogy  in  chemical 

character  is  observable.     They  are  all  characterized  by  a  powerful 

attraction  for  oxygen.     The  properties  of  selenium  are  intenne- 

diate  between  those  of  sulphur  and  tellurium,  which  latter  presents 

eo  much  of  the  external  characters  and  appearance  of  a  metal, 

that  it  is  usually  described  with  the  metals.     The  specific  gravity 

and  fusing  point  of  these  elements  increase  as  the  atomic  weight 

increases,  as  will  be  seen  by  comparing  the  numbers  in  the  diner 

ent  cases : — 
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Eli-ln*nt« 

!*]»rfno  gravity. 

MrlUni^-pt 

BoUDiL'-pt. 

At   »t. 

t'lfftrcIiM         1 

Sulph\ir 

Selenium 

TiiUiiriiim 

2-05 

4-788 

6-86 

239" 
423' 
»00' 

830' 

33 
79-5 
129- 

4-r&         1 
49-6           1 

Ainonpst  the  compouiKls  of  eiw-h  of  thcjJe  Ixvlies  with  oxyjren  ar 
two  anliyilrides  ;  one  with  2  atoms  of  oxy;i;on  c'oiTc-s|Kiniliii;r  will 
6nl]>huroiis  anliydride  SO,,  fiiul  another  with  three  atonia  of  oxi 
geii  coiTe3iK)ii<fing  with  Bulphtiric  atiliydride  SO,.  Ouv  volanu 
of  tiie  vap<»ur  of  each  of  these  three  element!?  unites  witli  2  v«ilna 
of  hy(h'i»}j;eii  to  form  2  vohimes  of  a  B])ariii£;ly  i^ohible  ga 
comjKiund  possessed  of  a  disgusting  odour  ancl  feehly  aci<1  cli 
ter,  (Jxygen  also  presents  a  curtain  ainilogA'  with  the  iiieniher 
of  this  grunj),  1  volume  of  oxygen  uniting  witli  2  volumes  of  hy4 
drogen  to  form  2  volunios  of  steam  ;  and  the  oxides  and  solpbide 
generally,  exhihit  many  points  of  rescmhhince. 

The  atomic  volume  ot  solid  sulphur  is  lol,  and  that  of  Beleniai 
103,  or  nearly  identical ;  Ijut  that  of  telhirinm,  128,  is  oiie-fourtl 
higher.     It  may  be  further  rejoarked  that  theeorresjKinding  emiii^ 
pounds  of  suli)hnr,  selenium,  and  tellurium  aro  isomorplama. 

The   singular  numerical    relations  wlticli    Dumas  and   othe 
have  ))oiiited  out  l»etweeii  the  atonn'e  weights  of  the  meniWr 
composing  these  groups  and  thuso  of  several  other  elements  equai^ 
ehwcly  allied,  will  he  discusse<I  at  a  future  i»oint  (103+), 

It  will  be  suttieient  here  to  retnark,  tliat  in  groups  of  eh 
negative  elements  of  sinn'lar  pmjierties  it  is  usually  oliservahU 
that  the  ehemieal  aetivity  of  each  element  of  the  gr<iup  is  nsujiflj 
greater,  tiie  smaller  is  its  combining  numlier;  sidplnir,  for  es 
ainple,  being  more  active  in  its  chemieal  relations  than  Bclenium 
and  selenium  than  tellurium  :  so  again,  tluorine  is  ujore  energetic 
in  its  chemical  actions  tlian  chlorine,  ehlorino  tlian  bromine,  ftn< 
biHiniine  than  iodine.  In  the  metals,  or  ba»ylous  elemente,  th^ 
order  of  their  activity  is  exactly  the  reverse,  potitssium  boiug 
more  active  than  s<j<ljum,  and  sodinuj  than  lithium. 

The  following  table  exhibits  some  of  the  corresponding  cotn« 

Iiounds  which  the  elements  of  tliis  group  form  with  oxygen  luid 
lydrogen  : — 


Wnter. 

1 

8ril)ihnrnt(c<1 

HuliihiiruuB 
ik<-l<l. 

SuI«Dliir*tted 
liyJnijicn. 

Seleiiluu* 

T.'lhirMtcd 
hvJrngon. 

11. H^ 

Trllarnni 
nrU 

11,80, 
Bulnlmrle 

U,SoO, 

SrloHlo 

BCl.l. 

lljiPeO, 

Tvllarle 

u.Tue, 

'~E,SO, 

U,!ioO, 
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I  L  ScLpnrR:  S  ==  32,  or  S  =  16.* 

'^...J.Jning  Volmm  hekno  1500°,  \\   above  1900°  [J;  Spfcijk 
■'"'.V  of  Vupo^tr,  ^-(Al  at  900°  F.  ;   Theoretic  Sp,  Or.  ni 
"l*-216S;  Ofmtml,  at  1900°,  2'23 ;   MeUin/j-pL   239°; 
Inling-pt.  83ti''. 

(40r<)  Mi>st  of  the  fiulplnir  used  in  Eiiplfind  U  obtained  from 
Sicily,  where  it  occui-s  in  the  native  or  iinfuuihined  state  in  beda 
•f  a  bine  clav  funnatit^n,  stretdiiuc;  tivjm  the  soiUhoni  coast  of 
the  island  towards  the  base  of  Morint  Etna,     It  i#  also  found 
abumlantly  in  vok-anie  di-^triets  general] v.  and  ]>artieHlarly  in 
tliiisp  wliich  Ixirder  the  Mediterranean.     Many  of  the  eoniponnda 
of  i*iilji[iur  with  the  metals  occur  in  pn'OHt  alinn<l!ince  as  natural 
prinjucti'in^, — e.speeial]y  the  Bnl])ljideis  of  iron,  cop]>er,  lead,  and 
lino.    liisul|ihi(le  of  iron  (iron  pyrites)  turnii^hes  a  large  propor- 
tion of  the  snlphur  consumed  in  the  manufacture  of  oil  of  %'itriol. 
Sulpliiir  \i  still  more  extensively  distributed  in  the  oxidized  con- 
dition a-*  suljihuric  acid,  in  combination  with  various  earths  ;  the 
;•■■«  of  calcium,  miignesium,  barium,  and  strontium  being 
Tit  natural  priMluctions.     Sulphur  is  likewise  an  essential 
innt  of  many  bodies  of  or<ranic  oriijin  ;  it  enters  into  the 
-itiiiu  of  severid  f<i»tid  vohitile  nils ;  it  is  a  necessary  ingre- 
(iitiit  in  the  muscular  tissue  of  animals,  and  is,  indeed,  always 
contained  in  the  albuminoid  or  proteic  compounds. 

Properti^js. — Native   8uli>hur  is   found   either  in  amonihoua 

""     ,  or  in  transparent  yelluw  crystals,  the  form  of  which  ia 

I  trom  the  octohedron  with  a  rhombic  base.     Tlic  sulphur 

f'l  rmiuneree  is  presented  either  in  the  form  of  a  hai"sh.  yellow, 

irriftv  yxiwder,  known  as  powers  of  unljthur,  or  in  round  sticks, 

iring  roll  suljiluir  or  common  hi'ii/iKton-'i.     In  the  latter 

■  la  it  is  a  solid,  nearly  opaque,  brittle  substance,  of  a  cha- 
nicteristic  yellow  colour,  with  a  Plight,  peculiar  od<mr.  It  is  inso- 
luble in  water,  and  is  consequently  tasteless  ;  it  is  a  bad  conductor 
"f  heat,  and  when  rasped  with  a  warm  hand  frequently  crackles 
ukI  fails  to  pieces  from  the  unequal  expansion  ;  it  is  an  insulator 
of  electricity,  and  becoTues  negatively  electric  by  friction. 

Sulphiir  is  higlily  inllammable,  and  when  lii>ated  in  the  air  it 
take*  tire  at  between  450'^  and  50*)",  burning  with  a  bhie  fliune, 
«ucl  emitting  pungent  sutTocating  fumes  of  sulpliuiMUs  anhydride. 
At  23li»^  it  melts,  forming  a  yellow  li(juid  which  is  less  dense  than 
llie  immelted  snlphur.  In  cMosed  vessels  it  may,  by  a  further  heat, 
he  ilii.tilled,  the  boiling-point  being  about  !S3(»°  (Regnanlt)  j  at 
tliis  temperature  sulphur  yields  a  deep  yellow  v.apour  of  s]i.  gr. 
^'•517:  1  volume  of  this  vainnu'  contains  3  atoms  of  sulphur. 
Hitionn  found  that  when  6uli»hur  is  heated  to  about  ISoO'  h.  tlie 

■  lii.'comes  dilated  to  three  times  the  bulk  that  an  equal 
-  .!  of  the  vapour  occupies  at  UOi)-,  and  tluit  at  thiti  high  tem- 

iwature  the  volume  occu])ied  liy  an  equivalent  of  sulphur  vapour 
(^i)ri^ponds  with  that  of  an  equivalent  of  oxygen  ;  this  observa- 
tion UoA  recently  been  contirmed  by  Dcville  and  Debray. 

*  Jfo/ecuJjtr  rolame  of  tree  enlpbur  (SS)  =  |    |_^|. 
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Sulphur  pumhines  readily  with  chlorine,  with  bmmine, 
with  ioiline,  ei-iiecially  whtMi  the  action  in  tavoiired  by  lieut.  It 
also  enters  rapiilly  into  coinliiinition  with  iriust  of  s' 
many  of  wliicli,  like  cojiper,  iron,  and  silver,  if  in  a  •- 
division,  hum  vividly  when  heated  in  its  vu]MMir.  Tin 
of  snlplmr  witli  the  metald  are  termed  itnqthidrji^  or 
Generally  for  each  sulpliidc  a  corres-pondini^f  oxide  exists,  om-Ii 
atom  of  oxyjsren  in  the  molecnle  of  tlio  oxide  Iteing  roprescntml  in 
the  snljthide  iiy  an  atom  of  stdphnr  ;  and  snljilinr  often  diiiplai<lk» 
oXYfren  hy  doiilile  deeompositi<»n  ;  1  atom  of  sulphur  i:?  thetvforo 
equivaleul  to  1  atom  of  oxygen  and  to  2  atouio  of  hydrogf^a  ur  of 
chlorine. 

Extrarllon, — When  the  proportion  of  snlplmr  iji  the  matrix 
large,  the  earthy  impurities  are  removed  l>y  t»iiiiply  meltinsj  out 
tlie  sulphur  from  them  ;  but  when  the  proportion  of  siiljiliur  i1..»ca 
not  exceed  S  or  12  per  cent,  it  is  found  to  l>e  more  advantaijeond 
to  fiuhject  the  mineral  to  a  rough  distillation,  which  is  perfunnitll 
upon  the  spot  where  it  i^obtnineiL    For  thi!«  purpose  a  long  brirkl 
furnace  is  constructed  so  as  to  contain  a  don  Me  i"ow  of  uj>riglit 
earthenware  retoi-tn,  each  of  a  capacity  of  4  or  5  gallons:  eadi 
retort  is  fumisliod  with  a  large  aperture  at  the  top  for  cliurg 
it  with  the  snijiliur,  and  witli  a  »nort  wide  tube,  which  i>r<»e« 
from  the  ^ide  at  the  upjier  part,  and  slopes  downwards  thruiighl 
tlie  walls  of  tlie  furnace  into  an  earthen  receiver  of  a  form  hiiniliir^ 
to  that  of  the  retort :  from  the  bottom  of  the  receiver  a  short  ])i)>e| 
carries  otJ'  the  Btill  melted  sidjihur  into  a  vessel  containing  wator.  i 
ft  is,  however,  t^till  very  impure,  ami  requires  a  secoiul  mnre  <'ans 
ful  diistillation  before  it  is  tit  for  many  of  the  purpose**  to  which 
it  is  applied  in  the  arts.     This  second  distillation  is  condiict«-d  in 
retorts,  gciicrally  nf  iron,  fnruishcd   with   a  short,  wide,  iRtivul 
neck;  the  fumes  are  received  into  large  chambei*  of  brickwork. 
If  the  wall«  of  these  chambers  be  ke{>t  cool,  and  the  proce*»<»  boj 
condnctcd  slowly,  the  sulphnr  is  condensed  in  |>owder,  atid  fonu«l 
'flowera  of  sulphur ;'  but  if  the  lire  be  urged,  and  Uio  masonry  l)c 
allowed  to  become  hot,  the  sulphnr  melts,  runs  down,  and  is  then 
drawn  otf  info  cylindrical  wooden  moulds,  which  give  it  the  uaiuJ  i 
form  of  rull  Bulphiir. 

When  sulphur  is  prepared  from  pj'riteft  (FeS,),  the  minerwl  is 
sometimes  distilled  in  cli»eed  vessels,  and  by  this  means  about  oue-] 
third  of  the  sulphur  whiclx  it  contains  is  volatilized  and  condensed,  i 
magnetic  pyrites,  Fe,8„  remaining;  but  it  is  more  nsnal  Ut  eiitJ- 
duct  the  (hperatii'U  in  the  ojien  air.  as  a  jireliminary  step  in  tlie] 
roasting  of  copper  pyrites  to  prepare  it  fur  smelting.    lingo  heap* 
of  the  ore  nre  arranged  in  the  form  of  a  truncalcil  scpiarc  pyramid, 
the  base  of  wlii«;h  is  about  30  feet  in  the  side.   A  luyer  of  povvderuO 
ore  is  placed  at  the  bottom,  and  over  this  one  of  brnshwo«(d:   itji 
the  centi'c  is  c<tnstru(^ted  a  wooden  chimney,  which  commiinicateft 
ynXh.  air-ways  left  between  the  fagt)ts ;  fragmonts  of  ore  are  nowi 
piled  up  until  the  heap  is  about  8  feet  high,  and  lastly  the  whole 
IS  covered,  for  a  depth  of  12  inches,  witli  a  layer  of  jiowderwl 
ore.     Such  n  heap  contains  upwards  of  2UUU  tons  of  pyritua,  ami 
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fiimisli  about  20  tons  of  sulphur.     "Wlien  the  constniotioti  of 
tilt.'  heap  is  complete,  the  fire  is  kiii(Jlc<l  in  the  centre  by  dropping; 
li;;hti'(i  fiiguts  dnwu  the  chimney;  in  the  «r<mrse  of  a  few  day*  the 
Ileal  liecoiues  diffused  thmnghout  the  ina.-^ci,  and  sulphur  begins  to 
owe  from  tlie  .surface.     When  this  is  observed,  numerous  henii- 
s]*rical  wells  or  exeavations,  fitte<l  witli  covers,  are  made  in  tli3 
Bn(M>TlJcial  layer  of  ore  for  the  reception  of  the  nulidiur;  into  the<e 
•  it  drains,  and  is  daily  ladled  out  and  cast  into  moidd-s. 
i.'ess  t»f  roa.->ting  siidi  a  lieiip  (jiieupies  five  or  six  months. 
r«v/f>— Sulphur  is  extensively  employed  in  the  arts;  from  its- 
rpadv  inflammabilitv  it  is  used  to  facilitate  the  combustion  ot" 
m»ny  bodies,  as  in  tlie  preparation  of  matches;  and  large  quanti- 
titt  are  consumed  in  the  manufacture  of  gunpowder.    Jt  is  em- 
ployed to  some  extent  as  a  medicine,  especially  in  certain  forms 
of  fntaneona  dise&je ;  when  converted  into  Bulpiiuroiis  acid  It  is 
«pplifd  to  the  bleachinw  of  silks  and  llannels ;  but  its  chief  con- 
■n  is  in  the  production  of  sulphuric  acid. 
7)    Various fortn*i  of  Snlj>hur. — Sulphur  has  been  already 
}iointe<l  ont  (87)  as  affording  a  striking  illustration  of  the  occur- 
J*nw  of  allotropy:  it  may  oe  obtained  in  several  distinct  raoditi- 
cstions  i>f  form,  or  in  different  allotropic  states. 

The  first  form  is  the  native  crystal  of  sulphur,  the  octohedrnti 

witli  a  rhombic  base.    It  may  be  ol>tained  artificially  by  allowing 

'  ition  of  sulphur,  in  chloride  of  sulphur,  or  in  bisulphide  of 

.  to  evaporate  spontaneously.     It  is  semitransparent,  of  an 

aiiiiK^r  yellow  colour,  and  has  a  density  of  2'05.      Its  crystals. 

(inderjro  no  change  in  the  air :  they  fuse  at  239°  F. 

The  second  variety  is  obtained  l>y  melting  a  few  ponnds  of 
sulplinr,  and  allowitig  it  to  solidity  on  the  surlace;  if  the  crust  be 
pierced  with  a  hot  wire,  the  still  fluid  portion  may  be  poured  off, 
»n<l  the  solid  ma>^s  beneath  will  be  found  to  be  Imed  with  trans- 
|i»n»iit  browni.-ih-yellow  needlas,  belonging  to  the  oblique  pris- 
''riii;  tlicse  have  a  specific  gravity  considerably  less  than 
iiid  sulphur,  viz.  1"98,  the  density  of  ordinary  roll  sulphur. 
Acoiniiiig  ti»  IJrodie,  it  melts  at  248°.  This  form  is  not  penna- 
nein  in  the  air:  in  a  few  days,  or  (if  the  surface  of  the  cr^'stals 
be  MTari-hed )  in  a  few  hours,  the  transparency  disappears,  an«l 
sltliiiugh  to  the  eye  the  crystals  retain  their  prismatjc  outline,, 
tliev  |i>*e  their  coherence,  and  an  opaque  crumbling  mass  is  pnv 
duoed,  cf»n.^isting  of  minute  rhombic  octohedra.  On  the  otlier 
li»nil,  if  jin  octohedron  of  sulphur  be  placed  in  a  liquid,  the  teui- 
}»erxtiirG  of  which  is  slowly  raised  to  a  point  between  220°  and 
JWO",  it  lo^es  it*  transparency,  owing  to  the  formation  of  pn.-*- 
tic  crystals. 

'Mitscherlich  has  ascertained  that  in  the  passage  of  the 
JTi^iiiatle  into  the  oetohedral  form,  an  amount  of  heat  is  emitted 
wliicli  would  raise  the  temperature  of  an  equal  weight  of  water 
liifi"  !•'.  This  conversion  of  the  prismatic  into  the  ottohcdnd 
ety  nisv  be  effected  suddenly,  by  immersing  the  prisms  in  a 
[tion  »»f  bisulphide  of  carbon,  even  wlien  this  solvent  is  already 
ed  wit))  snlpiinr  (An».  de  CAimte,  III.  xlvi.  124). 
Iff 
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The  third  vaiiety  is  even  iuhit  remarkable  than  the  proctnlmg] 
foi'ras :  it  is  [jrudut'ed  by  the  iii'titui  of  a  still  higher  teinjterature.] 
The  influepee  of  heat  upon  s^uljilnir  is  indeed  very  peculiar.     Itj 
begins  to  melt  ftt  about  230°,  and  between  250°  and  28U°  it  fonuaj 
a  yellow,  trflnsjuirent,  and  tolerably  limpid  liquid :  aa  the  tem-J 
peratiire  rises,  tlie  colour  deepens,  it  beeomes  brown,  aijd  at  hst\ 
uearly  black  and  opaque.     At  350"  these  changes  are  very  de- 
cided; it  gradually  becomes  more  atid  more  viscid;  the  tempera- 
ture at  this  puint  tor  a  white  becomes  stationary,  notwitlistanding^i 
continued  aceesisiuns  of  heat  from  without,  so  that  heat  is  beeom- 
ing  latent,  as  in  the  analogous  i;fu?e  of  the  melting  of  ico.     AtTter 
a  while,  if  the  ftjipli^atioii  of  heat  be  steadily  continued,  the  tem- 
perature again  rises,  and  when  it  baa  attained  to  nearly  b<Mf  the 
sulphur  once  more  liquefies,  tlioudi  it  never  becomes  as  fluid  a& 
at  the  temperature  of  240°  when  first  melted.     If  it  be  now  sud- 
denly cooled  by  jjouriiig  it  in  a  slender  stream  into  eold  water,  a 
•soft,  tenacious  mass  is  pi-oduced,  which  may  be  drawn  out  into 
■elastic  threads.     The  colour  of  the  cooled  threads  varies  from  a 
pale  amber  to  a  deep  brown,  beeoniiug  darker  in  proportitin  to  the 
elevation  of  temperature  which  it  has  experienced.     Magnus  has 
shown  {Pogyeiidmifs  Anntd..  .xeii.  308)  that  this  deepening  in 
•colour  of  the  melted  sulpliur  is  due  to  the  formation  uf  anotlitr 
modification  uf  sulplmr,  which  is  black;  the  more  frequently  the 
sulphur  is  heated  up  to  aljout  G0)>'',  and  then  suddenly  cooleti,  the 
larger  is  the  quantity  of  this  black  sulphur  which  is  formed ;  the 
details  of  the  process  required  for  insulating  it  are  given  at  length 
in  the  memoir  above  referred  to,     A  red  variety  of  sulphur  was 
also  obtained  by  Magnus,  which  Mitscherlich  proved  to  be  pro- 
duced only  when  a  minute  quantity  of  some  fatty  body  was  present. 
Ductile  sulphur  has  a  sp.  gr.  of  only  1-957.     In  a  i'ew  hours  it 
becomes  yellow  and  opaque,  and  returns  to  the  brittle  fonii,  giving 
out  again  the  heat  which  it  had  absorbed  ;  it  also  inorcajses  in 
density,  the  greater  part  of  it  assuming  the  octohedral  form.     If 
this  ductile  pulphiir  tie  heated  to  212^,  it  suddenly  returns  to  the 
brittle  condition,  tlie  tcmperjiture  rising  to  230°  during  tlie  change. 

(408)  According  to  Berthelot  {Aim.  de  Vhtmie,  111.  xlix.  435J 
there  are  among  ttie  various  moditications  of  which  sulphur  is  sus- 
ceptible, two  principal  forms  which  are  more  stable  than  the  rest. 
These  are  the  odo/i^'dral,  or,  as  he  teniis  it,  the  ele^Vimftjath'e 
variety,  the  mof^t  pemianent  condition  of  sulphur,  and  a  pnlveni- 
lent,  or  eUctrojMMiitm  fonn,  which  is  insoluble  in  bisulphide  of 
carbon. 

In  the  so-called  electronegative  or  octohedral  cjjndition  it  ia 
soluble  in  bisulphide  of  carbon.  This  variety  is  deposited  at  tlie 
|>ositive  electrode  of  the  voltaic  battery  during  the  electrolysis  of 
nn  aqueous  6ohitii>n  of  sulphuretted  hydrogen.  To  this  variety 
the  prismatic  form,  and  the  white  precipitate  obtained  from  the 
alkaline  polyj^ulphides  by  the  addition  of  an  acid,  also  belong.  It 
is  this  form  which  is  always  deposited  ft'om  cold  solutions  of  sul- 
phur, whether  the  solvent  be  alcoholj  benzol,  bisulphide  of  cai 
or  chloride  of  sulphur. 
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T}ie  electrojK«itive  condition  is  obtained  when  snlnhnr  is  sepa- 

TJitttl  fritin  itji.  comliinations  with  elunionU  which;  like  oxygen, 

l>n»niine.  and  clilorinc,  are  more  ok'ctroriej^alive  than  suljilinr 

itself.     The  most  stable  variety  is  that  obtained  by  treating  flowere 

of  sulphur  tint  with  bisulphide  i>f  carl)on,  then  with  alcohol,  and 

then  »se<?ond  time  with  the  bisulphide  ;  it  igsomewiiat  lessfitable 

when  procured  trom  the  chloride  of  Hulphur  by  decomposing  it 

with  water ;  if  the  precipitate  thus  occasioned  be  purifie<l   by 

dige:»tion  in  bisulphide  of  carbon,  a  yellow,  or  oranfre-yellow, 

MMoqiliMns  powder  is  pnK'ured,     This  amorphous  suljihur  is  iiineh 

TOf>re  readily  oxidized  when  heated  with  nitric  acid  tnan  the  crys- 

tallim?  nnxiitication.     If  maintuiiied  at   230°   for  some  time,  it 

<;TH<liially  psisses  into  the  octidiedral  modification,  evolving  heat 

<liiriu^  the  chanjje.     If  amorphous  sulphur  be  heated  to  572  ,  then 

anffered  to  eool  very  slowly,  and  .submitted  to  2  or  3  successive 

•-'i^'iivitions  at  a  low  temperature,  it  becomes  converted  into  tlie 

iiepitive  condition,  and  is  rendered  entirely  solulde  in  bi- 

'lUjipuie  of  cai'bon.     The  eleetrojxisiti  ve  variety  may  also  l)e  slowly 

f'liivirtfd  into  the  clcctrotiejrative  furm  by  cuutact  with  certain 

lositive  sulistances,  as  bj-  dijrestion   for  some  dajs  in  a 

11  of  liquid  ammonia,  in  one  of  suhdiide  of  sodium,  or  in 

one  of  acid  sulphite  of  jxttassiutn,  in  which  esise  a  portion  uf  the 

euJphur  bettomes  dissolved,  and  the  reinaiuder  id  rendered  snluble 

in  Lisuljihide  of  carbon.     Electropositive  sulphur  is  deposited  at 

ilie  ueifntive  electrode  of  the  battery  during  the  electrolysis  of 

wilphurons  or  sulphuric  acid.     Other  modifications  of  the  insolu- 

lili"  fjnu  of  sulplnir,  which   pass  with  <,'reater  facility  than  the 

fiin?piinp  one  into  the  soluble  variety  (for  example,  by  exposure 

t'l  Hi''  for  some  Imurs),  may  be  obtained  by  dccdiniidsinf^  the 

•AiiJizod  compounds  of  sulphur,  such  as   the  hj'posulphites.  bv 

•cidii.    The  black  eulphur  ol  Magnus  is  also  insoluble  in  bisulphide 

ofc&rhon. 

Cr\'6talline  sul[)hur,  of  either  the  octohedral  or  the  prismatic 
fi'ttn,  IS  8<iluble  in  about  3  times  it^  weii;;ht  of  bisulphi<1e  of  car- 
W:  it  is  also  freely  dissolved  by  the  chloride  of  sulphur;  by 
■.Mcouii  evaporation  of  these  licpiids,  the  sulphur  is  left  in 
Ira.  Benzol  is  also  an  excellent  solvent  for  sulphur,  espe- 
dailv  when  heated,  Bollini;  oil  of  turpentine  likewise  dissolves 
liulpliiir  freely,  and  retains  I'S  per  cent,  of  i^on  cooliiij;:  a^  the 
liqiiitl  c«x>ls,  the  sulphur  crystallizes,  first  in  the  prismatic  form, 
nftiMwards,  as  tlie  temperature  continues  tu  fall,  octohedra  are 
jiriMluced.  Vitre<MH  sulphur  is  but  part  tally  soluble  in  bisulphide 
ol  carbon ;  and  af>er  it  has  lost  its  vitreous  and  tenacious  char- 
K'UiT  bv  exposure  to  the  air,  it  is  not  wholly  chan^fcfl  into  the 
trv'talline  form  of  sulphur,  for  when  treated  with  l)isul[thido  of 
atrWrn  A  pale  bufi-colourcd  powder  of  sp,  ^r.  1  ■lt55  is  left ;  it 
Way,  by  fusion,  be  reconverted  into  ordiiiiiry  sul{)hur,  soluble  in 
MsiUjihide  of  carbon.  If  vitreous  sulphur  be  left  in  contact  for 
341ioars  with  an  aqueous  solution  of  sulphuretted  hydrogen,  it  ia 
elwiiied  into  the  }xiunr]>]iou.^  form. 
J2I  tlie  rurietiea  of  sulphur  are  soluble  to  a  small  extexvl  \w 
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T»oiling  aiihj'drons  alcohol,  tlie  olectropc*itive  varieties  bccomfng 
nioditied  as  tlit-y  arti  dissolved  :  the  not  solution  as  it  cooIp  <k'- 
posits  minute  tiniir^parent  prismatic  crystals  of  the  electroue^r 
variety.  Chloraforra  and  ether  dissolve  sulphur  less  fi-eely 
alcohol. 

Wlien  sulphur  is  distilled  in  small  quantities,  and  received  int 
vessels  in  which  the  teniperHture  is  not  consideraldy  reduced,  tl 
snlphur  is  condensed  in  red  drops,  which  remain  liquid  for  manj 
hours.  Sulphur  i.s  al^o  freqnontlj'  lil>erated  in  the  ductile  t<»no_ 
from  the  native  sulphides  oi  the  metals  during  their  solutiuu  io 
aijiin  re(pa^  and  from  the  hviJosulphites  when  decomposed  hy  con 
ccntrated  hydrocliloric  acid.  When  nitric  acid  is  oaed,  tlie 
phnr  is  separated  iu  solid  flocculi. 

(40ft)   (Compounds  of  SrLPHnt  with  Oxtoen. — ^Two  ojd^ 
only  of  sulpliur  are  known  in  the  anhydrous  state,  viz : — 

If ol.  wt.  MoL  Tol.  Sulphar.   OxfiKa. 


8«]phni»u«  anhydride.  &©,= 64    I    I       60-00  + 
Sulphuric  anliy  dride  ...  SO, =80    L^  40  00  + 


50  00  =  100 
60-00  =  100 


Sulphur,  however,  forms  nnmerrtns  oxidized  acid  compounds  :  t'* 
of  them  (sulpluirous  acid  and  f*nlpiiuric  acid)  have  been  Ion 
known  rtnd  employed  tin  a  liirjre  scale  in  the  arts;  the  otherB 
less  inqinrtant,  imd  iif  compunitively  recent  discovery.  Some  i 
these  acids  of  suliilturare  interesting,  inasmuch  as  thoy  oxhihit 
coinl)ining  ratio  ditterent  from  any  which  we  have  as  yet  cons 
dered,  and  they  show  the  application  of  the  law  of  muftiple  pr 
portions  to  the  case  of  the  sulphur,  as  well  as  to  that  of  the  os 
gen  wliich  they  coritain. 

The  followinti;  tiiMe  exhihits  the  composition  of  the  varinj 
oxyacids  of  siilplmr,  the  existence  of  which  is  at  present  kno\ 
The  five  comiioimd?*  which  stand  la.^t  on  the  list  are  often  spoke 
of  as  eonstitutin*;  the  pohjthionic  series  (from  »oXu,  manv,  4rii 
Butphur),  in  allusion  to  the  multiple  proportion  in  which  tlie  fit 
phur  entei-s  their  composition. 

Sulphurous  acid HjSO,  =    83 

Sulphuric  acid H,&f)«  =    98 

nyposulpJjurous  udd H,S,H,©,  =  133 

Dithiotiic                 "  H,S,0,  =  162 

Trilhionio                 "  H,8.e,  =  194 

Tetrothionio             " H.Si©,  =  226 

Pentathiouio            " H,StO«  =  268 

"We  will  examine  first  the  snli>lutrnup  acid,  then  the  sulphuric 
acid,  and  will  pjusa  slightly  over  the  otiier  acids,  the  compounds 
of  which,  with  the  exception  of  some  of  the  hj-posulphites,  have 
as  yet  received  no  practical  applications. 

(410)Sci>PHUKon8  Anhypride,  or.?M//)AMro?Wj4.<»J  :  SO, =04; 
Ifol.  Vol.  VT\  (or  SO,=32) ;  Thmretiv  Su.  Gr.  of  Ga^,  2-2112; 
Observed,  2-247;  of  Liquid,  1-38,  at  60*;  Melilruj-pt.—lOh"  ; 
Jioiling-pt.,  \Z\)  (Ilepnault ;  14°  Faraday). — Sulphur  burns  in 
oxygen  with  a  lilac-coloured  flame,  and  produces  a  permanent  gas ; 
afief  the  combustion  has  termmated,  wid  tl\c  gaa\ifta  Vxi«i\\  allow 
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to  rciraiu  its  origuial  temperature,  the  bulk  of  the  gaseous  producti 
is  fuuud  to  be  tlie  same  its  before  the  experiment,  but  tlie  density 
of  the  ga*  is  doubled.  This  experiment  furnishes  an  enj^y  jiroof 
of  the  composition  of  the  gas ;  for  it  i^5  tlms  shown  to  contain  etpiiil 
weights  of  sulphur  ajid  oxygen.  Sulphurous  anhydride  is  the  bola 
product,  if  the  oxygen  be  lirv. 

The  composition  of  6ul[»hurou3  unliydride  may  be  represented 
in  the  following  way : 


Sulphur B 

0J7g«a e, 

SnlpharouB )  q^ 
aaliydride  J****' 


By  weluhL 
32      or      50 
32  50 


By  Tolume.  B'p.  it. 

1      or     0-5     =     MO.'ie 
3  1-0     =     11066 


64 


100     3 


10     =     2-3112 


Pn>pertU«. — This  gas  has  a  pungent  enffiwating  odour,  like 
that  of  burning  sulphur,  and  in  a  coniieiUrated  form  it  is  quite 
irrespimble ;  bat  if  breathed  in  a  diluted  form  it  produces  the 
FvrapUjnis  of  ordinary  catarrh.  It  is  not  LnJlaniinable,  but  quickly 
extiiiguifthe*  the  tlame  of  burning  bodies.  Sul})huroua  anhydride 
combine*  with  water  iinine<liatel3-,  and  beci^mes  converte<l  into 
ttdphurous  acid,  II,lsO,.  This  compound  htis  never  been  isolated 
ia  a  pure  state,  and  a  very  gentle  heat  is  sutficieut  to  occasion 
the  decomposition  of  it*  solution  into  tiie  anhydride  and  water. 
The  liquid  has  a  taste  and  smell  similar  to  that  of  tiie  g<vs ;  the 
Nilutiori  gradually  absorbs  oxygen  from  the  air,  and  becomes  ci in- 
verted intu  sulphuric  acid,  A  crystalline  hydrate  of  snlpltumus 
acid  (SO,,  1.5  ll,0;  Schonfield) ;  or  (SO,.9  ll,0,  Pierre)  may  al-Mj 
beubtftiiied  at  a  low  teraperatnre ;  at  i^f  this  hydrate  melts  and 
iii  dt'Cumposed.  Water,  according  to  Buusen,  takes  up,  at  M:i% 
68'8  times  its  bulk  of  the  gas ;  43"5  times  its  bulk  at  59"  ;  and  32 
at  75°.  Owing  to  the  solubility  of  sulphurous  anhydride  in 
water,  the  gas  mn.st  always  be  collected  either  over  mercury,  or 
in  dry  bottles  by  displacement :  fruin  the  high  density  of  the  gas 
(double  that  of  oxygen),  the  latter  method  is  easily  applied. 

Preparation. — 1.  When  re(piired  in  a  pure  state  sulphurous 
anhydride  is  always  prepared  by  depriving  oil  of  vitriol  of  part 
of  its  oxygen.  In  order  to  effect  this,  two  or  three  ounces  of 
Boiphurio  acid  in  a  concentrated  form  may  be  Ixtiled  in  a  glass 
retort  ujKm  half  an  ounce  of  copper  clippings  or  of  mercury. 
Tlie  re;iction  in  the  case  of  copper  may  be  seen  in  the  following 
etjuution : — 

Palph.  Snlfihnmni 

Balphnrlc  iteld.  cupper.  luikjrdriiie.  Wster. 

eu  +  2  H,se,  =  euse,  +  se,  +  2  H,e. 

The  g»o  must  be  washed  by  allowing  it  to  bubble  up  through 
a  iMjttle  Containing  a  small  quantity  of  water,  whicli  rctaiiit*  sul- 
phuric acid  and  any  impurities  which  might  be  uiechauically 
susjtended  in  the  gas.* 

*  A.onordinfc  to  Uaumen^  a  certain  quantity  of  the  sabaulphide  of  copper, 
^A  i«  (Iso  produced  durin/?  thin  operatioo,  atler  which  a  mixturo  of  euVphidu  and 
oijauJpJjMM  o^  coftper  is  siso  formed. 
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2. — Sulphuric  acid  may  be  more  ecouomicftllj  dcx^xiclized 
means  of  charcoal  or  dry  sawdust,  but  the  gas  iu  this  case 
aecouipaiiied   by   one-half  its    volume   of   carbonic    anhvdrid«»^ 
B  +  2  lI.SO,  =  '2Se,4-  eO,  +  2  ll.O.     For  niu8t  ])Uri>ut.e>,  liuw- 
ever,  such  iis  the  preparation  of  the  alkaline  Bulphitcs,  the  pp 
Bence  of  cHrhnnip,  aniiydride  is  unimportant, 

3.— Sul[>iiuri»us  anhydride  nuiy  also  be  jirocured  readily  by 
process  of  uxidiitinn :    for   example,  by  heatinj;  in    a   tia^k 
intimate  mixture  of  4  parts  of  flowers  of  sulphur  and  5  of  tinolv 
jxiwdered    peroxide   of    manganese,   sulphurDUS    anliydride   aniii 
8ulplii<le  of  manganose  are  pnaluced:  S,  4-  MiiO,  =  tsO, -}- MriSj 
A  result  somewhat  similar  is  obtained  by  heating  a  mixture  of 

()arts  of  black  oxide  of  copper  with  1  part  of  sulphur;  2<ruO+S^J 
)ecoming  Bnjy  +  SO,.    • 

Suliiiiurous  anhydride  is  emitted  abundantly  from  the  crat€ 
of  volcanoes,  and  it  is  Occasionally  met  with  in  Bolution  in 
springs  of  volcanic  districts. 

Sulphurous  aidiydride,  by  transmission  through  a  tube  suM 
rounded  by  a  mixture  of  ice  and  salt,  may  be  condensed  to  in 
coliiurlcss,  transparent,  liiii]>id  liquid,  whicli  dissolves  bitumep;it| 
freezes  at  —105°,  forming  a  trunsTmrent,  colourless,  erystallinol 
solid,  heavier  than  tlie  liquid  ;  in  closed  tubes,  at  60°  it  exerts  a' 
pressure  of  2 '54  atinosplieres.    Fig.  302  shows  a  method  of  liqne- 

Fio.  302. 


PlO.  303. 


<^ 


fying  sulphurous  anhydride.  The  gag  is  generated  in  the  flask 
A.  washed  and  dried  by  means  of  concentrated  8uli>liuric  acifl 
placed  ia  the  bottle,  b,  transmitted  through  tke  ^v?tec  vrorm.^  ( 
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nef^»  RurrouiHlwl  by  a  freezinir  mixtur©  of  ire  and  ealt,  atnl 
oHected  in  llie  receiver,  n,  wliicli  is  als<i  crmled  by  a  freezing 
lutturo ;  the  liquc'tic*!  conijHjiind  i&  stored  iij*  for  ustj  in  sniiill 
ol>f«,  one  r»f  which  is  s.ln«wn  at  e,  fig,  303;  the  tube  having  been 
^ed  ill  the  freezing  mixture,  the  add  is  poured  into  it  thnnijjh 
I  small  tube  funnel,  and  the  liquid  is  preserved  by  drawiiij^  olf 
md  ««Hling  tl>e  rube  at  the  narrow  portion  in  the  flame  of 
lie  blowpipe,  whilst  the  receiver  still  remains  in  the  freezinj{ 
Biiiture. 

iU«f4, — Suljihurous  acid  poeseAses  con>i<lerable  bleaching  pow- 
laiid  is  extensively  employed  in  bleaching  straw  and  wool,  as 
*  as  flilken  fjcMxis,  isinglass,  sponge,  and  other  articles  which 
Id  be  injured  by  chlorine.  The  articli»8  to  be  bleached  are 
6tene<l,  and  suspended  in  closed  ehaniljers  in  which  sulphur 
Brncd  in  an  open  dish  ;  the  sulphurous  aidiydride  is  absorbed 
[\hv  damp  goods,  and  their  colour  if.  discharged.  The  acid 
ears  to  m't  by  forming  colourless  cumjtounds  with  certain 
curing  matters.  It  does  n<jt,  like  chlorine,  deC(>mpose  the 
iring  matter:  for  the  sulphurous  aei<l  may  either  be  expelled 
*tronu:er  acid,  or  it  may  be  neutralized  by  an  alkali,  and  the 
ir  will  l>e  restored :  the  reproduction  of  the  yellow  colour 
Bfvr  flannel,  when  it  is  washed  with  an  alkaline  eoap  for  the 
tirsr  time,  atfords  a  practical  illustration  of  the  effect  of  an  alkali 
U|»n  goods  which  have  been  bleached  by  suljthurous  acid, 
Sul]i]iur<ius  acid  is  also  highly  valuable  as  a  disinfecting  agent. 
Ilia  a  p<twerful  antiseptic.  Meat  which  has  been  exposed  to  thu 
Wtiuu  of  the  g)is,  and  then  sealed  uj)  in  metallic  canistei's  tilled 
viitli  uitrogen  to  which  a  little  nitric  oxide  has  been  added  to  re- 
jFe  the  last  traces  of  oxygen,  may  be  jtreserved  fresh  for  years 
Indfi). 

[It  is,  however,  principally  as  a  ]>reliiniuary  step  in  the  mruiu- 
«re  of  oil  of  vitriol  that  Bijl|ihurous  anhydride  is  made  upi»n 
Be  large  scale,  and  in  this  case  it  is  always  obtained  by  burning 
sillpiiur,  or  a  metallic  sulphide,  in  air. 

^  (411)  Siiljifiitvs. — iSuIphurous  ac-id  is  a   weak  dibasic  acid. 

^Vitii  the  .tlkalies   it  forms  two  kinds  of  salts,  one  of  which  is 

rourisetitcd  by  the  ordinary  sulphite  of  sodium  (Na,SO„  7  II,0), 

lie  the  other  class  is  represented  bv  the  acid  sulphite  of  ]»otas- 

m  (KlISB,),  often  called  the  bisulphite.     The  sulphites  of  the 

iiie  metals  are  the  only  ones  which  are  freely   solulile   in 

Hit;  but   th<ise  of  barium,  strontium,   and   calcium,   are  dis- 

~SIvwl  to  some  extent  by  an  a<jueous  solution  of  sulphutuns  acid. 

Tlio  foUowiug  table  shows  the  com]»osition  of  some  of  the 

enlphitcrf : — 

0«Deral  romml^ 

AcitL.... H,t^», 

Normal  aolt MjSO, 

Acid  «alt. , ]IM.Sf>, 

Doiiblu  salL MMtjO, 

Sulphite  of  )»tjisiiium K  f^i 

Acid  sulphite  ot'potnsjiiuni KHSOj 

fulpliiU'  of  sodium , Na,Si^,,  1  HjO 
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Acid  snJphit*  nf  undiuni. .  NaHSO,,  4  II ,0 

Sulphite  of  cnkium .   ♦'nlvf), 

Sulphite  of  barium , '    >f», 

8u!phite  of  nufriicHiam >H, 

Sulphite  orieail .   i  ;..sO, 

BnlphiteprsUver..^..«...i... .  AgiSQ* 

Many  of  the  suliiliites  are  deennrposod  by  a  strong  Iwat.  tin 
Rcid  iK'ing  gradurtllv  expelled.     They  arw  alno  dei*onijM»!^:'d  h\ 
fiiil])hurif  or  liy  liydnx-hiorie  acid,  with  exfricatioii  of  i^nl|>hnroni 
acid,  whieh  in  kiiowii  hy  its  jjoiidiar  and  piiri^j-cut  odi>nr.     TUi 
best  test  for  detectiiiij  small  tniceii  ot'  srdphittM  cuiir'ints  in  th« 
addition  of  a  fniirment  rifziiK-  and  a  droii  or  two  of  Iiydn>chlori< 
acid  to  the  solution  ;  tliosul|>linrou>aoid  is  deoxidize<I,  tlieHnlpliur 
combines  with  hydrogen,  and  stdphurctted  hydroiren  iwgiveji  off  J 
tiie  pa*  liwt  named  may  be  deteeted  in'  snt;]>ending  a  piece  off 
]>a])ur  moisteneil  with  a  tk)lntion  of  acetate  of  lead,  in  the  uitjifr 
part  of  the  vetwel,  whieh  Bhould  be  closed  by  a  gh^fW  plate.     Salta 
of  hilver  in  solntion  give  a  white  pix-cipitate  M'ith  solutions  of  th« 
Kohilile  ftiilfthitesi ;  the  preeij»itate  i.s  -^duble  iu  exeet«  t)f  the  Mil- j 
pliiti',   and   it   is  jiaiiially  rediieed  to  metallic  silver  when  tht 
li«jii!<l  is  boiled:  a  ch.iraeteristie  reaction  is  the  formation  witlil 
ebloride  of  bariinn  of  a  white  preeij)itate  of  6id|>hite  of  barium^ 
which  ift  polidile  in  hydroehloric  aeid,  bnt  the  solntion  thus  o\ 
tained  gives  a  white  preeipitate  of  snlphnte  of  barintn  on  the  ad*] 
dition  of  a  solution  of  ehlorine.  of  iodine,  or  i>f  iileacliijig  powder.! 
The   sulphites,  when    moist,   altsorb  o.xygen  from  the  jiir;  auc" 
Btdntioiis  of  these  salt.s  are  often  iif-ed  i»s  deoxidizittg  agents :  fot 
exanijile,  the  ferric  salts  are  re«lHced  by  them  to   ferrous  »«lls.i 
Gold,  scleninm,  and  tellnrinm,  are  precipitated  by  them,  froir 
solntione  containing  excess  of  liydnK'hlorie  aeid,  in  the  reduced  or 
■netallic  fitnn  ;  arsenic  acid   is  reduced    to   aivenions   aeid,  and] 
jhromic  acid  to  a  irreen  &itlt  of  chnnniuni. 

Sulphurous  aci<l  dis.s<ilvcs  and  is  decomposed   by  the  mctaltj 
which,  like  zinc,  iron,  tin,  and  cadininni,  evolve  hydrogen  witU 
hydroehloric  acid.     Inm,  for  exiunple,  i?  rapidly  disttolvcd  by  sul-j 
phnrous  acid  if  liented  with  its  solution,  sidpliite  ami  hy]>otf>ul-| 
phite  of  iron  being  formed,  whilst  the  hy]><l«i^l]^ll^t(^  is  k^peiNlilj 
resolved  into  sulphide  and  tetrathionate  of  the  metal,  and  tlie 
tetrathionate  in  it*  turn  is  converted  into  sulphate  "f  irtin  ant' 
free  eulphur,  and  sulphurous  aeid,  us  is  reprcsentCMl  in  the  annexe 
equations : — 

MphnrMia  H^pmnlplilc*  of         6u)t>)ilMcf 

uld.  trail.  Iron. 

2  Fe    +    3  lI,SO,  =  Ss^UA  +  FeSO.  +  2  H,e, 

Hy|Mym:|>}ill«  of  &itti»MiK>        TrlrnttdmilD  8iil»hh«<  of 

trm.  o/lroA  uf  Ircwi.  Imn, 

and  3  FeS,II,e.  =    FeS  -f-  FetJ.O,  +  FeSG^  4-  3  II.O^ 

whilst  further,  FeS.O,  =  FeSO,  +  «M^,  -f  8,. 

TJjo  sulj'hiteii  are  readil v  fuiiued  by  Lraii  a  eLrouu  i 
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iTpTiiiMns  Hci<l  thruugli  water  in  which  the  oxide  or  thi-  (.mtIk)- 
'i>l'  (he  metal  is  ditiijolved  or  Bii&peuded,  the  carhonatos  being 
onj|K)6»Hl  witli  etierveseenee. 

(il2)  ScLPUL-Kic  Acid  Ur,Se.=98,  or  II0,S(>,=41>).— This 

abetarice,  wliit-h  constitutes  one  of  the  most  important  prctduuts 

'fhemioftl  mannfacture,  is  made  in  enormous  qnuntities.     In 

<?at  Britain   alone  niiwardn  vf  HK>,<iO()  tons  are  iiiininilly  con- 

rtieA     The   aeid  is  iXM-a-sioiuilly   met  with    uiieomliiiied  -wnth 

5  in  tliennal  sspringii,  [lartienhirl y  iu  those  of  vcdennii^  regions. 

nidide.  when  unite<l  with  caieiiun,  barium,  inii^ne^iuin,  and 

UL'  otiier  metals,  forms  an  abundant  eonstitueut  ot  the  crust  of 

1  earth. 

PrvjHtration. — Wlien  8uli>linr  is  boiled  in  aqua  rty/i'a,  or  in 
DncL'iitrated  nitric  acid,  it  is  gradually  oxidizeti  and  converted 
lto>ul[<huric  aeid  ;  but  thii?  meth(xi  is  never  enqiloved,  excepting 
■  experimei»tal  purjMjses  in  the  laboratory.  Oil  the  large  scale 
is*  made  by  a  process  first  employed  by  Roebuck,  nlxmt  the 
ear  174H,  since  which  neriod  the  mode  of  conducting  it  has 
ndei^oiie  several  luodihcations  and  improvementu,  tliough  in 
"neijjle  it  continnes  to  be  the  same. 

The  changes  which  occur  in  the  process  are  remarkable  and 
Btnictive.  It  has  been  alreaily  ujentioued,  that  wlien  sulphur 
burnefl  in  air  or  in  oxygen,  the  pnnbict  is  sulphurous  anhy- 
riilr-;  this  gas,  if  made  to  c.<itubiiie  with  half  as  uiueh  oxygen 
fiiin  as  it  already  contains,  is  converted  int(»  sul))liurie  anhydride, 
pirect  anion,  however,  cannot  be  produce<l  between  the  two 
the  intervention  of  some  third  substance  bec^nnes  neces- 
e&r}-;  and  if  water  be  presented  to  them,  a  very  gradual  com- 
binatioa  occurs.  If  pure  and  dry  oxygen,  mixed  witii  twice  its 
liiilk  of  BnI]>hnrous  aidiydride,  be  transmitted  over  spongy  plati- 
num (t!'n  heated  in  a  tube,  the  two  gases  combine,  and  siilphurie 
ftnhydride  (SB,)  is  produced.  Woliler  has  alst)  nliserved,  that  the 
twogose*  unite  rapidly  when  transmitted  through  a  tube  heated 
to  incipient  redness,  and  containing  a  mixture  of  ••xide  of  copper 
pd  ses<]uiiixide  of  chromium,  obtained  by  precijntation. 

The  following  table  represents  tlie  compo^itiou  of  sulphui'ia 
acid: — 


Anhvdrlde. 

Sniphnr ft    =  :i2  or    40 

Oxygen O,  =^  48         80 


Solpburic       ) 
auhytlriJc  ) 


-Se,  =  80  or  100 


on  of  Vltri-.!. 
8    —    32  or  32-«5 
«,  =    64       65-31 
H,  =      2         204 


H.Se,  =    98     100-00 


If  sulphurouB  anhydride  mixed  with  oxygen  in  a  moist  state 
presented  to  nitric  oxide,  or  to  any  other  of  the  higlier  oxides 
of  nitrogen,  the  combination  may  lie  etl'ected  with  great  rapidity  ; 
furtlier,  a  small  yirojioition  of  the  oxide  of  nitrogen  will 
_  ice  to  effect  the  combination  of  an  nhnost  iiuk-liuile  amount  of 
Fuljphiirous  anhydride  an<l  oxygen,  if  water  be  also  present.  I'pon 
^ese  t'urtfi  the  process  employed  in  the  mainifaeture  of  sulphuric 
is  fouutieJ.     The  reaction  is  easily  watclied  upon.  l\ie  am«W 
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scale  by  tlie  following  means : — Into  a  large  three-necked  receiver, 
A,  tig.  304,  tilled  witli  atmospheric  air,  and  slightly  moistenod  ia 


Fia.  304. 


the  interior,  sulphurous  anhydride  from  the  retort,  b,  and  nitric 
oxide  from  tlie  liottle,  <\  are  made  to  jiass;  ruddy  fuiiieft  of  perox- 
ide of  nitr<)u;('ii  are  imrut'diutcly  fnriued  \ty  tlie  e<iii!il»itiation  of  the 
nitric  oxide  with  !itiiiio^]phorii;  oxygen,  an*!  in  a  few  minutes  tha 
inner  Rurface  of  the  receiver  becomes  coated  with  a  white  crystal- 
line deposit,  into  tlie  composition  of  which  sulphurous  aniiydrido, 
peroxide  of  nitrogen,  and  water  ent«r.  As  soon  as  this  crystalline 
mass  ia  treated  with  water,  it  is  decomposed  witli  brislv  cft'er- 
vescence;  NO, +  80,4-3:11,0,  yielding  jNO  +  IJ,SO.  +  ^-1  II,0 ; 
1  atom  of  nitric  oxide  eseapea,'and  1  atom  of  sulphnric  acid 
reninius  in  solutiou  ;  tlie  nitric  oxide,  by  again  absorbing  oxygen 
from  the  air,  is  reconverted  into  peroxide  of  nitrogen  ;  this  (x>m- 
bines  again  with  a  fretth  atom  of  rtul[»!iuroiis  anliyilride  in  theytru- 
Bcnce  of  a  small  quantity  of  water  ;  fresh  crystals  are  formed,  and 
these  in  their  turn  are  decomposed  by  sohition  as  befoi-e.  The 
nitric  oxide  is  thus  again  liberated,  and  may  go  througb  the  same  — 
round  of  compositions  and  decompositions,  till  the  whole  of  theB 
ox-ygen  in  the  air  has  been  consumed;  the  oxide  of  nitrogen  thus™ 
acts  the  part  of  a  carrier  of  oxygen  to  t!ic  siili>ljurous  anhydride. 
In  the  manufacture  of  sulplmric  acid  on  the  large  scale,  the  for- 
mation <if  the  crystalline  body  aJid  its  (k'stnietitiu  are  simulta- 
iieous,  if  the  operation  l>e  pro|peHy  condnt^ted,*  uo  that  no  depo- 
sition of  crystals  actually  occurs. 

*  The  true  compositioo  of  this  crystdlUne  bod^  has  beon  the  'object  of  much  dis> 
eaaaioa  and  numerous  cx[X)rimcnt«l  iutiuirit'S.    IL  Ross  auUta  Umt  by  pafwinx  pur9<j 
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(413)  Til  the  manufacture  of  sulphuric  ackl,  suljihnruus  anliy- 

[dride  is  prcicui-ed  by  burtiitig  eitlior  sulpluir,  or  iruii  jiyritt-s  (,Pi-S,j ; 

provision  being  made  for  an  iil>umliint  supjily  of  fttuiosplioric  air 

to  die  burning  material.     The  treaeral  arrangt!meiit.s  adopted  in 

tlie  muiufacture  are  slio\vn  in  ng.  305.     a,  a,  represent  furnaces 


Fio.  306. 


i_.   r 


;/*;:*. 


\»¥  i'  V 


viAlivOvO  1\X^n4, 


in  whieli  the  sulphur  h  burned  :  in  the  current  of  li(?ate<l  gaa  an 
iron  pot,  b,  is  snspended.  which  bus  been  previously  charjred  with 
ll  mixture  of  nitrate  of  sodium  and  oil  of  vitriol.     Yapou>"s  of 
I  nitric  acid  are  thus  liberated  :  they  ijkss  on  with  the  sulphurous 
iinliydride,  by  suitable  Hues,  into  immense  chambers,  f,  k,  con- 
noted of  slieet  lead,  and  supported  by  a  strong  timber  frame- 

phrio  oiifle  into  a  frlnRB  vessel  fVora  whidi.  oxygen  is  cnrcfnUy  exclu(i««l,  and  the 
ihteriof  of  which  ia  moUlene;!  witti  anlpburic  nnhydride  (fit>D),  a  wliilf,  liard,  amor- 
toiu  »ubi!tnni3e  is  foniied ;  aud  this  ooiupouud  lie  rt'^anLs  us.iho  esscutial  constituent 
I  the  cmlalu  abovp  <Je9cribod.  It  fuaoa  ut  a  liigii  tempcraturo,  and  raay  Iw  sublimed 
Jithont  decomposition.  This  substance  Rose  considered  to  have  the  compoaitiou 
>a;  but  BriinioirhRs  sho^vn  tbnt  during  the  formiitioa  of  this  com^iouDd  buI- 
lilititi»  anhyilridc  ia  liborateiL  in  the  proportion  of  1  atom  for  every  2  Atoms  of 
'ric oxide  absorbed;  and  he  found  tlie  crystalline  compound  to  ha?e  a  coaiposttinD 
b'ch  mny  be  representod  by  the  formula  (Na*+3,  2  SO,).  Water  immBdint<iily  deuom- 
I  it,  litjeraling  nitric  oxide,  whilst  tlie  sniphuric  acid  is  dissolved.  If  the  anhy- 
crystiil.4  Ik!  exposed  to  the  air,  they  absorb  moisture  ond  omit  nitrous  fumes. 
iiled  sulphurieaoid  by  t^lO  aid  of  heat,  dissolves  them  in  all  projiortiond  with- 
^;  the  solution  (ry.slaUizes,  on  cooling,  in  rectangular  prisms,  which  appear 
wat*>r  of  crvwtullizjitiou. 
f03  of  vitriol  rapidly  absorbs  both  nitrous  anhydride  and  peroxide  of  nitrogen,  and 
I  a  tTyiUilline  compound  similar  to  ihe  foregoing;  the  addition  of  wat«r  imm&- 
ely  libem^:•s  red  fiimcs  of  ptjroxide  of  nitro'.;en  fVom  it 
There  an  ninny  other  methods  by  which  this  curious  sub.^tanae  maybe  obtninod, 
often  involve  very  coniplicutod  eonsideratioim.  De  la  Provostuve  procures 
I  action  of  liquid  sulphurous  unhydrido  on  liquid  peroxide  of  nitrogen;  ho 
it  when  anhydrous  to  consist  of  (SOjSOs,  2  Nt>i)  which  is  consistent  with 
I  «rinly<^ia  of  Branlng. 

Weltzien  found  that  sulphuric  acid  (H,S0()  oombinOT  directly  with  nitrous  anhy- 
(M,Oj)  in  proportions  fonninar  a  white  erystalliuo  mass,  which  may  Ije  repre- 
^ted  by  the  formula  (n,0.  2  SH,If]0,).     Acc->r<liug  to  the  same  cheraiat,  sulphuric 
forms  with  peroxide  of  nitrogen  a  white  eryslalliue  compound  fusible  at 
iieli,  even  when  the  peroxide  is  present  in  largi?  excess,  contain.'?  the  Iwc 
'^B  in  a  proportion  whicJi  mar  be  represented  by  the  formula  <2  11»©,  3  St)^ 


MODE   or  CONDESSfWO  THE  RTTHOCB  FtrXES. 

work.  TLese  cliambcrs  are  ofton  12  or  15  feot  high,  15  or  2C 
wide,  and  from  15(i  ti>  3(Mi  I'l'et  in  length;  they  arc  Hometimtsi 
partially  intersected  hy  inwunplete  traiit^verse  leaden  parlifinnSy 
mtei'iKiSC'd  in  the  enrrcnt  of  the  mixed  ira-^os,  with  a  view  ot'etfect- 
iiifj  their  more  intimate  iidniixtine.  Water  to  the  depth  of  2 
3  fnrlu'S  is  placed  upi>n  the  floor  of  theehandier,  rf.  rt',  to  condense 
the  aeiil ;  am!  the  niutiiid  reaetii»n  of  tlie  atniosplierie  oxvirea, 
Bulphiinms  an!iy<lri<le,  und  nitric  oxide  is  furtlior  facilitate<:l  hv 
the  injeeticin  of  titeani  at  a  jiressure  of  almut  10  Ih.  upon  the  incu 
hy  means  of  jets,  c,  <•,  r,  suji[dieiJ  frdiii  tlie-  huiler.  e.  The  nitric 
aeid  extricated  from  the  nitre  speedily  he^-omes  deoxidized  by  the 
sidpliurous  anhydride  to  the  state  of  nitric  oxide,  and  then  the, 
[•li!i)iij;o.s  already  pointeci  f>ut  ra]>i«llY  succeed  each  other,  and  6ul- 
pliuric  acid  i.s  forimd  in  hirire  (piantity. 

In  a  pri)i>erly  manaf;ed  ciiandter,  the  <rascs  which  pa?s  ofl'  bv 
the  exit  flue,  c,  c<>nsi;<t  only  of  nitrotien  and  nitric  oxide,  tlie  »nl- 
plninms  anhyilridc  and  t)xy<,'rn  hcin^  sup]ilicd  in  rpiantities  just 
Butiicient  to  cll'ect  their  naituul  ctiudensatiim,  frcgh  atnK>!f}>heric 
air  enterinij  at  the  other  end  nlontrwith  tlio.HuIpliurous  anhydride. 

Gay-LuKsac  has  taken  advaiitaict-  of  the  wjltdiility  of  nitric 
oxide  in  oil  of  vitriol,  to  eennoniize  the  consumption  of  nitre  in 
the  process,  which  u("m  tliec)l<l  jilan  aniount!^  to  fmm  one-ei'xhth  to 
one-twelfth  of  the  wcii:Iit  of  the  sulphur  cuusunicd.  Hy  the  con- 
trivance to  be  mentioned  iniuiediutely,  the  tjuantity  of  nitre  for- 
merly requisite  luis  been  reduced  by  one-half,  or  even  by  two- 
thirds.  The  improvement  cimsistm  in  conducting  the  spent  gasea 
into  a  leaden  tower  tilled  with  fragments  of  coke,  through  which 
a  stream  of  concentrated  sulphuric  acid  is  continually  trickling. 
The  ftci<l  thus  becomes  charged  with  the  nitrous  vapoui-s.  and  tluws  ' 
ott"  at  the  bottom  of  the  tower  to  a  reservoir  from  which  it  is  again 
raised  l>y  a  forcing-j)uiiip  to  the  top  of  a  second  similar  tower  at 
the  entrance  of  the  chamber,  where  it  is  deprived  of  the  nitrous 
compounds  by  the  sulpliurous  anhydride  as  it  eaters  from  the 
furnace. 

The  sulphuric  acid  which  collects  at  the  bottom  of  the  cham- 
ber* is  in  too  dilute  a  con<lition  for  sale :  it  is  not  found  advan- 
tageous to  allow  it  to  attain  a  greater  degree  of  concetitration  than 
I'CO  in  the  chambers,  since  beyond  this  it  becomes  liable  to  altsorb 
and  retain  the  nitrous  fumes.*  When  it  has  reached  a  specific 
gravity  of  alwut  I'tSO,  it  is  sufficiently  stnuig  for  the  maiintacture 
of  salt-cake,  but  it  requires  concentration  for  other  purjioses:  with 
this  view  it  is  drawn  oft'  and  evaporated  in  shallow  leaden  pans 
till  it  has  acquired  a  density  of  1-T20  ;  beyond  this  point  the  eon-  , 
centratioii  camiot  be  carrietl  in  these  vessels,  because  the  tempera- 
ture required  would  eudiuigcr  the  melting  of  tin;  loadeu  pan  Jind 
its  corrosion  by  the  acid.  This  acid  i>f  sp.  gr.  1  7'20  tbiiiis  the  bnnrn 
acid  of  commerce  ;  it  is  extensively  emj)loyed  in  the  manufacture 
of  acid  ji'hosphate  of  calcium  (supcr|fliosjihate  of  lime)  for  manures, 
and  for  other  coarse  purjioses.     When  re<iuired  in  a  still  luorej 

*  The  crn<1(>  acid  of  op.  gr.  1  '60  does  not  usually  coutoin  moro  than  0*6  per  oenl.  of 
aiuous ucid  (Mr,  Allbusen). 


RTJpentmted  fonn,  the  brown  acid  is  transferred  into  i;lass  retorts, 
br,  It  is  praeti^ed  in  many  wurkr.,  into  plntinnni  jstills  ;  tlit-  i)rc'sence 
ot'nitriniseoiniKmnds  luusst  be  jvvoided  when  platinum  is  employed, 
Wberwise  the  metal  is  tjradnally  corroded ;  in  these  it  is  again 
"irtlicT  heated  until  white  fumes  of  oil  of  vitri<d  i>a«w  over, 
"evoiid  this  i>oint  it  is  useless  to  carry  the  operation,  as  the  con- 
seniratcd  acid  distils  over.  Indeed  «lurinjr  the  whole  operation 
Eoiiie  aciii  passes  over  with  the  water,  which  i&  therelbre  preserved, 
iinil  returned  to  the  leaden  chamber. 

The  acid  that  remains  in  the  retort  atler  it  has  thus  l>eea 
boiled  down,  is  the  cont;entrated  oil  of  vitriol  of  conuuerce ;  it  ia 
iKletiuite  compound,*  consisting  of  ll,i^,. 

The  followinjj  table  gives  the  proportion  of  sulphuric  acid  con- 
tained in  i5t)lutit>ii6  of  the  densities  therein  mentioned  :f — 

Strengih  of  Sufj/hurtc  Acid  of  Different  Densities  at  60°  F.  ( Ure,) 


Sprafic 

Se.in 

1 

Specific 

m,  in 

H,se.. 

{  Spedfio 

se,  in 

n.8e.. 

piritT, 

100  pta. 

gTttvily. 

100   pt8. 

'  (H-svity. 

100  pts. 

I1H«0 

81-54 

100 

1-5503 

53-82 

66 

1.2334 

26-09 

32 

1S415 

79-«0 

98 

1-5280 

52-18 

64 

1-2184 

24-40 

30 

\-m^ 

78-23 

96 

1-5066 

5055 

6'i 

1".'032 

22-83 

28 

ims 

luos 

94 

1-4860 

48-92 

60 

1-1876 

21-30 

■i6 

vm\ 

7602 

92 

1-4660 

47-29 

68 

1-1706 

19-57 

24 

i-soto 

73-39 

90 

1-4460 

45-66 

56 

1-1549 

17-94 

22 

itsot 

71-75 

88 

1-4265 

4403 

64  • 

1-1410 

16-31 

20 

nij8 

70-12 

86 

1-4073 

42  40 

63 

1-1246 

14  68 

18 

V'thta 

e8--t9 

f-4 

1-38H4 

40-77 

50 

1-1090 

13-05 

16 

11316 

66'N6 

83 

1-3697 

3D-U 

48 

1-0953 

11-41 

14 

I'rogo 

65-23 

80 

1-3030 

37  51 

46 

1-0809 

9-78 

12 

I'MCO 

63 -GO 

78 

1-3346 

35-88 

44 

1-0682 

8-15 

10 

i-tm 

01  »7 

76 

1-3165 

34  25 

43 

1-0644 

662 

a 

I'MIS 

60-34 

74 

1-2999 

32-61 

40 

1-0406 

4-89 

6 

l-tUM 

6871 

72 

1-2826 

30-98 

38 

1-0268 

3-26 

4 

J-»7o 

67  08 

70 

1-2654 

29-35 

36 

1-0140 

1-6!! 

2 

15T60 

5S46 

68 

l-»490 

27-22 

»4 

1-0074 

0-816 

1 

■w-r 


{4U)  H,Se,  or  UO,SO„  often  called  ProtohydraU  ofSufjihuric 
Icul. — The  oil  of  vitriol  of  coinnioi-ce  forms  a  dense,  oily-looking, 

(Ann.  de  Chimie,  Ul.  xxxix.  189)  finds  tliat  it  always  oontaina  a 
wmter  bcTond  the  stornic  proportion  calculated  Iroai  the  rormula 
I ;  instead  of  18-36  per  oent.  or  wuCer,  he  always  obtained  19-62 ;  and  n  aimi- 
«<>eemtiou  wa»  made  by  Oay-Luttsac.  Playrair  atutes  tbal  if  the  concentration 
tlie  aciU  be  eRccted  by  a  totnperntiire  not  exceeding  500,  thetruo  compound 
iSft,  (»f  jip.  gr.  1-848  is  obtained;  but  if  heated  to  ebullition,  it  is  partially  docoui- 
4.4  ki  the  numner  etnled  by  De  Mnri(;nac. 

♦  Blueau  hns  more  recently  nuide  a  earcfuJ  determinatiOD  of  the  BtTen(?th  of  buI- 

ic  acid  of  differeut  densittM  {Ana.  tie  CMmie,  III.  xsiv.  341),  but  bis  resiilta 

h  liat  slightlr  Crom  those  of  Ure,  aa  may  be  seen  from  the  annexed  table  (temp. 

I-  f.y— 


,,1, 


ealourlc^  liquid,  without  smell,  and  of  epocifio  gravity  rS42, 
h  intensely  causUc,  mid  (.•Imisa.linost  all  organic  suhstanc-es,  Irum 
its  powerful  attraction  fbr  moisture.  With  M-ater  it  mixes  cotn- 
)letely  in  all  pr<>iKirtions,  iunl  the  mixture,  when  cidd,  ofoupiw 
P!«  liiilk  thiui  tiie  two  liqui<ls  did  when  wpai'afp.  <trfat  licat  i? 
jjiven  out  at  tiie  Tuoiueiit  tin;  mixture  ii?  made  ;  the  dilution  slioidd 
tiicrofore  he  performed  gradually,  alwayBi>ouriuwthc  at-ifl  'mU>  the 
water,  not  the  water  into  the  aci«l.  So  powerful  is  the  attraction 
of  the  acid  for  moisture,  that  if  it  be  exposed  in  afehallow  dish  tt^  Jl 
the  air  for  a  few  days,  it  frequently  doubles  its  weight  by  absorb-  ^M 
ingaqueotis  vaj^our  from  the  air.  In  the  lal>oratory,  arlvantageis  ^1 
very  often  taken  of  thie  j)roperty,  which  enables  it  to  be  employHi 
in  a  variety  of  cases  as  a  desiccating  agent  (tlfi  and  1S.*»).  The  acid 
of  eonnnerce  is  ot\en  of  a  dark  brown  colotir.  occasioned  by  its 
charring  action  on  fragments  of  organic  uuitter,  t-udi  u&  straw  ur 
Wood,  which  have  accidentally  fallen  into  it.  Sulphuric  acid  does 
not  evaporate  at  the  ordinary  temperature  of  the  air.  If  a  drop 
of  the  diluted  acid  fall  upon  a  clotli,  the  water  gradually  evapo- 
rates until  the  acid  which  is  lefV.  behind  acquires  a  certain  degree 
ofconecutratiou.  On  apjiroaching  a  tire  or  other  source  of  heat, 
a  fnrtlier  j»ortion  of  the  water  is  ex]>elled,  and  tl»e  acid  la'conit.'*! 
more  concentrated,  until  it  char^  or  destroyi?  the  cohesion  of  the 
fibres;  tliis  is  one  cause  of  the  destructive  action  of  suljilioric  acid 
upon  litu-ii,  even  when  veiT  much  diluted. 

])e  Marigiuic  tindrt'that  tlic  true  Bulphuric  acid  (U,S0,)when| 
heated  emittt  a  small  ipiaiility  of  the  vapour  of  the  aidiydride,  and  ' 
the  remaining  liqnt<l  boils  at  040''  F.  Hineau  utatoB  thftt  juRt 
above  the  builing-jKiint  of  the  acid  the  vapour  ha«  a  ^ji.  gr.  of  2'1&, 
which  would  represent  2  volumes  of  the  anhydride  juid  "2  vulnme.s 
of  eteam  (1  atom  of  each)  condensed  into  the  space  of  :{  volumes, 
but  it  continues  to  e.xpand  by  heat  until  at  880°  an  atom  of  the 
comj^tound  occupies  the  space  of  4  volumes,  which  wouhl  reduce  the 
density  of  the  vapour  to  1  •692.  This  by  some  chemii»t8  is  BUppoeed 
to  be  produced  by  the  separation  of  the  com]>ound  into  aqucoua 
vapour  and  anhydride  by  the  process  of  dissociation  fsee  not*; 
Part  I.  p.  88).  After  the  acid  has  been  frozen,  it  melts  at  SI'', 
but  it  nuiy  be  cooled  much  below  this  pt»iut  without  solidifying. 
On  dropping  into  the  cooled  acid  a  crystal  of  the  acid  prcviousl}* 
fi'oxen,  congelation  immediately  occurs,  and  tlie  temperature  riseft 
to  51°.  The  concentrated  acid  of  commerce  does  not  usually  freeze 
till  it  him  Iveen  c<X)Ied  to  about — 30° ;  but  when  frozen  it  Joes  not 
become  liquid  till  the  temperature  reaches  32°. 

( 1 1  ,SO,.  1 1,0)  or  SaconJ  IlydraU  of  Sulph  vric  A  cid. — If  water 
bo  adiied  to  sul[)huric  acid,  until  the  density  is  rednccd  to  \'1*>,  « 
detinifo  liydrate  is  fonned.  It  freezes  at  47°,  and  crystallizes  in 
splendid  rhombic  prisms,  the  sp.  gr.  4if  which  is  l'l)51  ;  from  tlii» 

itrojierty  it  is  ortiMi  termed  (jht<-iitl  xitlphurlt)  at^id.     According  to] 
)altoii,  it  boils  at  4M5°.     Graiiam  found  that  this  hydrate  may  be  1 
obtained  by  heating  a  more  diluted  Rcid  to  4(H)' till  it  ««tt6c»  to 
give  oil' water. 

Aiuitlier/>yiAii«  (II,SO„  2  11,0)  may, according  to  Graham,  be 
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prftcniT'tl  hy  evaporutirig  n  dilute  acid  tn  varmo  at  212",  till  it 
t,.  1..-0  M  ..;.riit.     The  densitj  oftliis  hydnito  is  TOyS,  and  its 


Sulph  > 


'  Acul. — For  the 


\uric  Jici/f. — I'or  tuc  pnrf»>sc  of  dissolv- 
ing iiKliiro  in  tlie  prooe.ss  of  dycinij  Saxony  l)liic,  an  acid  of  fttill 
^[igher  coiiffutration  tlian  oil  of  vitriol  is  reijuirud.     Sudi  an  acid 

Itrincijially  prej^art'd  at  the  town  of  Nordliaiisoii.  in  Saxony,  and 
ipnce  knowni  as  Nonlfiaiinfn  oil  of  vltnol.  The  old  name  for 
ilpliat*  of  iron  wnAijre&i  vitriol,  and  this  circ^lm^^tanct■,  taken  in 
DDjnnction  with  the  oily  coni^istenee  of  the  concentrated  acid, 
»ve  rise  to  tlie  name  of  oil  of  ritriol^  by  which  the  concentrated 
cid  of  commerce  is  still  frequently  known,  and  which  is  conveni- 
ht  H.S  dir=tin^iuVhintj  it  from  more  diluted  acid:^.  In  jireparing 
lie  Nordhaust-ii  aci<l,  sulphate  of  iron  is  dric<l  at  a  nio<leratc  lieat 
) expel  its  water  of  crystallization,  and  is  then  distilled  in  earthen 
•Uirtis ;  u  dense,  brown,  fuming  liquid  passes  over,  of  sp.  gr.  about 
1*0. 

(416)  Sulphuri/!  Anhydride  (S0,). — If  this  fuming  Nordhausen 
cid  l)e  placed  in  a  glass  retort,  fiirni&hed  with  a  receiver  which 
ikept  c<Hi]  by  ice,  and  a  gentle  heat  be  applied  to  the  retort, 
^liito  fumca  pass  over,  which  fiolidity  into  a  white,  silky-looking 
llmms  niaso.  This  is  the  compound  frequently  called  anhydrous 
vlphuric  acid.  The  remainder  in  the  retort,  after  all  the  anhy- 
Sile  is  ex|Hdlcd,  coiisists  of  ordinary  oil  of  vitriol.  Sulphuric 
ilivdride  may  also  be  obtained  from  the  acid  sKl[tlinte  f>f' sodium 
iNaHSOj,  wiiich  melt*  at  a  dull  red  heat,  and  is  deprived  of  it« 
pydrogen  in  the  form  of  water;  after  which,  if  distilled  in  an 
then  retort,  it  yields  white  fumes  of  the  anhydride,  whilst  neu- 
sulphate  of  sodium  remains  in  the  retort. 

2  NaIISe,=Na,Se.,Se,-|-H,e,  and 

Na,se„se,=Na.se.+se.. 

he  anliydride  forma  with  oil  of  vitriol  a  compound  (II,S04,S0,) 
bt  crystallizes  in  plates  wliich  fuse  at  95°. 
Salphuric  anhydride,  however,  possesses  no  acid  properties. 

It  is  tough,  ductile,  and  can  lie  moulded  in  the  fingers,  like  wax, 
itlkiut  charring  the  skin.     It  fumes  in  the  air,  and  is  very  deli- 

Bueecent :  when  thrown  into  water,  the  heat  emitted  is  so  intense 
nat  it  hisses  as  a  hot  iron  would  do.  The  solution  has  all  the 
uperties  of  ordinary  sulphuric  acid.  The  anhydride  melts  at 
^\  and  boils  at  about  110',  forming  a  colourless  vapour,  which, 
[passed  through  ignited  porcelain  tubes  is  decomposed  into  2  vol- 
iiues  of  sulphurous  anhyaride  and  1  of  oxygen  ;  1  volume  of  sul- 

bbiu"  vapour  and  3  of  oxygen  being  condensed  in  the  anhydride 
Bto  tlio  spsu'o  of  2  volumes  of  vapour.  The  spiecitic  gravity  of 
liis  vapour  was  found  by  Mitscherlich  to  be  3'(ll,  or  somewhat 
ligher  than  its  cjilculated  amount,  which  is  2'704 :  for — 


Sulphur S      = 

Oxygen O,     = 


By  wi>lglit. 
yi  or  40 
48        60 


By  rolume. 
1  or  05 
3       1-5 


8p.gr. 
11056 
10584 


Su) f>hnric     f 
auLrJrido    )  ' 


.SO,    =       60      100 


=      ai640 


100 
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According  to  De  Marignac,  Biilplmric  anhyJride  exists  tinder  twi 
niotlificrttions;  one  of  which  rueltji  at  about  (55°,  and  Is  produtuM 
by  distilhitiou,  or  by  fusion  at  a  hifjh  tenij)erature;  but  who; 
ouce  it  hiifi  been  ftoliaified,  it  passes  nij'idlj  into  the  other  fonnjl 
which  nnlti^  near  iilS"^,  at  which  temperature  it  is  slowly  volatil- 
ize<l,  and  beeumet  reconverted  into  the  fii*st  variety.     Sl>n]{«hurio 
anhydride  in  sinne  cases  couibiiies  MJtb  the  anhydrous  bates;  if  J 
its  vnpoiu'  lie  passed  over  baryta  heated  td  tJie  point  of  rednet*,  tha 
two   coniliiiie  with  incandescence,   and   sulphate   of  barium  i 
formed.     Mercury,  when  heated  in  the  va])(>ur,  is  converted  int 
tncrcuric  sulphate  with  Hlieration  of  sulpluinms  anhyctride.    Phc 
phurui*  tiikcH  tire  in  its  vapour,  gettiiit;  sul]ibur  free. 

Sulphurie  anliydride  combines  witli  .Mdiiiiur.  forming  sijbitio 
which  uiive  a  Imiwu,  j^reen,  or  bhie  ci.>lour,  aeciirding  to  the  pro 
purtion  of  riidj)liur;  the  Idue  couipouud  containiuf;  tlie  emallest] 
projvurtiiiii.  It  likcwifie  dissolves  H>dine,  and  with  one-tenth  ofj 
Its  weifjlit  of  iodine  forme  a  fprevn  crystalline  compound.  It  ale 
eouibines  with  hydriK'hloric  a<id,  and  foniis  a  li(juid  tenue 
c/ihr/ti/i/rofii/Ij>hurie  acid  (HCl.SO,),  which  boils  at  2(»3°,  and  ii 
decomposed  by  water.  Williamson  obtaiued  it  by  the  action  of 
pentachlMnMr  uf  pJiosphorus  upon  siulphuric  acid  ;  ll,SB.-f  PC\=J 
lICl,SO,+  l!(1  +  rH('l,;  hydrucliluric  acid  and  o.xychloride  ' 
jihosiiliorus  bciiijx  formed  at  tlie  same  time. 

We  are  therefore  acquainted  with  the  foUowing  definite  cotoj 
pounds  of  sulphuric  anhydride  with  water;  starting  with  the  an-^ 
liydi'iile : — 


nrdtst«. 


Sulphuric  luihydrtde 

Dihydraie 

Oil  of  vitnol 

Glackl  acid 

Orabaoi's  hydrate  . , 


Funauls. 


jxilnt.  '  F. 


BoIIIdk 
pulni,  •  y. 


1-848 
IT  80 
1-63J 


Uses. — The  applications  of  sulphuric  acid  in  the  arts  are  very 
numerous.  Immense  qmmtities  of  it  are  cr>nsumed  in  the  man- 
ufacture of  sulphate  ot  sodium  as  a  preliminary  process  in  mak- 
ing carbonate  of  sodiuju ;  and  it  is  in  constant  reaui*ition  for 
the  preparation  of  m'tric,  liydrochlorir,  and  other  volatile  ncidBiH 
Its  ap])lic(itions  in  the  hiboratury  are  too  numerous  to  be  fipecitied,W 

(417)  Imjmrltie^  vrmfuan   in  tlie  Cvininen'ial  Acid. — The  oil 
of  vitriol  of  commerce  is  never  pure :  it  always  contains  lead,  de- 
rived from  the  vessels  in  which  it  is  made.     'The  greater  part  ofj 
the  sulphate  of  lead  is  precipitated  as  a  white  powder  when  tin 
acid  is  diluted.     It  is  also  frequently  contaminated  with  arseni 
derived  fi'um  the  pyrites:  the  diluted  acid  in  thia  case  gives 
yellow  precipitate  when  exposed  to  a  current  of  sidphuretted 
hydrogen  gas.     Tlio  arsenic  ie  still  more   e-asily  recognised  b; 
what  19  termed  Marsh's  test,  which  will  Ije  described  under  th" 
Jiead  of  ameiiic  (S-iti).     Ou  the  l&rge  ac&k  Ikls  \iu^wril';j  l&  efteci 
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mUt  removed  by  iwlding  a  small  ijuantity  of  sulphide  of  bfiriiim 
to  tlie  iicid ;    siilphitle  uf  an-eiiic   and   siiluliute   of  buriurn   aro 
furuiud  ;  tliov  are  both  insoluble  in  the  acid,  ami  raaj  be  separat- 
ed by  6ul)si<Ieiiee  and  docantation.     The  greater  part  of  it  may 
also  be  ^ot  rid  of  by  adding  hydroeldoric  acid  and  Itoilin^j  tlie 
li({uid,  when  the  arsenic  is  expelled  in  tiie  form  of  chloride  of 
anenic  with  the  excess  of  hydrochloric  acid.     Nitric  acid  and 
wme  of  the  lower  oxides  of  nitrogen  are  also  often  present ;  a 
stronger  solution   of  green   vitriol  in  water,  when  added  to  tlie 
undiluted  acid,  shows  the  presence  of  the*e  impurities  by  Btrilc- 
ing  a  characteristic  purplish-red  colour  at  the  point  of  contact  of 
the  two  liquids.     Sulphurous  acid  may  likewise  Bometinies  be  de- 
tected in  the  acid,  a&  may  also  hydrocliloric  acid  and  sulphate  of 
potassium. 

When  required  in  a  pure  fona,  the  acid  must  be  re-distilled. 
wttL  a  little  sulphate  ot  aramoniima ;  this  salt  decomposes  any 
nitrons  acid  which  may  be  present  (p.  95).  Tlie  distillation  re- 
quires to  be  conducted  with  much  care,  as  the  boiling  takes  place 
with  Tiolent  concussions  and  sudden  bursts  of  vapour :  the  dan- 
ger may  be  avoided  by  distilling  it  from  freshly  broken  crystals  of 
quartz;  or  by  using  a  gas-bttrner  in  the  tbrm  of  a  large  ring,  so 
a  to  apply  heat  to  the  sides,  and  not  to  the  bottom  of  the  retort, 
in  which  case  tlie  insoluble  matters  collect  at  the  bottom  of  the 
retort,  whilst  the  ebullition  takes  place  from  the  sides  tranquilly. 
(41S)  Sulphuric  acid  in  its  concentrated  form  acts  but  feebly 
upon  tuctidlic  bodies  in  the  cold,  but  when  boiled  upon  them  it 
iu  some  cases  undergoes  decomposition :  even  silver  is  dissolved 
bv  it,  sulphuroxis  anhydride  being  formed,  whilst  the  sidphate 
of  the  metal  is  dissolved  in  the  excess  of  sulphuric  acid  ;  thus 
2  Ag 4- 2  ri,SB,rz  Ag,SO, -f- SO,  +  2  H,0.  Copper,  mercury,  ar- 
lenic,  antimony,  l)ismuth,  tin,  lead,  and  tellurium  are  acted  upon 
It?  the  acid  in  a  similar  manner,  (rold,  platinum,  rhodium,  tuid 
iridium  aie  not  acted  upon  by  sulphuric  acid  even  when  boiled 
witli  it  The  more  oxidizable  metals  are  dissolved  by  this  acid 
fflien  diluted  with  water,  hydrogen  being  liberated,  whilst  the 
tnetiil  unites  with  the  radicle  of  the  sulphuric  acid:  zinc,  iron^ 
Cobalt,  nickel,  and  manganese  are  acted  upon  in  this  way.  The- 
Bciil  is  also  decomposed  when  boiled  with  charcoal  or  with  snl 
pliur.  sulphurous  anhydride  being  evolved. 

iitdj>hnt<:s. — The  salts  foniied  by  6ul[»huric  acid  are  termed 

miphnk^  ;  their  composition  is  such  as  to  allow  them  for  the  most 

J)art  to  ]te  represented  (as  was  till  lately  the  uniform  practice)  a& 

'■""-'-•"ng  of  1  equivalent  of  actd  and  1  of  metallic  o.xide,  like 

■  of  potassium  {KO,SO„  or  KSO.).     There  are,  however, 

-u.  :i  -uong  grounds  for  believing  that  sulphuric  acid  is  what  is 

teriaed  a  ui  basic  acid,  that  most  chemists  have  now  agreed  so  to 

'  it.     The  ordinary  formula  of  the  acid  would  in  this  csvse 

to  be  doubled,  luid  would  be  written  2  HO,S,()„ :   or, 

ttiopt-ing  the  new  atomic  weights  for  oxygen   and  sulphur  it 

vould  lie  written  as  II,SO^,  in  accordance  with  the  formula  given 

in  the  preiredin^  pagea.     With  the  alkdUea  it  Ibrius  acid  6i\\t^ 


Biieh  as  acid  sulphate  of  iwtfv^^ium  (IvHSO,);  fit  n  few  innti 
biisic  fijilts,  sucli  Jip  tlii^  hiLsif  siilj)hak'  of  CDppci'  (6iiS<i„  2  f'u  fj 
inuy  1)€  tbrraed.     Many  of  the  i*ulphatei»  itceur  native,  and  cott*t 
tnto  important  and  wcll-known  uiineruls,  sm-li,  for  instatici?, 
{;fypsuni  (OaSO,,  2  H,0),  and  the  sulphates  of  boi-inm,  Btit>ntiniu 
and  lead.    Some  are  formed  by  the  ijpontnneous  or  artitiojal  oxidi 
tioii  of  the  sulphidfi*,  us,  for  iu»tanoe,  the  snlphiiles  of  iron  and  cvt 
j)er,  which,  by  exposure  to  the  weather,  or  by  roastinj^,  can  furuin 
the  suljihates  of  the  metals.     The  solulde  sulphates  of  the  met* 
iiiiiy  Ix;  r«'a<lily  {irepurcMl  l)y  disi=iolviiii^  the  o.xide  t»r  its  eiirbonal 
in  dihited  snljiimric  acid,  in  cases  in  which  the  raetal  it,*elf  is  rn: 
readily  attacked  by  the  acid,     llie  insoluble  sulphates,  sach 
theme  of  barium  and  lead,  may  be  obtained  by  ]>rfripitHting 
Boluble  salt  of  the  base  by  means  of  some  soluble  sulphate,  bu« 
as  sulphate  of  sodium.     Many  of  the  suljihates  are  fttnned 
residues  during  the  preparation  of  the  volatile  acids  bv  the  ai'tios 
of  Kulphuric  aci<l  on  their  salts.     Sulphate  of  potassium  is.  thr' 
olitaiiied  <luring  the  preparation  of  nitric  acid  from  saltpetre, 
l)liate  of  sodium  as  a  residue  from  common  salt  in  the  uianiiiH 
ture  t>f  hydro<^hlorie  acid,  and  so  on.     The  .sulphates  of  j)otii 
barium,  strontium,  lead,  silver,  and  of  both  the  oxides  of  nier 
are  anhydrous.     Sul})hate  of  calcium  (crypsum)  contains    ~ 
i'  11„0.     The  sulphates  of  zinc,  magnesium,  and  of  iron,  cobalt 
uikI  nickel,  nsually  crystallize  with  7  H,0  ;  but  the  uuiiiIht  oI 
atoms  of  water  in  these  salts  is  otYen  smaller  if  the  sohition 
allowed  to  crystallize  at  a  high  temperature,  the  proportion  ol 
water  being  sometimes  f»,  at  others  4,  and  under  some  ciiruni 
stances  as  low  as  2  H,0.     The  sulphates  of  the  group  whicl 
are  isomorphous  with  snljdiate  of  magnesium  contain  1  atom  or 
water  which  admits  of  displacement  by  an  atom  of  some,  aiihj 
drous  sulphate,  such  as  sulphate  of  potjissium,  or  sulphato  ol 
ammonium  :  [>eculiar  double  salts  are  thus  formed,  which  rcU 
(5  atoms  of  water  of  crvstallization,  but  these  double  salt  ~ 

*tUl  isomorphous  with  sulphate  of  magnesium  (555).    Sul]>hii 

copper  crvstallizes  with  5  11,H,  but  it  forms  <liiuble  salts  contait 
ing  (')  11,(> :  sucli  as  (BiiSO„  K,S(->,.  «)  II,t))  isomorphous  wit 
those  just  mentioned.     SuljOmte  of  sodium  crystallizes  usualljr 
^NH,Sf-\,  10  lL,f>).  but  it  exhibits  sojne  singular  unotmdies  {i'^' 

Neither  the  sulphate  of  lead  nor  the  hulplmtcs  of  the  met*" 
the  alkalies  and  alkaline  earths  nre  deci»iM]>osed  wh< 
n'lliiess,  except  the  sulphate  of  magnisinm,  which  1 
]>arti;dly;  the  sulphates  of  zinc,  cadmium,  nickel,  colialt,  i-opj 
and  silver  reipiire  an  intense  heat  to  decompose  ihom  :  but  tl 
otlntr  sulphates  part  Avitii  their  acid  without  ditficnity  whc 
strongly  ignited.  When  heated  with  charcoal  the  8ulj>hatce 
nil  decompotjed  ;  those  of  the  metals  of  the  nlkalies  and  alkalinj 
L«artlvs  being  converted  into  sulpliides :  these  sidphidert, 
loisteuod  with  hydrochloric  acid,  evolve  suljihuretted  hydr 
The  sulphate  of  barium  may  be  easily  n-cognisc*!,  '•■ 
quuutitv,  if,  after  having  been  mixed  with  a  little  ■ 
folded  m  a  ])iitce  of  platinum  foil,  it  a  huulcd  in  thu  liouio  of 
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OTrpipe;  BaSO,+ 4  6=BaS+4  €?0;  the  carbonic  oxide  es- 
caping as  gas;  and  the  eulphide  of  bariiun,  whoii  moistened  with 
hvdrix'hloric  acid,  is  converted  into  chloride,  and  evolves  hydro- 
sulphuric  acid;   BaS+2  HCI  =  Ba01,-f-H,S.     The  sulphates  of 
the  metak  of  the  alkalies  and  alkaline  earths  may  also  be  con- 
verted  into  sulphides  by  heating  them  to  retlnesi?  in  a  glass  or 
porcelain  tube,  and  transnjitting  a  current  of  dry  hydrogen  gas 
over  thein.     In  this  way  Bulpliate  of  pota^ium  is  reducetl  witliout 
dirtiiidty  to  sulphide  of  potiuisium,  water  being  formed  ;  K,S04+ 
4  H,=lv,S  +  4  Il.e. 

The  composition  of  some  of  tlie  more  important  Bul})hat03  ia 
ihown  in  the  following  list ; — 


K«utnl  Mlt  . 

ICblMU 

Mitonlt 

&ilpluit«  of  potassium  . . . 
!^  i'[i]iut«  of  sodium 

filL  of  potAssium. 

'  of  amruoDium... 

tJlptl&te  of  C&lcittm 

Si^hste  of  barium 

^hate  of  stronlium. . . . 

Sul}iij(e  of  lead 

?  lii/itp  of  silver 

:<f  mAgnfisinm... 

of  zinc 

>!  Ip'-iaie  of  iron  

!<il(iliate  of  cobalt 

Sulphjite  of  copper 

Snliihiite  of  aliimina 


Ganml  fonnnla. 


MUse« 
Na,Se4  .  VQ  H,e 

T7&St74   .    2    Ha©" 

BaS©4 
nrnT74 

AgjSOt 

Znse. . 
eoso. . 


.1  H,0 

7  H,e 

TH,e 
5H,e 


Aij  3  se, .  18  n,o 


MO,  so. 

MO,  HO,  2  SO, 
MO,  MO,  2  SO, 

KO.  SO, 

NaO.SO. .  10  HO 
KO.HO,  2S0, 
n.NO,  SO, 
CaO.SO, .  2  HO 

Bao,  so, 

SrOjSO, 
PbO,  80. 
AgO.SO, 
MrO.SO, 
ZuO.SO, . 
FeU.SO, .  7  UO 
CoO.SO, .  7  HO 
Cu0,S0, 
AUO,,  3 


.7  HO 

7  110 


5  HO 
SO,  .  18  HO 


p.  u-h-ilum K:^l  2  SO,  .  12  ll,e|K080,,  Al-O,  3  SO,   .  24  HO 

CaO,SO„KO,SO, .  6  HO 
CuO.SO.,  2  (CuO,  HO) 


.fcopper  and  J       ^^g^^_  ^^g^^    g  jj^^ 
toyi.  iolpbftte  of  copper CuSOi,  3  ^aHjO, 


Sulphuric  acid  and  Its  salts  are  ea.*ily  recogniw^d  when  in 
wliitidn  by  the  white  precipitate  of  «ul])lmte  of  barium  which  13 
('■niud  ou  the  addition  of  nitnite  of  Ijarium ;  tlii.-^  prt-c-ipitate  is 
Vvrv  irifioluble  in  nitric  acid.  A  white  precipitate  uf  t^uljiliute  of 
Itad,  nearly  as  insoluble  as  the  sulphate  of  barium,  is  formed  on 
tdJiug  a  soluble  salt  of  lead  to  a  solution  containing  uulplmric 
•dd  or  a  sulphate.  The  fiulphatc!?  of  Btrontiuni,  calcium,  and 
iiivcr  are  but  sparingly  soliibie  in  water;  tlie  othei"s  are  readily 
Boluljle;  nearly  all  the  siilplinteK  are  insolulile  in  alcohol,  unless  a 
I:..  .  of  acid  be  present.     The  sulphates  which  arc  iiisolmljle 

i;i  d  in  acids  may  be  entirely  ilcfoniposcd  by  fu.-ion  with 

au  ext'L-ss  of  carbivnate  of  sodium  or  potfis^iuin,  a  sulphntc  of  the 
alkaline  metaU  being  formed,  which  may  bo  dissolved  by  water, 
wliiUt  an  insoluble  carbonate  of  the  other  metal  is  left.  A 
ei»lutum  of  the  carbonate  either  of  potassium  or  sodium,  when 
boiled  with  the  insoluble  sulphates,  produces  a  similar  but  less 
complete  decomposition. 

(410)  llYi'osLLi'HLKoua  AciD ;  H,S,H,0,=132.— t)f  the  re- 
maining acids  oi'  sij^pharj  the  only  one  of  any  practical  iiiApoT- 
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tance  is  the  hyposulplniroiis  or  dUhuynmi^  aeid.  Its  Podium  salt  I 
hiw  been  largely  employed  in  the  tixing  of  photographic  pictnreg»j 
This  application  has  arisen  from  the  power  poftseesed  by  this  eonhl 
pound  of  disBolving  those  salts  of  silver  MMiich  are  insijluble  iitj 
water,  forming  with  them  soluble  double  salt*;  the  surface  (iftb»J 
photi^graph  is  freed  from  the  unaltered  argentine  comixniiid  by  ] 
iinrnen^ion  in  a  sohition  of  the  hyposulphite,  whilst  the  porti(iii{ 
whicli  has  l>een  lilackened  by  light,  is  leJY  unacted  ujwn;  if,  after ' 
this  operation,  the  picture  be  well  washed  with  water,  it  is  no  ] 
longer  liable  to  alteration  by  ex]iosure  to  light. 

Beiiides  its  aiiplicatiou  in  jihotography,  the  hyposulphite  of  I 
sodium  is  emjdoycd  to  a  considerable  extent  as  au  antu'/ilort,  ((a  I 
removing  the  lat^t  traces  of  clilorine  from  the   bleached  pulp 
ein[dityed  in  pnper-makJTig;  and  it  lias  been  cpplied  by  PeriTM 
a  solvent  in  the  separation  of  chloride  of  silver  for  raetallurgicil 
purposes.  i 

Rose  states  that  none  of  the  hyposulphites  can  be  obtained  iaj 
the  aidiydrous  fonn,  all  of  them  retaiiniig  at  least  1  atom  of  wRtefj 
which  cannot  be  expelled  without  completely  decomposing  thaj 
salt,  80  that  their  true  formula  should  be  M,S,H,0, ;  tiiat  of 
barium  salt,  for  instance,  instead  of  being  SnS,0„H,0,  should  liej 
BaS,H,0,. 

If  zinc  tilings  be  digested  iu  a  solution  of  sulplmrous  acid,  I 
metal  is  dissolved  M-ithout  any  extrication  of  gas ;  it  is  oxidii 
at  the  ex]»en8o  of  a  portion  of  tlie  sulpluiroufl  acid,  and  a  mixt 
of  sulphite  and  hyposulphite  of  zinc  m  found  in  solution : — 


Snlphurnus 
add. 


HyporalphlU 
of  zinc 


Snipbit* 
(if  lino. 


2  Zn  +  3  H,se,  =  Zus.ii^e,  +  znse.  +  2  ir.e. 

J7y/>*>jj»/^y>A/>of.Sw//Hm(Na,Sjr,e.,4II,eorNaO.S,O,5n0^ 
is  raanufactureil  to  some  extent  by  tnuititnittiug  through  a  solutioi^| 
of  impure  sulphide  of  sodium  (prepared  by  thf^ing  together  in  a 
covered  crucible  erpial  weights  of  carbonate  of  sixliinii  and  pow- 
dered suliihur,  or  by  couvertiuj^  sulphate  into  sulphide  of  sodium, 
by  calcining  the  sulpliate  with  carbon),  a  stream  of  sulphuroUB 
acid  until  it  ceases  to  be  absorbed  •  the  liquid  is  then  tiltered  and 
evaporated ;  hyposulphite  of  sodium  crystallizes  from  tlie  solution 
in  bold  striated  rhombic  prisms,  terminated  by  oldique  factvs.     A 
Btill  better  plan  consists  in  digesting  a  solution  of  sulphite  q£B 
Bodium  on  powdered  sulidiur:  the  sulphur  is  gradually  dissolve^B 
and  forms  a  colourless  sohition,  ^vbieh  on  evaporation  yields  cr^-s- 
tals  of  hyposulphite  of  sodium,  1  atom  of  Bulphur  and  1  of  water 
combining  with  1  atom  of  sulphite  of  sodium;  !Na,SO,  +  H,0+S 
becoming  Na,S,IJ,0,.     "When  heated  in  closed  vessels  the  hypo- 
6ulphit«  of  Bodium  first  loses  water,  and  is  then  resolve*!  into  sul- 

Ehate  and  pentasulphide  of  sodium;  4  Na,S,H,0,  =  4I^,0-f- 
Na,Be,^-Na.S.. 
The  htnumiljihifcfi  of  cal<nnm.  and  strontutm  (6aS,n,0„  5  II,0 
and  SrS.lTjO.,  4  H,0)  may  be  prepared  by  transmitting  sulphur- 
otiB  acid  through  the  sulphides  of  calcium  and  atrontium  suspended 
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in  crater  ;  tlieir  solntionfi  are  (lofoinjKwed  below  the  temperature 
of  212''  into  Iroc  suhihur  ami  sulphites  of  the  earths. 

Dyposiilphite  ot  calcium  is  Ibrineil  8p<mtaneoaslj  in  large 
quautify  in  the  reftiso  lime  from  the  gas-worlcB,  and  in  the  refuse 
horn  the  ball  soda  of  the  alkali  works,  consisting  chietly  uf  a  mix- 
ture of  sulphide  of  calcium  with  lime  and  carbonate  of  cuicium, 
tnd  is  uitw  employed  as  a  valuable  source  of  hyposulphite  of 
Mlium,  which  is  readily  obtained  fromit  by  double  decorapoaitioa 
witli  oiirlMiiuite  of  sodium. 

llijjfogulpjilte  of  Bar'nun  (fl:iS,ir,0,)  may  be  obtained  in  i<mall 
brilliant  crystals  by  mixing  dilute  solutions  of  ddoride  of  barinin 
widliytii sulphite  of  sodJura.  It  is  impossible,  however,  to  obtain 
theaciu  in  tlie  form  of  a  hydrate  either  from  this  or  from  any  of 
ik«alts  ;  when,  for  example,  snlpliuric  acid  is  added  to  the  hypo- 
nlpliite  of  barium,  sulphate  of  liaritiiii  is  precipitated  ;  but  if  the 
wlution  be  filtered,  the  clear  liijuiil  speedily  becomes  milky  from 
the  8pparatii»n  of  sulj)hur,  and  the  odour  of  sulphurous  acid  is 
emittt'd  ;  II,S,H,0,  beconiiiig  decomposed  into  S-f  SO,-|-  "1  H,0. 

The  sohdde  hyposulphittw  are  easdv  recognized  by  the  facility 
with  which  thev  dissolve  chloride  of  silver,  fonning  double  hypo- 
wlpliite  of  eodium  and  silver,  which  yields  a  solution  ot  an 
intensely  sweet  tai>te  ;  AKCl-|-Na,S,H,0,=NaCl+Na^VgS,lI,0,. 
Solutions  of  the  In-jM^ulphites  give  a  white  precipitate  of  h_v]«>hul- 

Eliitc  of  lead  in  solutions  of  tlie  salts  of  lead;  this  precipitate, 
owfver,  becomes  decomposed  and  blackened  if  <lrietl  at  21i!*^, 
owing  to  its  partial  conversion  into  sulphide  of  lead  ;  a  solution 
of  murcurous  nitrate  is  immediately  decomposed  by  a  solution  of 
the  hyp< (Sulphites  at  ordinary  temperature*  in  a  similar  inauiier, 
the  black  sulphide  of  mercury  being  deposited.     These  salts  also 

five  a  brown  precipitate,  consisting  of  sulphide  of  copper,  when 
eHte*!  M-ith  a  solution  of  a  salt  of  copper  acididated  with  hydro- 
chloric acid.  An  alcoholic  solutimi  of  io<line  is  rendered  colourless 
hy  admixture  with  an  excess  of  hyposulphite,  a  tetrathionate  of 
the  metal  being  produced  (422). 

The  Uif/Kisidjiiluk  uf  Gold  and  Sodium  (AuXa,  2  S,H,0,)  is 
twed  U)V  gihiing  tJie  daguerreotype  plate,  and  for  colouring  the 
positive  proof  obtained  in  photographic  printing.  It  may  be 
prepiired  in  a  state  of  jiurity  by  mixing  concentrated  solutions  of 
1  purt  uf  chloride  of  gold  and  3  part.s  of  hyposul]»hite  of  suilium : 
chloride  of  sodium,  tetrathionate  of  sodium,  and  hyposulpliite  of 
wxlimn  and  gold  being  formed  :  on  the  addition  of  alcohol  the 
litter  suit  is  precipitated;  the  precipitate  must  lie  re<lis.solved  in 
« suuill  quantity  of  water,  and  again  precipitated  by  alcohol.  It 
crystallizes  in  groups  of  colourless  needles,  which  are  very  soluble 
in  «":iter,  but  insoluble  in  alcohol.  It  may  be  mixed  with  diluted 
■•>nl])iiuric  or  hydrochloric  acid  without  the  evolution  of  sulphurous 
»cid.  The  formation  of  this  double  salt  is  ex]daincd  by  the  folUiw- 
ingetiualiou  (Fordos  and  Gelis,  Ann.  de  Chimle^  III.  xiii.  SUDj : — ■ 


Telrathlwo. 
■odtum 


Bniofulphlte  uniUuin 
■od  giild. 


Chlor. 
■odium. 


B^iMalph.  Mdloia.    Otilor.  gold. 


DmnONIC   ACTB — ^TRmnONTC  ACTT. 

(420)  HTPOStTLPHtTiio  Acid  :  DitMofiic  Acirl.'H ^5,0^=1  f>i.— 
This  nt'id  is  more  stable  than  the  hyposulphiirous  acid,  and  may  ^ 
bo  obtained  in  combination  with  wiiter.  If  su]r)linr<iup  anhvdridQ^I 
be  trunsinittod  tlirough  water  in  wliioh  finely  divided  f>eroxide ofW 
immpmose  is  susjiended,  the  eas  is  rapidly  absorbed,  and  if  tlie^ 
li(iui(l  be  kept  cool,  hvposulphate  ot  manpinese  is  formed; 
MjiO,-f-  2  SO,,  yielding  MnSjO,.  If  the  temperature  be  allowed 
to  rise,  sulphate  of  manganoso  is  fonned  insteiul ;  MnO,  +  SO^ 
Ixjcoming  MnSO,.  It  is  difficult  to  prevent  the  fomiation  of  a 
little  of  tlic  latter  salt,  but  the  two  salts  are  easily  sen 
by  adding  baryta-water  iiumganese  is  precijiitated  as  1 

Srotoxide  and  suljihate  nnd  hvposnljiliate  of  l»anum  are  ii>nin:d 
FnSO.+  MnS,e,  +  2  iiaM.e.  =  HaSe,  +  fliiS,0.  +  2  MnH.O,; 
The  livposulpliatc  of  iHtrium,  being  soluble,  may  be  separati 
from  the  insuhiblo  sulpiiuto  of  barium  by  filtration,  and  it  may 
obtained  in   prismatic  efflorescent  crystals  (BaS,0„  i  H,0)  fr 
evaporation  below  42^^:  at  higher  temperatures  it  yieldi?  pcrmunenl 
crystals,  with  only  2  atoms  of  water,  which  belong  to  tlie<jb]iqn' 
system.     By  the  cautious  addition  of  diluted  sulphuric  acid  to  ita 
solutinn,  until  a  jirccipitate  ceases  to  Vie  fomied  on  the  additionj 
of  a  drop  of  sulphuric  acid,  Iiyyuiisidphurit*  acid  is  lilierated, 
may  be  faltered  from  the  Ruli»hate  of  barium. 

Many  double  h^-posulphates  may  In?  obtained,  such  as  th 
hv]M)sulphate  of  sodium  ami  barium  (BaXa,  2S,0„  4  H^O),  and' 
tfie  corresponding  silver  salt  (AgNaS.O,,  2  H,0). 

The  hy]>osn]|tlmtcs  are  all  srdnble  in  water.     The  solid  sal 
when  lieatcd  emit  sulphurouB  acid,  whilst  a  sulphate  of  the  me 
remains  lichind.      When  in  solution  they  may  be  oxidized  at 
boiling  heat  by  chlorine  or  "by  nitric  acid,  and  two  atoms  oi 
Bulphi'iric  acid  are  fonned  ;  H,i5,0,  +  H,0  +  0=2  II.SO,.     In  thi 
cold,  they  present  no  appearance  of  decomposition  when  treat 
vnih  sulphuric  acid,  Imt  if  heated  with  it,  suljihurons  anhydrid 
is  evolve<l,  l»ut  no  dojiosit  of  sulphur  occurs.     Tiicse  reaetio 
distinguish  the  In^posulphatcs  fi-om  both  the  siilphites  and  hyj>o-] 
sulphites. 

(421)  Trithionic  Aero  (II,S,0,=194). — If  a  salnrated  solutioi 
of  the  acid  sulphite  of  potassium  he  digested  on  powdered  sulphur 
for  three  or  tour  days,  till  the  yellow  colour  which  the  hquii^ 
acquires  at  first  has  disappeared,  sidphurous  anliydride  gn\duall; 
escapes  and  trithionnte  ot  potassium  is  formed.     It  crystallizes  i 
aidiydrous  fimr-sidcd  prisms,  tcniiinatcd  liy  dihedral  summits. 
Bolution  of  the  salt  givea  a  black  jirecipitate  with  mercurons  ni- 
trate, and  a  white  with  the  mercuric  nitrate;  with  nitrate  of  silver 
it  gives  a  yelhtwish-white  precipitate,  which  soon  becomes  bhir: 
The  frithionate  of  potassium  may  be  decumjiosed  by  means  o; 
tartaric  acid,  and  the  liberated  trithionic  acid  has  even  been  ol: 
taiued  in  prismatic  crystals,  but  its  snilntion  gradually  underg«K3 
Bjioiitancoiis   decomposition    into    sulphur    and    sulphurous    an* 
Bulphuric  aci.ls;  11,04 H,S.e.=S-|-n,Se,  +  U.Se..     When  tl 
trithionates  are  heated  in  a  closed  tube,  sulphur  is  suldimed,  sn 

phiirom  anhydride  is  expelled,  and  sulplvaVc  o?  V\\e  xacV^vkV  \s,  \aft.. 
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(492)  Tetkatiiioxio  Actp  (TI,S.e.=  22r.).— When  hyposul- 
phite uf  barium  L^  pusipeiulcd  in  \vatt;r,  and  iofline  id  a<ldt«J,  iixlide 
of  barium  is  formed,  and  a  new,  epariugly  soUible  salt,  the  tctra- 
tbiuuati^  of  hHriuui,  is  se]»arated  in  hvdrated  crvstuld  whicli  cun- 
tain2a.e:— 

2  fiaS,H,e.  +  I,=fiaI,  +  BaS,0„  2  H.O. 

The  tetrathionate  is  purified  by  recrystallization ;  and  from  a  :*nlu- 
tion  of  this  salt  a  pure  solution  of  tetrathionic  afi<l  may  he  jire- 
pared  bv  the  addition  of  a  quantity  of  suljihurie  acid  jiiit  sufiicieut 
to  precipitate  the  whole  of  the  l)arium  ;  the  acid  may  be  ciuiccn- 
truted  in  vacuo  over  sulphuric  aeid.  I'y  boiling  the  solution,  sul- 
phtir  is  depor^ited,  Hiilj>hurous  anhydride  escapes,  and  sulphuric 
acid  remains  in  the  ]i(|uid. 

(423)  Pextathionic  Aero:  II,S,0,=258. — A  Mention  of  siil- 
phorons  acid  is  decornp«jsed  by  transmitting  through  it  a  current 
of  feuliihuretted  hydrogen;  sulphur  is  deposited,  and  anew  aeid 
n>mainb  in  the  liquid;  10  n,SO,+  I0  Lr,S=2  Il,)-;„0,  +  5  S,4- 
IS  1I,0|.  It  is  very  unstable:  tetrathionic  and  trithionic  acids 
ire  t'lirrned  bv  the  decomposition  of  its  eolutiou,  attended  with  a 
d«']Misition  ol  sulphur.  The  j/cntathifmnte  of  barium  (fia8,0,. 
11,0|  may  be  obtained  in  silky  scales  by  neutralizing  the  acid 
with  barfta-water,  and  precipitating  tlie  salt  from  its  aqueous 
6i)luliiiu  by  the  addition  of  alcohol:  mercurous  nitrate  gives  a 
yellmv  precipitate  in  its  solution;  and  nitrate  of  silver  a  yellow 
pret-inifate,  which  quickly  iK'comes  decomposed  and  turns  black. 
The  action  of  sulpiinrie  acid  ujvon  the  salts  of  the  various 
ovv:u-iils  of  snlplinr,  affords  a  simple  means  of  distin;!;uisi»ing 
l>ct\vijon  several  of  these  diti'crcnt  classes  of  salts.  When  con- 
cerilrated  sulj)huric  acid  is  i)onred  upon  the  sulphates,  it  evolvea 
Ooinlour,  even  when  heateii  with  them.  The  sulphites,  even  in 
the  cold,  yield,  with  diluted  sulphuric  acid,  an  odour  of  sulphur- 
onsncid.  The  hyposulphates  emit  no  odour  of  Bulpburous  acid 
with  ililuted  sulphuric  acid  in  the  cold,  l)ut  evolve  sul[»liurou-j 
Bcid  bv  tlie  jud  <if  heat  :  whilst  diluted  sulphuric  acid  producer 
with  iW  hyposulpliites,  even  in  the  cold,  an  odour  of  suliihuroiLj 
«cid  attended  with  a  deposit  of  sulphur. 

{i'2i\  C/i/oronulp/iuricAci^/, or  CMoritle of  Su7phuri/l(SiO,C\f); 

Sj).  (jr.  of  Liquid,  l't!6 ;  of  Vapour,  t/i^oreti-c,  4'GGi ;  ottnerved, 

^^'M\^td.   TV.  [X];  Binliny-pt.  17U°.— If  eiiual  mea-sures  of 

»ul))hurou&  anhydride  and  chlorine,  both  perfectly  dry,  be  mi.\e»l 

iicr,  no  change  occurs  in  <liffused  daylight,  Init  under  tlie  in- 

'of  bright  sunshine  they  unite  and  become  condensed  into  a 

■ '  .liess  li([nid.  with  an  extreinuly  jiungent  odour,  and  an  irritut- 

1'  -'  I  til'ct  upon  the  e3'es'.*     This  sulistance  can  scarcely  be  called 

'■' :"  id,  for  It  does  not  form  any  peculiar  class  of  saltij.    It  iiuty  be 

•  It  ttiftjr  be  obtained  ruoro  easily  by  distilling  an  intimate  mixture  of  penta- 
Alfir  i|,.  ,^r  rif  oxycliloridu  of  pliosphoruii  with  suJphatu  of  lead;  phosphuto  of  lead 
if  ^ulphuryl  being  rormed  (Oariua);  ttie  reaction  with  the  osycliloridd 
xi:— 

S  PbfiO,  V-  S  POCl,  =3Pb,2Pe,  +3  sejCi,. 
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distilled  tmclianged  from  canRtle  Ihne  or  baryta. ;  but  by  admix 
ture  with  water  it  is  iiiiniediatclv  decomposed  intu  euljiljiiric  and 
liydrochloric  aeid*;  &0,C1,  +  2  H,e  =  H,Se,  +  2  II CI.  Aa 
analogous  compnimd  (SO,I^)  nirtv  be  fonned  with  iodine.  These 
bodies  are  consult'i-ed  liy  11.  K^fsu  and  by  Berzolius,  as  coinpnnnds 
of  sulphuric  anli  jfh'ide  with  ehloride  or  iodide  of  sulphur ;  .i  SO.Ct, 
=  2  SO,,  SCI,.  '  By  trimsinitting  the  vapours  of  sulplitiric  anhy- 
dride into  chloride  of  Bulphur  cooled  by  a  freezing  mixture,  Iloee 
obtained  a  fuming,  oily-looking  compound  {S0„  SO.Cl, ;  sy/.  grr. 
qfUmtid,  1'818 ;  ofvajwur^  4-481),  which  boils  at  2!t3°'  F.  Eoee 
and  Berzelius  regard  it  a*  (5  SO„SC],) ;  but  it  should  be  stated, 
in  opposition  to  this  view^  that  no  eonipound  of  chlorine,  SCI,  or 
SCI,  18  known  to  exist,  and  the  density  of  the  vapour  of  chloride 
of  sulphuryl  is  in  favour  of  the  simpler  formula. 

(425j)  NiTR<i«uLriirBic  Acm  { IIjSOjS  ISO  =  149) ;  not  known 
nncombiued  with  metals. — Nitric  oxide  and  sulphumus  anhy- 
dride may  be  mixed  with  each  other  in  a  dry  state  without  enter- 
ing into  conibinaticm.  but  if  a  stronr;  solution  of  potash  be  thrown 
up  into  a  jar  ctnituining  a  ini-xture  of  2  volumes  of  nitric  oxida 
and  1  volume  of  s»l|>luiious  anhydride,  over  mercury,  the  pas  is 
gradually  and  conijiletely  absorbed.  If  a  concentratGd  solution  of 
ammonia  be  satunitod  with  suhihiirous  acid,  then  mixed  with  four 
or  five  times  its  Imlk  of  the  Bolutioti  of  ammonia,  and  a  current 
of  nitric  oxide  be  slowly  transmitted,  whilst  the  litiuid  is  artiti- 
cially  kept  cool,  the  gais  is  in  a  great  raea&nrc  absorlied,  and  beau- 
tiful snow-white  rhombie  erystnls  of  nitrosulphate  of  Hmmoninin 
[(H,N),SO,  2NOj  are  dejfosited  ;  they  may  be  collected  un  a  fil- 
ter, washed  with  a  little  ice-cold  solution  of  ammonia,  and  dried 
in  vacuo  over  sulphuric  acid. 

This  salt  is  a  singularly  unstable  compound ;  when  dissolved  in 
water  it  begins  to  undergo  decomposition  at  ordinary  temperar 
tures :  the  presence  of  a  free  alkali  increa.ses  its  stability.  If  an 
attempt  be  made  to  liberate  the  acid  by  the  addition  of  another 
acid  to  the  salt,  brisk  effervescence,  due  to  the  escape  of  nitrons 
oxide,  takes  place,  and  sulphuric  acid  remains  in  the  liquid, 
IIjSO,  2NO  giving  H,SO,-f  N,0.  Mere  admixture  of  the  solu- 
tion of  the  nitrosulphate  of  ammonium  with  that  of  many  me- 
tallic salts,  such  for  instance  as  sulphate  of  copper,  produces  a 
similar  decomposition  ;  probablv  a  double  decomposition  occurs ; 
OuSO.  -t-  (II,N),SO,XO  becoming  (H,N),SO,  -|-  GuSO,  2Ne, 
whilst  the  nitrosulphate  of  copper  is  immediately  resolved  into  ni- 
trous oxide  and  sulphate  of  copper.  If  the  dry  nitrosulphate  of 
ammonium  be  heated  a  little  above  230°,  it  is  decomposed  with 
explosive  evolution  of  the  nitrous  oxide. 

The  nitrosulphates  of  potassium  and  sodium  are  rather  more 
stable.  No  insoluble  nitrosulijhates  have  been  formed ;  they  give 
no  precipitate  with  baryta  water.  The  nitrosulphates  of  the 
alkali-metals  are  neutral  to  test-paper,  and  have  a  pungent  bit- 
terish taste. 

(426)  Compounds  of  Sulphurmi^  and  Nitrous  Acids :  StdpK- 
azotlzed  Acids  of  Fremy. — A  remarkable  aeriee.  of  aalta  baa  been 
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descrjhoii  hy  Fremy  {Ann.  de  Chimie,  III.  xv,  4<iS).  fDrinod  by 
the  action  of  gulpluuvnii.  anhydride  upon  a  sohitioii  of  nitrite  of 
potiiiN-itnm  ointaining  a  large  excess  of  free  alkali.  Siilpliuroiia 
anhydride  combines  with  tJie  elements  of  nitrite  of  potiiasiiim 
aiid  vrnter  in  several  different  proportions,  and  forin-j  c:on»|>ouiida 
which  crystallize  readily,  and  in  which  neither  Hulpliuroii-*  nor 
nitron-*  :icid  can  be  detected  by  the  u»nal  te^tn.  The  soluti«»n8of 
thcj*  salts  j)nnluee,  in  solutions  of  salts  of  barium,  a  precipitate 
which  containi^  the  new  acid.  These  compounds  are  all  decom- 
jK>rtt'd  by  boiling  their  solutions,  and  ammonia  and  sulphuric  acid 
are  amongst  the  products :  some  of  them  even  experience  a  simi- 
lar <leconipo»ition  at  ordinary  temperatures. 

The  su!ijoine<l  foniinlse  will  sutticiently  in<licat.pthe  derivation 
of  these  salts  from  potash,  water,  nitrous  and  sulphurous  anhy- 
drides : — 

SulpTiazibf  of   PotOBaium  3  K,0,S,N;II,On  or  3  K^e  +  N^O.  +  S  Sa,  +  3n,e 

SulpluzaU'  '•  3K:jH,S,\,1I„0,,  or  3K-,0  +  Nj«,  +  4S»,  +  8H,e 

Sulphaiotnte  "  3  KjH.SjNjH.O,,  or  S  K,0  +  X,«j  +  5  KH,  +  3  H,0 

Sulplaminonate      "  4K.t»,S.N,H.O„  or  4  Kje  +  NjO, +  8Se,  +  3  H.G 

It  is  remarkable  that,  if  nitrite  of  sodium  be  substituted  for  nitrite 
of  [.Kpfiioium,  no  8uli»hazotised  salts  ai^j  formed.  IinU'cd,  Fremy 
WHc  unable  to  procure  any  such  compound  which  contained 
SiMJium. 

Ttui  suli»h:immoiuite  of  potassium  is  etisily  forme<l  by  mixing 
aMnjug  solution  of  sidphite  of  potassium  with  one  of  nitrite  of 
putuAsium;  the  eulphammonate  is  deposited  iu  beautiful  silky 
iieedlea. 

CoMPoiTXDS  OF  Sulphur  wrrH  Uvdrocen. 

(427)  HYnRostTLPncirto  Aoid  :  Sulphuretted  Hydrogen ;  H,9 
^•"4:  Mol.  Vol.  QQ;  or  IIS  =  IT;  Theoretic  ^>.  Gr.  MT4; 
ifhirrvM,  1'1912. — Sulphur  forms  with  hydrocen  an  important 
'.'ijinjMiund  counnonly  teriruHl  sulphuretted  hyilrogen,  but  which, 
a<it  posT.o-Jses  fet'bly  acid  properties,  may  be  more  fitly  called  hy- 
<li''>siil|)huric  acid.  It  is  formed  in  smnll  <[uantities  when  sulphur 
i- lieated  in  hydrogen  giis,  but  it  is  always  prepareil  for  use  by 
tlecomposing  one  of  the  metallic  sulphides  witli  nn  acid. 

Pri'.fhtrtifMn. — 1.  For  orrlinary  purposes,  about  half  an  ounce 
of  sulphide  of  iron  (FeS),  in  small  fniginunts,  is  ])laeed  in  ii  bottle, 
wid  ill  decomposed  in  the  cohl  by  aii  ounce  of  sulphuric  arid  di- 
luted with  tl  or  8  times  its  bulk  of  water;  gas  is  imtncdiately 
t  riiii.d  in  abundance:  the  iron  and  hydrogen  change  jdaces,  the 
'-iilliluite  of  iron  is  dissolved  in  the  act  of  formation,  and  sulphur- 
ettal  hydrogen  is  evolved;  PeS-|-H,S(^.  =  lI,S  +  FcSt>.. 

The  gas  whieli  is  procured  iu  this  mntmer  is  comnnndy  con- 
taminated with  free  hydi-o";en,  because  the  sulphide  (»f  iron  often 
Miitmns  a  portion  of  metallic  iron  disseminated  through  it.  Fig, 
•'•")  sho\vs.  a  convenient  method  of  mounting  an  a[>]niratu3  for 
[ii^oiigjiglng  a  continuous  currfot  of  the  gas  from  sulphide  of  iron. 
Till'  Cork  through  which  the  tubes  pass  is  not  fitted  at  once  into 
tbe  bott}e,  Bor  c,  bat  is  made  to  &t,  as  at  rf,  into  a  piece  of  SlOMt 
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glass  tube,  opeu  at  both  euds,  suoh  as  is  shown  in  tig.  307 ;  thia 
tube  is  ground  so  as  to  close  the  uet'k  of  tlie  buttle  air-liglit, 
like  an  ordinary  stopper.     The  apparatus,  which  re<iuires  to  be 
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frcr|ueiitly  diemonnted  in  order  to  be  charged  afresh,  may  thus  lift 
kept  ill  a  serviceable  ooiiditiou  without  tlie  trouble  or  loss  of  tiuii 
consomieiit  on  the  frei|iient  renewal  of  the  corks,  which  would  U 
needed  unless  this  expedient  were  adopted.  The  various  small 
tubes  lire  cotuiccted  together  by  long  pieces  of  vulcanized  caont 
chouc  tubing. 

2. — When  the  gas  is  required  in  a  state  of  purity,  1  part  ol 
powdered  iiul]>iiide  of  antimony  is  sul»stituted  for  the  sulpnide  oi 
iron  :  in  tlii-i  case  it  is  necessary  to  employ  li  or  -t  parts  of  liydro 
cddoric  acid  of  sp.  gr.  l-l,  and  to  apply  a  gentle  heat  to  the  mi 
ture ;  tJie  apparatus  may  then  be  arranged  as  in  fig.  308.     In  eithi 

case  the  gas  requires  ti 
Fio.  308.  be  washed  bclore   coi 

lecting  it,  in  order  ti 
renaove  any  particles  a' 
the  acid  or  of  the  me 
tallic  salt  \vhich  ma_ 
have  been  carried  ove 
■with  it  in  mechanica 
suspension.  As  tin 
componnd  of  antimon' 
■with  suliiliur  is  a  seqnl 
sulphide  (Sb,S,),  1  ator 
of  it  requires  G  atoms »»; 
liydrochloric  acid  foi 
its  decompf^ition,  an) 
furnishes  2  atoms  ol 
terchloride  of  antimon^ 
and  3  of  sulphurettoJ 
hydrogen  :  Sb,S,  +  0.  IIC1=2  SbCl,  +  3  H,S. 

I^/vpc'rt!e^. — Hydrosnlphuric  acid  is  a  Irw^yatent  coloiirl 
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,  of  a  disgusting  ndur,  rosembling  that  of  rotten  egga.     It  ia 
ilv  poisonous  when  re«])ired  in  a  concentrated  form,  and  even 
diluted  with  from  600  to  1200  times  ita  bulk  of  »ir  is  rnp- 
iillv  fatal  to  the  lower  animals.     It  is  inflamniable,  and  burns  with 
'  ■,  bluish  dame,  depositing  sulphur  if  the  supply  of  air  he 
icnt  for  complete   combiiritidn.      If  transmitteil   through 
tul>ef  liestted  to  full  redness,  it  is  partially  decomposed  into  nuljihur 
ml  free  hydrogen.      Its  den-sity  a  little  exeeeils  that  <»f  wtmo- 
gpbevie  air,  100  cubic  inches  weighing  I'ather  more  than  3S  grains. 
Compdtntion. — The  proportion  of  hy<lrogen  in  a  given  vulumo 
of  the<iai^  may  be  ascertained  by  heating  some  granulate<l  tin  in 
ssiniill  retort  filled  withftulplmretted  hydrogen  and  inverted  in  a 
v*seliif  mercury:  the  sulphur  combinos  with  the  tin,  whilst  the 
S''n  whicli  remains  occupies  when  cold  the  same  s]>ace  aa 
.  1-*  before  it  was  decompose*!.*     In  sulphuretted  hydrogen, 
1  vuiuine  of  sulphur  vapjur  and  2  vitluiiiesot  hydrogen  are  there- 
fore wndensed  into  the  space  of  2  volumes,  and  the  composition 
of  the  gas  may  be  thus  represented : — 


By  welcliL 
Sii'phur  ...  S    =33    or    94'12 
Hydrogen..  U,  -    2  5-38 


By  vol.  9p.  tt 

\     or     0'6  =  riOfi 
2  ]-0  :=  OOiW 


H,i3  =  34 


lOO'OO 


2 
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Snlphnrons  anhydride  and  sulphuretted  hydrogen,  in  the  pre- 
Dce  of  moisture,  decom])ose  each  other,  half  the  o.xygen  of  the 
ll|tliiiroii9  anhydride  nniring  with  the  hydrogen  of  the  sidphu- 
ittwl  hydrogen,  water  and  peiitathionic  acid  (423)  being  formed, 
liilst  sulphur  is  deposited.  For  complete  decompositron,  equal 
domes  of  sulphm-etted  hydrogen  and  of  sulphurous  anhydride 
obIJ  be  requisite;  10  S^,-f  lu  ]I,S=5  S,+  8  II,0  +  '2  HA^.- 
.lariro  proportion  of  the  sulphur  thus  deposited  is  in  the  electro- 
'sitivi!  torm  (408),  and  is  iiisohible  in  bisulphide  of  carbon.  It 
olmhle  that  a  large  proportion  of  native  sulphur  has  been 
sited  from  the  gaseous  form  in  consecmence  of  tliia  reaction. 
Hylrosulphuric  acid  is  also  immediateJy  decomposed  by  chlo- 
Be, bromine,  and  iodine;  sulphur  being  precipitated,  an<l  hydro- 
hydrobromic,  or  hydriodic  acid  being  formed  by  the 
?.n,  whicli  combines  with  one  or  other  of  the  elements 
tive  mentioned. 

Under  a  pressure  of  about  17  atmospheres,  sulphnretteil  hydro- 
is  reducible  to  a  colourless,  extremely  mobile  liqnid,  whicli, 
ling  to  Hegnault,  boils  at  — 7y"2''  ;  it  freezes  to  a  transpm-ent 
at  a  teinjverature  of — 122°. 
Water  at  33°  dissolves  4'37  times  its  bulk  of  sulphuretted 
ogen;  3-23  times  its  bulk  at  59'',  and  2-6t!  at  75''  (Bunsen). 
)  solution  is  feebly  acid,  and  has  the  smell  and  ta.ste  of  the  gas. 
ben  exix>sed  to  the  air.  this  solution  be<;orncs  milky;  tlie  hydro- 
"  is  slowly  oxidized,  torming  water,  and  the  sulphur  is  sepa- 

amin  cannot  V>e  employed  insstead  of  tin  in  this  caae,  because,  thouf^h  It 
)  the  gas,  the  Bulphide  of  pota.asiiiiii  M-bich  is  formed  eaters  iuto  Qocabl 
I  avother  portion  of  the  gas  witliout  c/ecDoipoeiug  it. 


i 
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rated.  Iftlio  oxidation  of  sulijhuretttKl  hydrogen  takes  place  in  a 
moist  atrno^jihcro,  a  little  sulphuric  acid  is  formed,  and  tuis  action 
is  favouri'd  by  the  presence  of  a  baae  to  combine  with  the  newly- 
fomied  acid. 

Sulphuretted  hydrogen  is  formed  spontaneously  under  a  variety 
of  cii"euiii.sta>U!ts.  AVlienever  a  suluble  sulphate  remains  in  con- 
tact with  decaying  animal  or  vegetable  matter,  the  sulphate  loe« 
oxygen,  which  combines  with  the  elerueiits  of  the  decaying  6ut>- 
Btance,  wliiliit  sulphide  of  tlie  metal  remains ;  one  atom  of  gnl- 
phate  of  calcium,  for  exam]>le,  by  tlie  abstraction  of  4  atoms  of 
oxvgen,  Iwcomes  converted  into  sulphide  of  calcium ;  thus  tTaSO 

— 2e,=eas.  • 

In  this  way  soluble  sulphides  are  forme«l  in  many  epringa, 
such  as  tliOrte  of  Ilarrogate,  giNnng  to  them  their  peculiar  sulpliu- 
reous  odour;  and,  in  a  s^)mewhat  similar  manner,  sulphuretted 
hydrogen  is  generated  in  large  quantities  in  stiignant  sewers  and 
ceaspools. 

The  siilphides  thus  formed  are  readily  decompose<l  by  actdii, — 
even  the  carl)onic  acid  ahsttrlied  from  the  atmosimere  being  suffi- 
cient ti>  caUAe  the  expulsion  of  sulphuretted  hydrogen,  and  in  this 
way  to  occjisiou  the  odour  observed  on  exjioeiug  such  compounds 
to  a  (hiinp  air. 

(4'iS)  Hydrosiilphatea^  or  Sulj>fi i^left. — llydrosulphuric  acid, 
tlioiigh  a  feeble  acid,  combines  readily  with  bases :  for  example,  il 
the  gas  be  transmitted  iiito  a  solution  of  potash  or  solution  of 
ammonia,  it  is  rapidh"  absorbed,  hydrosulpliate  of  pot!*sh,  K,0, 
1I,S,  <»r  hydrosulphate  of  ammonia,  (I:I,IS  ),H,S,  being  foriiied. 
8ucli  solutions  are,  h<.>wcver,  generally  regarded  as  sidphides  of 
the  metals,  l)ecau.se  the  hydroijen  of  the  aei«l  is  exactly  e(juivalent 
ti>  the  oxygen  of  the  base,  and  is  capable,  as  in  the  analogous  case 
of  the  chlorides,  of  fonning  water  and  a  metallic  suli>hide  :  tor 
example,  iiydrosulphate  of  potash  (K,0,II,S)  nu^y  be  regarded  as 
Bulphi<k^  of  potiu^iiium  and  water,  or  as  K,S+II,0.  Moreover,  the 
action  of  sulplniretted  hydrogen  in  cases  in  which  it  occasions  a 
precipitate  iu  the  solution  of  a  metallic  salt,  consist.-^  in  the  forma- 
tion of  an  insohible  metHllic  sidphide:  when,  for  instance,  sulphate 
of  cop])er  in  solution  is  treated  with  suljihuretteil  hydrogen,  an 
abumumt  black  precipitate  of  suljOdde  of  cuiiper  is  prodiiceu,  water 
is  formed,  and  the  liipiid  becomes  acid  from  the  lil)eniti(in  of  sul- 
phuric acid ;  OuSO,4-ll,S-|-xH,0=Il,!?.0.-|-euS,rII,0.  Alar^e 
number  of  the  metallic  sulphides  when  thus  formed  combine,  it  is 
trucj  with  water  at  the  moment  of  their  precipitation. 

Sulpliuretted  hydrogen  is  in  continual  requisition  in  the  lalKh 
ratory  as  a  test  for  the  discovery  of  metallic  bodies :  it  gives  cha- 
racteristic precipitates  with  many  metallic  salts ;  for  instance,  with 
the  compounds  of  lead  it  gives  a  black,  with  those  oi'  ai-seiiic,  a 
yellow,  and  with  those  of  antitnony  an  orange-coloured  preeipitate. 
Many  metallic  solutions,  such  as  those  of  zinc,  iron,  and  manga- 
nese, when  acidulated,  yield  ni»  precipitate  M'ith  it :  and  it  is  there- 
fore commonly  employed,  in  the  couree  of  analysis,  to  separate 
tJwse  metals  from  others  which  are  thrown  down  by  it  in  the  form 
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in»<iliible  sulphides.  For  this  purpofic  a  current  of  tlie  gas  U 
traii?iiiitte<l  through  the  solution  on  which  it  is  dofisneil  to  act. 
In  the>e  eases  it  is  always  necessary  to  purify  it  from  particles 
held  in  incchanieal  suspension,  and  carried  over  by  the  etier- 
Tescence  of  the  materials  employed ;  it  is  therefore  hrst  allowed 
to  bubble  up  through  a  layer  of  water  in  a  Woulfe's  bottle  inter 
posed  betwecTi  the  generator  and  the  liquid  to  be  submitted  to 
Its  action,  as  shown  at  c,  fig.  3(>(i. 

When  the  attraction  between  a  metal  and  tlie  radicle  of  an 
Bcid  is  too  great  to  be  overcome  by  the  action  of  hydrosulphnrio 
acid,  the  sulphide  may  notwithstanding  be  obtained,  provided 
that  an  alkali-metal   be  simultaneously   presented  to  the   acid 
radicle  of  the  metallic  salt ;  this  may  easily  be  etfected  by  mi.xing 
asolable  sulphide  with  the  salt  to  be  decomposed: — if  sulphate 
of  iron  iPeSOj  be  e.xposed  to  a  current  of  sulphuretted  hydrogen 
it  will  experience  no  change ;  but  if  rai.xed  with  a  solution  of  sul- 
phidii  of  potassium,  a  black  precipitate  of  hydrated  sulphide  of 
mm  ( FeSiJ-HjO)  is  immediately  produced,  while  sulphate  of  potaa- 
finiii  is  formed  in  the  solution  :  FeSO<  -f-  K,S,irH,0  =  K,S0,+ 
FeS,rH,0.     The  sulphides  thus  formed  are  very  commonly  hy- 
drated compounds :  when  exposed  to  the  air  in  their  moist  con- 
dition, many  of  them  absorb  oxygen  rapidly;  solutions  of  the 
dlkfiline  sulpliides  have  indeed   been   employed   for   absorbing 
oxTsren  from  gaseous  mixtures.     The  results  of  oxidation  vary, 
jonie  Ix'ing  converted,  like  sulpliide  of  ni^-kel,  into  sulpliato; 
?»LS,j^ILO-H20,=N^iSO-,-i-i?Ii,0:  whilst  others  are  simply  con- 
verti'd,  like  sulphide  of  iron,  into  free  sulphur  and  the  metallic 
oaMe:  4  FeS,3-H,e  +  3  O,  becoming  2  Fe,0„;cn,e  -t-  2  S,. 

Hydrt>sulphuric  acid  is  usually  stated  to  have  a  strong  dispo- 
sition to  combine  with  the  soluble  sulphides,  to  form  detiiiite  uom- 
pi^nnds  with  them.  These  compounds,  however,  are  most  easily 
represented  by  regarding  them  as  double  sidphides  of  the  mctsu 
and  hvilrogen,  intermediate  between  the  hydi"03ulphiu-ie  acid  and 
the  ordinary  sulphide— 6\y. : — 


Hydraul- 
phniic  add. 

HHS 


HTdrtMnlph. 
nilpb.  palm. 

KHS 


Snlphlde  of 
poUmlnm. 

KKS, 


corresponding  with  the  compounds  in  the  oxygen  series  indicated 
by  the  formuloe : — 


Water. 


HHe 


Hydrate  at 
potuh. 

KHe 


To  this  class  of  double  sulphides  belongs  the  ordinary  test-liquid 
(II.NHS),  which  is  used  in  the  laboratory  under  the  incorrect 
ittwe  of  hydrosulphate  of  ammonia.  These  corapounda  emit  a 
ftmng  odour  of  sulphuretted  hydrogen,  and  when  decomposed  by 
*  tnetallic  6.alt,  the  hvdrosulphiiric  acid  is  set  at  liberty;  fiir 
eample ;  2  n,NHS  -h  MnSO,  =(II,N),Se, + MnS + H,S.     T\i» 
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evoluticm  of  eulphurotlc'd  hvdi''»g<?ii  distinffuifiLes  tiicni  from 
hiuiplu  8ulplu<le&.      No  biioli  double  sulphides  are  foruied 
livdrofffii  ami  the  bicquivalent  metals,  such  as  thost-  of  the  et 
propel'  and  of  tlie  iron  groupi?. 

Many  of  the  hydrohulphates  and  Pidphicles  are  easily  detectedl 
by  the  odour  of  sulphuretted  hydrogen  whieh  they  evolve  whoQ] 
jmustened  with  hydrochloric  acid.     A  verv-  iniuute  trace  of  the 
^as  may  be  detected  by  eiielosiiig  a  piece  of  paper  moistened  with 
a  solution  of  aeetate  of  lead  Lu  tlie  upper  part  of  the  tube  or 
vctiiwl  in  which  the  suspected  sulphide  has  been  mixed  ■w'ith  acid; 
if  sulphuretted  hydrogen  be  evolved,  a  brown  or  black  tinge  iic- 
eurg  ujjoii  tlie  jiaper  after  the  lapse  of  a  few  minutes,  owiufr  to  the 
fitrmatiou  of  pulpliide  of  lead.    Ihe  proportion  of  free  sulphuretted 
hydrogen  or  of  a  soluble  siilphide  in  auy  solution,  may  he  aa-n- 
rately  deteniiined  by  mixing  the  liquid  to  be  tested  with  a  small 
quantity  of  a  cold  solution  of  starch  slightly  acidulated  with  acetic 
acid,  and  adding  a  standard  solution  of  iodine  dissolved  in  iodide 
of  potassium  until  the  starch  assumes  a  blue  tint  ti-om  the  action} 
of  excess  of  iodine;  in  this  reaction  the  sulphuretted  hydrogen  I 
converts  the  iodine  into  hydriodic  acid,  whilst  the  liquid  becomes 
milky  from  the  separation  of  sulphur;  2lI,S  +  2  I,=4  Hl  +  t?,. 

Tiiices  of  solultle   sulphides  may  be  detected  in  neutral  or 
alkaline  solutions  by  the  magniticent  purple  colour  which  they 
form  on  tlie  addition  of  a  solution  of  the  uitropnisside  of  sodium.  I 
"VVhon  heated  before  the  blowpipe,  most  of  the  sulphides  emit  tha] 
udonr  of  sulphurous  auhvdrldu  (535,  636). 

(42'J)  PEusrLiMUDK  OF  n^n)KooEN  (H,S,?  or  H,S.?):  Sp.  GrJ^ 
of  Liquid,  1-7(10. — In  <ii"der  to  procure  this  compound  it  is  u^ual 
to  begin  by  prepai'iiig  a  i>er:^ul]>hide  of  ealeiiuu  (t^aS^),  which 
may  be  obtained  Ijy  boiling  e<ni:il  weights  of  slaked  lime  and  pow- 
dered sulj>liiir  in  water;  persulphide  of  calcium  mixed  with  a  cur- 
responding  amount  of  hyjiosulpliite  of  calcium  is  formed,  and  enters 
into  solution  ;  3eaeH,'e+GS,=eaS,H,e,  +  2eaS.+2H,e:  the 
undissolved  sidphur  is  separated  by  tiltration.  On  allowing  the 
deep  yellow  liquid  to  fall  mto  liydroeldoric  acid  diluted  with  twice 
ita  bulk  of  water,  aufl  gently  warmed,  pei'snlphide  of  hj'drogen 
subsides  as  an  oily  liquifl,  having  a  smell  and  taste  resembling 
that  of  hytlrosulphuric  acid:  it  bums  with  a  blue  flame.  In  many 
of  its  proj^erties  it  presents  a  striking  analogy  with  peroxide  of 
hydrogen  (485) ;  it  possesses  bleaching  powers,  is  very  prone 
to  spontaneous  decomposition  into  sulphur  and  sulfmuretteil 
hydrogen ;  it  is  rendered  more  etable  by  the  presence  of  acids, 
and  is  iiiiinediately  decomposed  by  alkalies.  Tne  latter  circnm- 
stance  renders  it  neceisfiary  in  preparing  this  compound  to  add  the 
sulphide  of  cftlcium  to  the  acid,  not  the  acid  to  the  j^ulphide,  which 
would  be  attended  with  an  escape  of  hy<lrosuljiliurio  acid  and  a 
precifiitation  of  finely  divided  sulpliur.  The  sulphur  which  ia 
precipitated  in  this  manner  from  im  alkaline  persulphide  was  tor- 
merlv  employed  in  metlicine  under  the  term  of  hic  sulph  uris. 

Oxides  of  manganese  and  silver  decompose   persulphide   of 
Jijdruij'en  by  mere  contact  with  the  li<^inid^  producing  a  violent 
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<-n*-rs'e:K!eiicc,  owing  to  the  (H^engiigoment  ofsul]>liuretto4l  livlro- 
:  '1.  Perriiilpliiile  <>t'  liytlroiren  <lissi>lves  sulj»hur  freely,  aini  lienco 
•  ►■^ition  is  not  certainly  known,  since  a  portion  uf  rtiilj)hnr 
I  iVtitii  the  liypotiiiljiliitti  of  ealeiiini  formed  in  jH'ciniring  the 
&iiliihi<.le  ("f  calcium  ii*  tiiwavA  })reei]>itated  along  with  tlie  pei-snl- 
phide,  and  becomes  dissolved  in  the  liquid  obtained,  which,  owing 
to  itji  iiLstability,  cannot  be  purified  by  distillation. 

(+;W)  Bi.snLPHiDE  OF  Cajcbon  :  Sulphocarhonic  ^tf//f  ("€§,=70) 
Sp,  (rr.  of  Li^piid,  1-272  at  C0°  ;  of   Vapour,   Theoretic,  2-fJ26; 
OhDen^d,   2-0>447;    Md.  Vol.  VV\\  BoiUng-pt.   118-5°.— This 
c)iuptiua<l  may  be  prepared  by  neating  fnigments  of  charcoal  to 
bright  redrieis  in  an  earthen  retort,  furnished  withatubulureinto 
which  i>  luted  a  porcelain  tube,  passiiiff  nearly  to  the  lR>ttom  of 
the  retort :  the  tube  is  provided  at  it*  upper  extremity  with  a 
cork.     Fr«jm  time  to  time  this  cork  is  withdi-awn,  and  a  fragment 
uf  «nlphur  is  droppcil  into  the  retort ;  the  cork  istiien  immediately 
replaced,  the  sulphur  melts^  and  is  converted  into  vapour;  at  this 
eluvate^l  temperature  the  carbon  eombinea  with  it,  uud  the  bisul- 
phide thus  obtained  may  be  condensed  in  ves-sels  properly  cooled. 
It  Lj  now  manufactured  on  a  very  large  scale,  both  in  this  country 
and  in  France,  by  the  use  of  suitable  ajiparatus  cunstrHcte<i  on 
thi«  principle,  the  vapour  of  sulphur  being  di-ivcn  over  glowing 
CL'ke.    It  is  yellow  when  first  ftjrmed,  and  contains  an  excess  oi 
eulphur ;  but  by  redistillation  it  may  be  obtained  in  a  state  of 
pnriiv.    It  is  a  very  volatile,  colourless  liquid,  of  high  refracting 
power,  of  an  acriii,  pungent  ta;5te,  and  a  fwtid,  peculiar,  sulphur- 
(iiii  otlour.     It  is  heavier  than  water,  in  which  it  is  insoluble,  but 
iti»  frcvly  soluble  in  ether  and  in  alcohol,  as  well  'a»  in  the  fi.xed 
wiJ  volatile  oils  ;  when  its  vapour  is  breathed,  it  produces  great 
depression  followed  by  coma.     Bisulphide  of  carbon  has  never 
liidiorto  been  frozen ;  hence  it  has  been  employed  sometimed  in 
the  instruction  of  thermometers  destined  to  measure  very  intense 
degn?e?  of  cold. 

The  vapour  of  bisidphide  of  carbon  is  very  poisonous,  and 
hence  raucn  care  is  requisite  in  preventing  its  escape  into  the 
apartments  in  which  the  work-people  are  engaged.  A<1  vantage 
has  been  taken  of  this  poisonous  property  to  free  grain  inft^ted 
with  weevils  from  the  insect ;  a  small  quantity  of  the  bisulphide 
enclosed  in  a  tight  chamber  witb  the  grain,  in  a  few  hours  kills 
btjth  the  larvje  jind  the  eggs  (Doyere),  and  does  not  injure  the 
/rain ;  on  exposure  to  air  the  bisulphide  quickly  evaporates. 
In(l(H*<l  the  applications  of  tlie  bisuljihide  in  the  arts  are  very 
iiiiineruus,  ana  are  of  growing  iinptirtimce. 

liisulphide  of  carbon  is  highly  inflammable  ;  when  its  vapour 
is  mixe<i  with  hydrogen  or  carbonic  oxide  it  takes  tire  below  420° 
(Frankland).  It  burns  with  a  blue  flame,  producing  gaseous  sul- 
phurous and  carbonic  anhydrides.  It  dissolves  sulphur  freely, 
«n(l,  by  spontaneous  evai)oration,  leaves  it  in  rhombic;  fictohedra. 
Phosphorus  is  also  freely  dissolved  by  it,  and  may  be  olitained  in 
crystals  from  the  solutiou  by  slow  evaporation.  Iodine,  bromine, 
fuid  chlorine  nre  likewise  re&dily  dissolved  by  the  bisul^Mde  oj^ 
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carbon.  It  i,s  one  of  the  best  solvents  of  caoutchouc  ;  it  rnav  1 
substituted  for  ether  as  a  solvent  for  some  of  the  organic  bases, 
and  it  has  been  used  on  a  very  large  scale  by  Deias  aa  a  solvent 
for  extracting  oils  and  fats,  as,  for  example,  in  economizing  the 
last  portiniis  of  olive  oil  letY  in  the  jiiilji  ot  the  fruit  after  presaure. 
Bisulphide  of  carbon  otlei's  one  of  the  beet  illustrations  of  the 
analogy  in  properties  between  oxygen  and  sulphur;  an  analogy 
wbieb,  though  far  fruni  being  so  complete  as  that  of  the  ditl'ereat 
halogens  with  each  other,  is  yet  in  some  respects  of  a  striking 
character.  It  is  to  be  remarked  that  suljihur  is  the  only  non- 
metallic  element  exeejiting  oxygen  with  which  carbon  cau  be 
ea-sily  cauni=d  to  unite  ilirectly.  The  compound  of  carbon  and 
sulphur  so  ubtiiined  ati'ords  a  good  instance  of  the  class  of  com- 
binations which  Berzelius  hi\s  called  Hulvhur-uciih,  these  sub- 
stances possessing  the  power  of  uniting  witli  the  sulithides  of  the 
basic  metals,  anu  forming  with  them  tsutjpfio-salts^  corresponding 
in  composition  to  iinatogous  palts  which  contain  oxygen: — Bit>ul- 
pliide  ot"  ciirlioii,  tor  example,  may  be  regarded  as  the  analogue 
of  carbunie  anhydride  ;  it  contains  2  atoms  of  eidphur  in  the  place 
of  2  atoms  of  oxygen,  the  composition  of  the  compound  being  the 
following : — 

By  weight.  Bjr  toL  8p.  gr. 

CRrbon €     =     12  or  15-79     2?  or  10     =     0*4146 

Sulpliur.... S,    =     64       84-21     2         fO     =     2-211V 


^'"Si?**^}"-^'  76      lOOOO     2         1-0     =     2-02G3 


* 
* 


It  combines  with  the  sulphideB  of  tlie  alkaline  metals,  forming  a 
species  of  salts  which  arc  called  (ntlpfnH:arhiynaks,  such  for  in- 
Etance  as  the  sulpho-carbonate  of  potassium  (K,OS,),  which  con- 
tains 3  atoms  of  sulphur  in  the  jdace  of  the  3  atoms  of  oxygen  iu 
the  corresponding  carbonate,  K,tr0,.  The  soluble  sulph«>-carbo- 
nates  arc  easily  converted,  by  boiling  their  aqueous  solution-s,  into 
carbonate  of  the  metal ;  water  being  doconiposed  whilst  an  evolu- 
tion of  sulphuretted  hydrogen  takes  place  ;  for  example  : — 

K,es.  -f-  3  ji,o=K,ee. + 3  h.s  ; 

and  a  similar  deeomijosition  takes  place  slowly  in  the  aqueonaj 
solution  at  onliiiarv  temperatures.     The  snlnht-carbouates  when] 
deconi]>usfd  by  hydrochloric  acid  fonn  a  yellow  oily  liquid,  con- 1 
taining  the  elenients  of  bisulphide  of  carbon  and  sulphuretted  hy- 
drogen ;  for  instance  ; — 

K,€S.  -I-  2  IICl =H,eS, + 2  KCT.  ^ 

Solutions  of  the  aulpho-earbonatee  of  the  alkaline  metals  give  a 
brown  precipitate  with  solutions  of  the  salts  of  copper :  they  yield, 
with  dilute  solutions  of  nitrate  of  silver  and  of  corrosive  sublimate, 
yellow  precipitates  ;  and  with  salts  of  lend  they  give  a  red  precipi- 
tate. AH  these  precipitates  Vilaeken  more  or  less  si>cedily  when 
kc'pt,  owing  to  their  conversion  i]ito  eulidtidcs.  Aqueous  solutiona 
of  the  hydrated  alkalies  gradually  discolour  the  bisulphide,  and 
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form  a  brown  liquid  contaiain^  carbonate  and  snlplio-carbonate  of 
the  metul ;  for  example : — 


6KHe+3es,=K,eo,+2K.es,+3  H,e. 

(431)  Chlobiue  or  SrtPHtm  (S,C1,=135;  Mol.    Yd. 


I' 


or  S,Cl=:67-5) :  i!^.  Gr.  of  Liquid,  1-68  ;  of  Vapour,  470 ;  Boi 
ina-pt.  280°.— Chkiriue  aud  eulpliur  form  two  couipounda  with 
each  other;  they  combine  gradutillyat  common  temperatures,  but 
if  heated  together  the  union  is  lajud.  In  preparing  the  chloride 
of  sxilphur,  the  arrangement  ghown  in  Fig.  3ut>  maj  be  adopted,. 


Fio.  309. 


in  which  a  steady  current  of  washed  and  dried  chlorine  is  directed' 
towanls  the  bottom  of  a  retort  containing  melted  sulphur;  the 
resnltincr  chloride  must  be  collected  in  a  perfectly  dry  receiver,. 
kept  cnol :  it  may  be  purified  from  excess  ot  chlorine  by  redistilla- 
tion from  powdered  sulphur ;  a  yellow  volatile  liquid,  of  penetrat- 
ing, peculiar,  and  disagreeable  odour,  is  thua  formed.  It  emite- 
finnes  on  ex]josure  to  the  air,  owing  to  its  action  on  the  atmo- 
sjiberic  moisture.  Wlien  dropped  into  water,  it  falls  to  the  bottom,, 
wd  is  slowly  decomposed  into  hydrochloric  and  sulphurous  acids, 
mixed  with  some  of  the  polythioiiic  acids,  and  free  sulphur  in  the 
electro-positive  form.  It  acts  powerfully  on  mercury  when 
briuifht  into  contact  with  it,  ana  dii^solves  sulphur  freely  ;  with 
ammonia  it  combines  in  two  proportions,  forming  the  compounds- 
2  H,N,S.C1„  and  4  H,N",S,C1,.  An  oxychloride  of  eulphur  (S,C1, 
0,)»  is  obtained  in  crystals  by  transmitting  moist  chlorine  through 
tlie  chloride. 

•  Two  other  ory chlorides  of  sulphur  are  also  known,  one  the  chloride  of  thionyl 
(8Wlj)  correspotiJing  to  sulphurous  anhydride  in  which  one-half  of  the  oxygen  is 
^kotd  by  chlorine.    Jt  is  a  oolourlces  liquid,  which  boils  at  17 9 '6°,  and  is  obtamcd 
J2 
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Bichlorhh  of  Su/jJnrr  (SCl,=ld3:  Sp.  Gr.  rf  Li,;„ui,  v(A 
may  be  formed  by  suturiifiii;j:4lie  prwediiijx  eouipoiuiuwith  rlikv 
rine  ;  it,  tft  a  tleep-rt>d  liquid,  Mhicli  t'unies  struni»lv  in  the  air,  anc 
is  decompiD^ed  in  the  direct  rays  of  thegiin  iut<n<hlorideof  *>ulplii 
and  fi-ee  cidorine.  It  is  jiiirtially  deeoniposed  by  boiling  it. 
Cariiis,  in  his  elaborate  examination  of  these  compounds  (Ziw»y4 
AtnniJ,  cvi.  291),  even  denies  its  existence  an  a  gfj)ftrnte  bodv,  re- 
garflinn;  the  red  liquid  as  a  niixtnre  of  the  chloride  witli  a  Lighet 
cldoride  of  sulphur  (i'^Cl,)  not  yet  isolated. 

The  hrinitidm  iif  sulphur  art-  litjiiids  unalopjons  to  the  fhlorldesj 
The  ioflld'^  <,^ili)  i*  a  crystalline,  brittle,  steel-ijfrey  solid,  but  tJi« 
compound  is  unstable  and  gradually  loses  iodme  by  exjK>8ure  t< 
the  air. 

(W"2)  iStn-PHTPE  OK  XrnjoGEX  (SN ;  Fordofl  and  Gelis,  Annu 
•d*!  C/iimie,  III.  xxxii.  3S9). — This  compound  is  obtained,  tliougU 
in  smjdl  (piantity  only,  when  chloride  of  sulphur  is  disiJolvt'<l  ii 
10  or  12  times  it?  bulk  of  bisulphide  of  carbon,  and   '  '-et 

by  a  current  of  dry  ammouiacaf  gas.     The  jras  is  tra;  till 

tthe  browTi  colour  of  the  ]>rocipitate  which  Is  fomie<l  di.-appcars  ;| 
the  yellow  liquid  is  Hltcred  irom  the  muriate  of  ammonia,  nnt" 
left  to  spontaneous  evaporation  ;  beautifid  j^oMen  yellow  rhoin-^ 
bic  crystals  of  sulphide  oi  nitrogen,  mixed  with  crystals  of  sulnUnr," 
are  speedily  fonned  ;  the  sulphur  may  be  removed  by  digeetion  in 
cold  bisulitliideof  earbfin.     The  reaction  which  attends  it.s  formn- 
ticm  i;*  very  <.< implicated,  and  has  not  l>een  comj)letely  ascertained. 
Stil|iliide  of  nitrogen  detonates  j'owcrfnlly  by  percussion,  and  ex- 
plodes when  heateil  to  314°.     It  \\n»  u  faint  odour,  adlicreo  strong- 
ly to  paper  if  nd)bed  on  it,  and  irritates  the  nmcous  nu'ndirane 
of  the  eyes  and  nose  most  painfully.     Bisulphide  of  carlwin  takcA 
up  about  ^Iff  of  its  weight  when  boiled  upon  it;  al('i>hol,  etherJ 
and  oil  of  turjientine  dissolve  it  very  sparmgly ;  water  does  nof 
dissolve  it,  but  slowly  decompose*  the  compo)ind.     Sniphlile  cf 
nitrogen  (umibinea  with  the  chlorides  of  sulphur  in  eoveral  pi 
portiune. 

§  II,  Selentum.*    Se  =  79-5,  or  Se  =  39-75. 

TiKoretic  Sp.  Gr.  of  Tajmur,  5-526 ;  Ohm-rval  ^  2590%  5*68  j 
AUnaic  Vol.  □;  Sp.  Gr.  Ori/»t.  4-788. 

(433)   Sblextfm    is  a  mythological    name  from  «x.n>^,  th« 
m«ion,  given  by  Berzeliiis  to  a  rare  elementary  body,  diiscovu 

hv  ilopoinponing  pentnohloride  of  pliosphonu  by  meona  of  dry  -  IHilfcl 

Till'  otfit'f  i\)iiHKmtiil  lin»  ftlrvtuly  1"  "'j  '1  ■scnhf  ■!  u'lii'  r  th"  P"  I  iirie' 

liriil  iSt»,{;i,\  or  .rWonV/*  »/•  '-la 

wliirti  mi  »ti«ii  nrotyg^n  |j»h  rjin. 

Til.'          1         '    ritlpB  of  Sllljifiiir  It-Ill    ^^  ilii:iTi,-ciii  f   flvlnrliMll' ---i!l|'  ""'Ij 

form  .1  '  roUtious  of  wbioh  will  b«  raiKiervii  vtriUviil  Uy  v  .  foi 

oiulje  u>  -.— 

ClJoriJo  of  thionrl Si'^'jO, 

(■|>:'ljlllil.f    OWcl'lloTllIe Bi^'iH, 

8,*».<1. 

,,.  6.o,u.a, 

•  Uoiocular  ro)tun«  of  irvt  orleuium  rtponr  (9aS»)  =  I  i   V 


BiiLicjnnt — EXTKAcno* — ?co:'mniia. 
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V  Kun  daring  the  year  1$17,  in  the  refuse  of  a  sulphuric  acid 

manufactory  near  Fahhiii.     It  derive*  its  chief  interest  from  the 

reraiirkable  analogy  to  sulphur  which   it   presents.     Selenium 

r>lwa>'s  occurs  in  corabination  ;  the  conipounus  wliich  it  forms  are 

led  selenldes.     The  native  selenides  are  very  rare  minerals, 

lie  most  abundant  of  them  being  the  selenidea  of  iron,  copper, 

wd  fiilver. 

Krtraction. — In  order  to  obtain  soleninm  in  an  isolated  form. 
the  Fahlun  eelenimn  residue  is  mixed  with  nitrate  and  carbonate 
of  potassium,  and  deflagrated ;  that  is  to  say,  the  mixture  is 
tibrovra  in  small  quantities  at  a  time  into  a  red-hot  crucible,  in 
wbicb  it  burns  vividly.  The  selenium  and  other  bodies  with 
▼hicb  it  ia  associated  are  oxidized  at  the  ex]»ense  of  the  oxygen 
of  the  nitre,  whilst  seleniate  of  potasninm  ini  prodncwl  liv  lurting  on 
tlie  disengaged  potash  of  the  nitre.  The  niajss  is  digested  in  water, 
Mulnlated  with  hydrochloric  acid  and  evaporateil  down  to  a  small 
hulk.  The  selenic  acid  is  tlins  reduced  to  selenions  acid  ;  and  the 
jBelenioua  acid,  when  treated  with  sulphurous  acid,  yields  a  preci- 
pitate of  reduced  selenium  as  a  red,  floccnlcnt,  amorphous  powder ; 

[  s  H.See, + 4  ii,so, =se, + 4  ii,se,  -I-  2  H,e. 

i*m/><T^/^;w.— Selenium  may  be  obtained  in  the  amorj)houB,  in 
tLe  ritreon.s,  and  in  the  crystalline  condition.  When  collected 
and  dried,  the  pulverulent  selenium  begins  to  soften  at  a  tempera- 
[ture  below  that  of  boiling  water,  and  at  a  few  degrees  above  212° 
it  melts;  on  cooling,  it  forms  a  brittle  solid,  with  glassy  fracture, 
.metallic  lustre,  and  deep  brown  colour,  varying  in  specific  gravity 
tfrom  4'3  to  4'8.  It  has  neither  taste  nor  smell ;  it  is  insoluble 
water,  and  is  a  non-cf»nductor  of  heat  and  of  electricity.  It  is 
dlnlile  in  oil  of  vitriol,  forming  a  green  solution  which,  when 
"luted,  deposits  unaltered  selenium.  When  melted  it  is  ductile, 
Ind  may  be  drawn  out  into  tine  threads.  The  statements  rcgavd- 
its  point  of  fusion  are  tlis(;onlant,  owing  to  its  jiower  of  exist- 
Dg.  like  sulphur,  in  several  distinct  mtMlitications.  If  it  be  iiiaiu- 
linetl  for  some  houi"?  at  200°  F. — i.e.  below  it^  melting-point-^ 
be  temperature  suddenly  rises  till  it  reaches  320°,  after  which 
be  selenium  is  found  to  have  become  granular  and  crystalline, 
lie  fiising-point  of  this  variety  is  42;^°  ( Ilittorf ).  It  m:iy  alsol>e 
btiiined  with  some  difficulty,  crystallized  in  minute  rliuinhoidal 
ism*  of  sp.  gr.  4"5,  from  its  solution  in  bisulphide  of  carbon, 
licli,  at  its  boiling  point,  dissolves  about  1  per  cent,  of  vitreous 
flenium.  If  these  crystals  be  heated  to  about  Z'^^^^  they  become 
lo.st  black,  and  increase  in  sp.  gr.  to  4' 7,  experiencing  a  mole- 
lar  change,  in  consequence  of  which  they  are  no  longer  soluble 
bisulphide  of  carbon ;  when  this  blucli  mass  is  melted  and 
iickly  cooled,  it  resumes  Its  solubility  in  this  menstruum  owing 
its  reconversion  into  the  vitreous  condition.  When  licatc^l  in 
air,  selenium  does  not  rcjulily  t;ike  tire;  It  burns  with  a  blue 
le,  but  a  portion  of  it  is  vulutilised  in  red  fumes,  emitting  an 
)ar  resembling  that  of  bisulphide  of  carbon:  this  is  probably 
to  the  formation  of  aprot*»xide  of  selenium,  whiiih,  however, 
2ot  acid.    If  heated  iu  closed  vessels,  solenium  boUs  at  a  twu- 


180  BELEKIonS   AJIHTDBIDE — SELEmTES. 

poratnre  below  a  red  heat,  and  gives  off  a  deep  yellow  vap6" 
which,  according  to  Deville  and  Troost,  is  of  »p.  gl".  S"2  at.  loSO" 
but  which  wlien  heated  to  1000°  F.  expands,  as  in  the  case  of 
Bulphur,  till  it  occupies  a  bulk  nearly  equal  to  tliat  of  an  eqaivi 
lent  of  oxygen,  when  it  has  a  sjj.  gr.  of  6-37 ;  at  2590°  it  i*  5'6J 
Tlie  specific  gravity  of  selenium  vapour  calculated  on  the  bu[ 

}>ositiun  that  it  exactly  corresponds  with  the  volume  of  an  equivj 
ent  of  oxygen  is  5'526.  The  vapour  condenses  in  red  flowers  ut 
m  opaque  metallic-looking  drops.  Selenium  forms  with  oxyt 
two  compounds,  which  when  acted  on  by  water,  furnish  acid* ;] 
the  first  corresponding  with  sulphurous,  and  the  second  with] 
6ul])hiiric  acid. 

(434)  8KI.ENIOU8  ANHTDRrr)E,(SeO,=lll"5  ;  Theoretic  Sp.  GrA 
of  Vapour,  o-H4iQ;  Observed  4'0'i;  3fol.  Vol.  |    |    j,)  may  be  ob-i 
tained  liy  buriiinw  selenium  in  a  current  of  oxygen,  but  it  is  usually  ] 
prepared  by  boiling  selenium  %vith  nitric  acid  or  with  aqua  regia. 
The  selenium  is  gradually  oxidized  ami  dissolved  ;  the  excess  of 
nitric  acid  may  be  expelled  by  heat,  leaving  the  selenious  anhy- 
dride as  a  white  mass,  which  does  not  melt  on  further  urging  the 
heat,  but  sublimes  l»clo\v  redness,  forming  a  yellow  vapour,  and 
condensing    again    in    beautiful   snow-white   prismatic   needles. 
The  crystals  are  deliquescent ;  their  aqueous  solution  is  strongly  _ 
acid,  and  has  a  sour  Imrning  taste.     Selenious  acid  (H,SeO,)  ind 
6i>hition  is  speecbly  deoxidized  by  iron  or  by  zinc,  either  of  which, 
when  digested  in  the  liquid,  occiisions  the  deposition  of  selenium 
in  the  form  of  a  rcddish-bnnvn  powder.     A  solution  of  sulphurous 
acid  abo  readilv  reduces  sek'niuiu  from  the  acitl. 

SdmiteH. — Must  of  the  seletiites,  except  those  of  the  metala 
of  the  ulksilies,  are  insoluble  in  water,  but  soluble  in  nitric  acid. 
Witii  the  alkaline  metals  three  classes  of  salts  may  l»e  formed: 
noniial  scleiiites,  with  the  general  formida  M,Se0,.  like  selenite 
of  sodium,  Na,SeO, ;  acid  selenites,  with  the  general  fomiuia 
MII,SoO„  like  acid  selenite  of  sodium  (XaIISef>,.  H.O);  and 
hyperacid  selenites.  with  the  general  fonrnda  MTl,  2  St^„  like 
quadri selenite  of  sodium  2  (Nail,  2  SeO,)  II,0.  The  selenites  are 
easily  recognised  when  heated  on  charcoal  liefure  the  bluwpijK>  iu 
the  reducing  tlaiiie,  by  the  }>eculiar  odour  of  selenium  which  they 
emit;  the  selenites  in  solution,  when  treated  with  sulphurous 
acid,  give  a  reildish-brown  precipitate  of  reduced  selenium. 

(435)  Sei.enic  Aero  :  H,SeB,=  145-5. — The  anhydride  of  fliia 
acid  is  not  known.  Tfie  acid  itself  is  best  obtained  in  solution 
by  deflagrating  selenium  or  any  selenite  with  nitre;  the  residue 
is  dissolved  in  water,  and  mixed  with  a  solution  of  nitrate  of  lead; 
an  insoluble  seleniate  of  lead  is  prccijdtated,  and  this,  if  sns{>ended 
in  water,  mav  be  decomposed  by  a  current  of  sulphuretted  hydro- 
gen. Sulphide  of  lead  is  thus  formed,  and  selenic  acid  is  set 
at  liberty;  PbSeO.  +  H,9=U,SeO,-fPbS.  The  acid  may  be 
separated  by  filtration,  and  concentrated  by  evaporation  till  it 
has  a  specific  gravity  of  2"t5;  if  heated  beyond  550°  it  is  decom- 
posed into  selenious  anhydride,  water  and  oxygen.  Selenic  acid 
dissolves  iron  and  zinc  with  evolution  of  hydrogen*,  it  also  attacks 
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copper  and  even  goM,  if  boiled  unuu  tliese  mettilfi,  which  ara 
oxiilized  at  the  expeas*  of  thit  a<;i«I,  selcninufl  aeid  beiiifj  <Ji.seii- 
gSLjed;  platinum  is  not  attacked  hy  it.  Sulphnrous  acid  is  with- 
out etfect  ui>on  wleuic  acid,  but  uydrochloric  aeid  dwrotiiposea 
it  when  heated  with  it,  chlorine  and  seleiuous  acid  Iwing  lilwir- 
ated  ;  H,See,  +  2  IICl  =  II,See,  +  H,e+CI..  Selenic  acid  ek^ly 
reoenibles  sulphuric  acid  in  its  properties,  and  its  ealta  are  iso- 
mor|)hou8  with  the  sulphate:?.  o{  the  sutjie  metals, 

,v-/..'?i ?(//««. — Solutions  of  tlie  geletiiates  give  white  precipitates 

of  barium,  etrontinin,  and  learl.  <nvin<r  to  tlic  formation 

■  "le  seleniates  of  these  metals.    Thejie  preeipitutep  are  in- 

6«>l<ibie  in  diluted  nitric  acid.     When  the  (Soluble  scleniate^  are 

Iwiled  with  hydrochloric  acid,  selenic  acid  is  lilterated,  and  ia 

replaced  to  the  f<jrm  of  eelenioue  acid:  sulphurous  acid  will  then 

pri-i'ipit^t«  reduced  selenium  from  the  solution.     Seleniate  of 

iiurium  may  be  Biniilarly  decomposed,  and  may  thus  lie  di*tin- 

^iii-lied  from  the  &ul|jhate  of  barium.     When  heated  on  charcoal 

U'li'te  the  blowpipe  in  the  reduciug-flame,  the  seleniatejs  emit  the 

characteristic  odour  of  selenium. 

(4St5)  SELKxn.TREi"TKD  1 1  Yi>K(  iGKX ;  J/i/d rofielenio  Acid'  (II,Se 
=81-5);  Sp.  Or.  2*795;  JIol.  Vol.  QJ-— This  substance  is  a 
cdlonrlohS  inflammable  gits,  which  resembles  hydrosulphuric  acid, 
but  its  odour  is  much  more  oflcnaive.  Berzelius  found  tint  by 
the  application  of  the  nose  to  a  bubble  of  the  gas  no  larger  than 
*  pea,  he  was  deprived  of  the  sense  of  smell  for  se vend  hnurs. 
Seleuiuretted  hydrogen  is  obtained  by  acting  on  seleuide  of 
jM'tisoiuin  or  of  iron,  with  diluted  hydrochloric  or  sulphuric  acid. 
This  »aa  is  soluble  in  water,  and  precipitates  many  metals  from 
their  salts  in  the  form  of  selenides.  Its  solution  has  a  feebly 
acij  reaction  ;  if  exposed  to  the  air  it  absorbs  oxygen  and  deposits 
wJfQinm.  The  selenides  of  the  fdkali-metals  are  solnlue  in 
Tater:  those  of  cerium,  zinc,  and  manganese,  are  tlesh-(;oloured ; 
most  of  the  others  are  black. 

(437)  CuLoKHiKs  OF  Selenicm. — Selcuium  unites  directly 
with  chlorine,  funning  two  compounds,  one  a  bruwni.di  volatile 
liquid  (ScjC'l,)  heavier  than  water,  and  slowly  decouiposed  by  it; 
the  other  it  volatile  white  crystalline  mass,  SeCl,,  which  is  imme- 
diately decomposed  by  water  into  selenious  and  hydrocliloric 
acids. 

§  m.  Telluridm:  Te  =  129,  or  Te  =  G-to. 

Sp.  Gt.  of  SoIuI  C,-C,h.     Observed  Sp.   Gr.  of  Vaponr  at  2530% 
9-00.     Theoretic  Sp.  Gr.  8-913  ;   Att/mic    Vol.  Q* 

(4fl8)  Telhtrium  is  a  rare  substance  discovered  by  Miiller  in 
17S2,  but  fii-rtt  investigated  by  Klaproth  in  Kl'-S,  and  named  by 
liim  from  tdliM.  the  earth.  It  is  found  chieHy  in  the  minis*  of 
Ilmigary  and  Transylvania,  occasionally  native  and  nearly  pure, 

Iut  generally  combined  with  various  metals,  such  as  gold,  silver, 
ismuth,  copper,  or  lead  ;  it  is  usually  also  accompanied  by  small 


* 


*  If  free  teUarium  be  {¥eTe},  the  rapaur  volume  of  its  molecule  wUl  be  \   \  V 
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quantities  of  arsenic  and  Beleniiim,     Its  moat  common  ore  is  llw 
bluek,  luliated  telliiriujii  dpo  of  Nag^yag,  wliich  cuntaiiis  alwiit  13 
por  cent,  of  tell'ii'iuiti  in  tlio  furni  of  tellnridos  of  gold,  lead,  and 
tjilver,  mixed  with  sidplddes  of  atitimoJiv  aJid  lead.     It  may  1h) 
extraeted  from  tliis  iiiineral  hy  digfsliuii  of  the  tiiiely-powdered 
or<.'  ill  liydj-ocldoiitt  acid,  whioh  removes  the  fuli>bides  of  lead  and 
ajitimoiiy  ;    tlie  residue  is  washed  and  heated  with  nitric  acid, 
the  solution  of  nitrate  of  tollurJum  is  deeante<h  evajH>ratcd  to 
dniiess,  and   treated  with   bydioehloric   aeid,  after  which  the 
tellurium  is  thrown  down  as  a  lirown  powder  l>v  the  addition  of 
i&ul|ihite  of  sodium  to  the  acid  liquid.     For  additional  partieulaw 
refffU-dinp:  the  extraction  of  telhirimu,  the  reader  is  referrc<I  to  the 
Lthrhurh  of  Herzelius  (Cieritum  eilition,  lf>44,  vol.  ii.  p.  i'l\\). 

I'mperlieii. — Most  Ent;li.-;h  writers  on  cheiuititry  claims  tellurium 
amoUfTJ't  the  metals.  It  ]>reH'iitr*,  however,  a  elose  analugy  with 
sulphur  an<l  selenium,  tliiiU|iii  it  pt>6sef»ses  a  high  metallic  "lustre, 
autl  reseud»leri  bismuth  in  colour.  It  fuses  between  800^  Siud 
900°,  and  at  a  higli  temjieniture  it  is  eotiverte<l  iuto  a  yelloW 
vapour  which,  iicwmliug  to  Deville  and  Troost,  has  a  density  of 
0'(H»  at  a  temperature  of  2r);-!0°.  The  distillation  of  ti'llurium  is 
best  conducted  by  heating  it  very  strongly  in  a  porcelain  tul>e^ 
and  transmitting  a  current  of  dry  hydrogen  gas  over  it ;  tb( 
vajionr  of  tellurium  is  tints  meclumieally  currie<l  forward,  and  i 
is  condensed  in  drops  and  tlexible  ervstalliiie  needles  in  the  cool 
parts  of  the  apparatus.  According  to  Mitseherlieh,  tellurium, 
when  solidified  after  fusion,  exhibits  a  rliunibohedral  cleavage,  I 
eitvumstaiice  which  appears  to  indicate  its  isoniorphism  witbars&i 
njcuui  and  autiiuoiiy.  Tellurium  is  a  bad  comluctor  of  heat  and 
of  electricity.  When  heated  strongly  in  tlie  iiir  it  takes  fire,  bami 
with  a  blue  flame  edged  with  green,  and  emits  a  jicculiiir  character' 
istic  oiiour,  whilst  thick  white  fumes  of  tellurous  anhydri«le  ar0 
produced.     Like  sul|i]iur  and  seleuinm,  tellurium  is  soluble  i 


ijiiii 
cold  concentrated  sulphuric  aci<l,  to  which  it  gives  a  line  purpl 
red  colour;  on  dilution  it  is  pre« 
quantities  of  tellurium,  when  taken  internally,  impait  a  persistetij 
and  intolerable  <idoiir  of  garlic  to  the  breath. 

Teniuiimi  tonus  two  oxidos  (TeO, ;  TeO,),  which  ctjrresponi 
in  compohitiim  to  sulphurous  and  sulphuric  anhvdrides. 

(43i»)  TtUurous  Acid  (ll^TeO,  =  ITU).— Tellurium  is  readily 
dissolved  by  nitric  acid  of  sp.  gr.  i'25.  If  the  solution  bo  pouren 
into  water  immediatelv,  a  white,  bulky  hydrate  of  tellurous  aci< 
Buhsides.  It  is  slight'ly  goluble  in  water,  reddens  litmus,  anc 
combines  with  the  alkaline  bases;  these  compounds  are  soluble 
Tellurous  acid  has  a  bitter  metallic  taste:  its  anhvdride  m»v  bi 
obtained  by  gently  heating  the  hydrate,  or  liy  boiling  the  rutrii 
acid  solution,  when  it  is  deposite<l  in  crystalline  nee^lles,  which 
are  very  slightly  soluble  in  water.  The  anhvdride  (TeO,  =  101 
fuses  easily,  forming  a  transparent  glass,  wliich  is  vellow  wliil< 
hot,  but  becomes  white  and  crystalline  on  cooling.  Tellm-ousauhy 
dride  possesses  considei*able  volatility:  if  fused  with  hydrate  of 
potash,  toJJurite  of  potaseium  is  formed.     Tellurites  may  be  formed 
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three  classes — nonnal  salt.*,  M^TeS, :  acid  salts,  Sni¥tB„ 
hrperacid  salt*,  «.>r  qua<lritellurited,  MirTeO,,H,ToO,.)     Tlie 

krites  of  the  alkali-metals  are  eoluMe,  those  of  the  alkaline 
earthi  verv  sparingly  so.  This  anhyilritle  al^n,  like  many  of  tlic 
metallic  anhydrides,  combines  with  the  ptronjijer  acids :  the  com- 
pound!! which  it  thus  furni?ihes  liave  a  metallic  taste,  and  are  said 
to  act  pitwerfullj  a*  emetics.  Its  salts  with  oxalic  and  lartario 
«ci(l  are  soliihle.  All  the  soluble  salts  in  which  tclhirinni  acts  aj 
»L*i€  are  decomposed  if  mixed  witii  hydrochloric  acid  an(i  heated 
with  sulphunms  acid :  reduced  tellurium  is  precipitatetl  under 
the*e  c"u"cumstauce8.  With  sulphiu'etted  hydrogen  a  Idack  sui- 
phitleof  tellurium  is  pro<liiced. 

(MO)  T^llurk'.  Arid  (H.^eO,  =  195)  \s  obtained  by  gently 
.'  tellurium  or  tellurous  acid  with  nitre.  A  tellurate  of 
uim  is  formed,  from  which  the  acid  is  tninsfcrred  to  barium, 
ami  tlie  barium  is  separated  bv  ^ulphiirit*  acid.  It  ervst.il lizcs  in 
Btriared  hexagonal  ]>risms,  which  have  !i  nauseous  metallic  tiuste  ; 
lliej  exert  but  a  feeble  action  on  litmus.  These  crystals  are  com- 
posed of  (II,¥e(:>..  2  II,0),  If  heated  nearly  to  redness  they  fur- 
nish telluric  anhydride,  and  then  cissume  an  orange-yellow  colour. 
This anhyd ride ^^eO,  =  177)  is  completely  insoluble  in  water,  and 
in  nitric  and  hydrochloric  acids,  as  well  >w  in  alkaline  solutions. 
Telluric  acid  has  but  a  feeble  chemical  attraction  for  bjuses,  but, 
like  ?eleuic  m;i<l,  it  forms  three  classes  of  salts  which  may  be 
rt'iire^nited  by  the  general  furmnhi?,  M,TeO. ;  MUTeO, ;  and 
iIli¥ef>,,ri.j?^eO,.  Their  solutions,  when  acidulated,  yicM  a 
black  precipitate  with  sulphnretted  hydrogen.  When  telluric  acid; 
or  one  of  its  salts,  is  heated  to  redness,  oxygen  is  dliM.'tigaged  and 
the  telluric  is  c<)nvertcd  into  tellm'ous  anhydride,  or  the  tellurate 
itilo  a  t»;llurite  of  the  btisyl. 

Two  '•/♦/</r/VA«,  Tef 'I,  and  TeCl„  have  been  obtwned  by  the 
direct  iM'tion  of  chlorine  u)ii)n  tellurium  :  both  of  them  are  volatile; 
the  vapour  of  the  bichloride  is  of  a  violet  colour ;  they  are  de- 
comp<>sed  bv  K  large  cjuantitv  of  water. 

(441)  TEt.i.rRK-rrKu  IItdW-en:  n,Te=131;  Sp.  6V.  4-4S9  ; 
Atomic  Vol.  !  J  ^ ;  or  IITe=Hri'.'i. — The  most  interesting  com- 
p')Und  of  tellurium  is  that  which  it  forms  with  hydrogen.  It  is  a 
ea'*cou-  body  analogous  to  sulphuretted  liytln»i;cn.  and  is  ]M)ssessed 
ol  feebly  acid  j>rii]ierties.  It  may  be  obtained  l)y  decom])i)siug 
the  alloy  of  t<'llurium  with  zinc  or  tin,  by  means  of  hydrochloric 
aciil  The  g<v5  which  escapes  burns  with  a  blue  flame;  it  reddens 
litmns,  and  liiw  an  odour  which  cannot  be  distinguished  from  that 
of  sulphuretted  hydrogen  :  with  water  it  forms  a  colourless  solu- 
tion, which  becomes  brown  by  cx])nsure  to  the  air,  owing  to  the 
oxidation  of  the  hydrogen  and  »eparation  of  tolhiriuni.  Tcllurct- 
tfi  liydrogen  precipitates  most  of  the  metals  from  their  solutions, 
in  the  form  of  tellurides  which  have  a  close  analogy  with  the 
corresj  ton  ding  sulphides.  The  tellurides  of  the  alkaline  metals 
are  !«ultil)le  in  water. 

Tellurium,  whether  in  the  form  of  a  soluble  tellurite  or  in 
that  of  H  tellurate,  is  throtrii  down  from  its  so]iJti(»ns  iu  tlie  vedut'e'i 
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tWrra  liy  zinc  or  iron;  neutrul  solutions  of  rlie  salta  of  both  fta 
iK'ids  ai'o  also  reduced  by  ferrous  eulpliate  aiid  by  KtiUinoug 
('hioride ;  in  these  cases  the  tellurium  falls  in  brown  rioctuli.  The 
ttllurates  of  the  alkaline  metals,  when  heated  to  redness  in  a  tiilm 
with  elmrcoal,  ai'e  reduced  to  telluridefi,  which  are  soluble  iu  water, 
aud  form  a  red  li^iuid. 


CKAPTER  VIII. 

§  I.  Phospuoris  :  P=31.* 

Atomic  Vol.  [],  or  ^;  Tlteordical  S^.  6V.  qf  Vapour,  4'2S4 ; 
Observed  Sp.  Gr.  (jf  Vajiour,  4'50, 

(442)  Natttral  Itdatrona  of  the  Phv»phoru8  Group. — Phc«- 

Ehonis  18  described  here  for  the  sake  of  eonvenience,  and  not 
ecause  it  exhibits  any  relation  to  the  sulj^hur  ji;roni) ;  it  has,  how- 
ever, a  chjsc  connexion  with  ansenic  and  antuuouy,  two  bodies 
which  will  be  described  with  the  metals. 

Phos[»h(>ni!i,  arsenic,  and  antimony  afford  good  iustnncc*«  of 
the  tercijui%alent  or  triad  grouiJ  of  elements,  as  in  natst  ease\» 
when  in  coml>inati<in  tliey  represent  3  atoms  of  hydrogen,  thou^jh 
sometimes  they  are  qninqueqnivalent,  or  represent  5  atoms. 
These  three  elements  are  imked  related  much  in  the  tame  way  as 
ftuljihur,  Bbleninm,  and  tellurium  ;  each  of  them  tinites  with  hv- 
droj^eu,  and  foniis  a  jjasemis  coniiiound,  in  which  (5  volumes  of 
hydrojj^en  cumltine  with  1  vi»lume  of  the  vtijiour  of  the  other  ele- 
ment— tlie  coniiiouud  which  ie  fonned  oecupviitg  the  b]>«ce  of  4 
vobinici? — these  gaseous  coiujiounds  exhibiting:  a  tendency  to 
alkalinity.  Each  of  these  elements  unites  Mith  oxyjjou  hi  the 
proportioTi  of  2  atoms  with  13,  and  2  with  5  atoms  of  oxv^en,  fonn- 
iHfi  eoniponnds  in  which  the  acid  character  is  less  and  fos  marked 
a;4  the  atomic  wcijrltt  of  the  combustible  element  increase*.  Tho 
isonioriihous  relations  of  ai>ei\ious  anhydride  sind  oxide  «tf  anti- 
mony have  long  been  known,  and  the  corresj>ondiii«;  tribasic 
phospiuites  and  arseniatcs  offer  snme  of  the  most  striking  exenj- 
plitications  of  isomorphism.  Chlorine,  unites  with  the  iiK'mber\> 
of  tliis  grou|)  iu  the  proportion  of  Z  atoms  to  1  ntom  of  i»hospiiur\i4, 
arsenic,  or  antimony,  liismuth  is  also  related  to  this  group  by 
the  composition  and  character  of  its  oxidee  and  chloride,  althougii 
no  bisniuthated  hydrogen  is  at  present  kn<jwu.  Nitrogen,  uft 
ah'cady  pointed  out,  is  connected  with  the  phosjihonis  group  by 
its  combination  with  hydrogen  (II,N),  and  by  its  fonnafion  of 
anhydrides  with  3  and  with  5  atoni^  of  oxygen.  An  interesting 
isomoridious  relation  exists  between  the  nieinbers  of  flic  sulpliur 
aud  those  of  the  phosphorus  group ;  sulphur  being  ihouiorphoua 

*  The  vapour  volame  of  plioRjitionix  nppom  to  be  totrntomic  ;  tn  if  tha  molecnU 
of  fr<ii>  pbosphonii!  be  takmi  a«  V,  It  ulU  I'iiiqUIi  two  rolumue  of  vapour.  Ar»eal< 
rofcjuUli-D  pLui!pboru8  in  Uiia  rvvpirt 
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Kith  arsenic,  as  is  sIio^vti  in  the  correspondence  in  form  between 
jnsU\h  of  iron  pvritej!  (FeS,)  and  those  of  ini--pickel  iFuSAs) 
lixiiotf.  Part  I.  p.  115.) 

The  following  table  exliibits  some  of  the  corresponding  com 
ipounds  of  the  5  triads  just  mentioned : — 


Chloride 
oltrofen. 


ulifilritle. 


NHrie 
ttibjiMtt. 


N.e. 


Pb<i*phun>lt«d 
hjirogeu. 


H.P 

Terchtor. 
pharphonu. 

CI.P 

Penl«dilur. 
phuiphonu. 


CUP 

P1)o«Iihf>tTin« 


p,o, 

Fhoiiphorie 
■Dhj'drldv. 


P,e» 


U.As 

Ttrchlor. 
sntenle. 


a,A3 


Araenloni 
suKylrlde. 


Aittnle 
anhydride. 


Aa,0, 


AntltnAUkrclled 
hydrogen 


H,Sb 

Ti-rcblor. 
ftntlinony. 


Cl.Sb 

PcnUehlor. 
anlliaonf. 


CUSb 

iiiillmony. 


sb,e, 

Anllmnnla 
•ahyd>l>le. 

SbjOj 


Tcrchlor. 


Cl.Bl 


bUlllUlfL 


Hrili)ilrti1«, 


Bi,e, 


A  gradation  of  properties  is  observed  in  these  elements,  and 
fp»rticn!arly  in  the  three  intenuediate  ones:  plnisphorus  is  the 
6ast  dense,  the  mo.-;t  fusible  and  volatile ;  next  follows  arsenic, 
Drl  theu  antimony,  in  the  order  of  their  atntiiic  weights.     The 
|cid  properties  of  the  oxidized  compound?  aro  inopt  marked  in 
■lltrogen,  then  in  pho'^phurus  ;  they   are  weaker  in   ar-4t>nie,  still 
'  Bf  in  antimony,  and  are  scarcely  ap|Ktrent  in  Listimtli.     The 
_       Junds  with  hydroijen  follow  the  same  Drder  :  atniiioiiia  is  a 
f^werful  base  and  retpiirt-d  a  iiijirh  teiiiponituro  for  its  di-ui imposi- 
tion, plidsphuretted  hy<iro^en  a  very  feeble  base  ;  in  arsi'tiiuretted 
hvdrogen  the  basic  character  is  not  perceived,  althnnirb  iiiaiilfest 
'  tsoiue  of  its  derivative*,  and  the  same  thin^■  is  true  of  antimony ; 
ch  of  the  three  hydrides  la.st  mentionerl  beius^  in  Ruecession 
easily  "iecomposed  l»y  simple  exjiosnre  to  heat,  whilst  the 
faction  of  bismuth  I'or  hydrogen  is  so  feelde  that  its  hydride  is 
^known. 
(443)  Phosphorus  was  discovered  by  Brandt  in  \C<(>9.    It  h 
Fer  met  with  in  nature  in  the  uncombinod  state,  bur  it  occurs 
Ismail  proportion  as  phosphate  of  calcium,  as  a  cun^^titucnt  of 
le  primitive  and  volcanic  rocks,  by  the  gradual  dectiy  of  which 
passes  into  the  soil  :  from  the  soil  it  is  extracted  by  plants, 
Ijieh  accumulate  it,  particularly  in  their  seeds,  in  quantity  sutfi- 
for  the  support  of  the  various  tribes  of  anitnnls  which  they 
pply  with  food.     In  the  animal  tiystem  it  is  cullocted  in  large 
Wioiint,  and  when  combined  with  oxygon  and  calcium,  as  p\ioa 
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Ehate  of  ealcinm,  it  forms  the  prliifipal  oai'thy  oonstjtucnt  m  uta^ 
ones  of  the  verti'hrata.  Pliosjilionis  also  !ii>p{'iirs  to  be  ety+'tittnl 
to  till!  ext'ivisf  of  the  lii^'her  functioiits  of  the  animal,  rinw  it  fxi'^tii 
as  a  never-failing  in{ire<lient  in  tlie  siibstariec  of  which  the  Insula 
Hiitl  norvuii  are  eoinnosecl.  It  is  likewise  eontained  in  ullminew 
ami  in  fibrin  in  small  proportions,  and  is  present  in  the  form  of 
plios}iliHtc9  of  thti  ntet^iLi  of  the  alkaliefi  and  of  the  uartlis  in  the 
urine  and  solid  excrements  of  animals. 

Ej'trdiiiim. — Frosphortis.  was  originally  extracted  from  iJuji 
Baits  e(jnt;iiued  in  nrine,  bnt  it  is  now  obtaine<l  almost  exeliisively 
from  the  bones  of  animals.  In  Drder  to  prepare  it,  bunes  wore 
formerly  always  bm-ned  to  Avhiteiiess  by  calcining  them  in  nzi 
open  tire  for  some  hours,  then  reduced  to  powder;  but  now  the 
gelatin  of  the  bone-8  is  first  e<:onomized  by  heatin-x  tUein,  under  ' 
pressure,  with  water ;  or  the  Inmes  are  distdled  in  closed  vessela, ' 
the  ammonia  and  volatile  i^'oducts  are  collected,  whilst  tlic  bone 
black  is  employed  in  sii<rar-reHning,  antl  afVr  it  has  become  Us.^ 
less  for  this  ]>urpose,  it  is  burned  in  the  open  fire.  Three  ]iart& 
of  bone-ash  obtained  by  any  of  these  metho,lB  are  mixed  with  2  of 
concentratetl  sulphuric  acid,  and  18  or  20  partes  of  water.  Tl»e 
mixture  is  allowed  to  stand  for  two  or  three  days,  after  which  it 
18  placed  ujion  a  strong  linen  tilter,  and  the  acid  liquid  is  sepa- 
rated from  the  sulphate  of  calcium  by  pressure ;  tlie  re^idtie  i» 
further  washed  with  water,  and  the  w^asliings  are  added  to  tlio 
filtered  solution.  In  this  process  the  sulphuric  acid  is  addeii  in 
such  <juantity  as  partially  to  decompo-^e  the  phosphate  of  calcium  ; 
two-tbinls  of  the  (talciuni  are  removed  by  it  in  the  insoluble  form, 
aa  suli)hate  of  calcium,  the  remaining  third  Ixnng  left  aj?  an  acid 
salt,  in  comliination  with  the  whole  of  the  phosphoric  JK'id,  witli 
which  it  forms  a  com)>ound  leadily  soluble  in  water,  frequently 
described  as  «iiju'rj>fio«p/iui^  of  //;«/?  (H<^a  2  VO,).  The  reiictioa 
tuay  be  thus  expresseuin  symbols: — 


Bane  aab. 


Bulph.  Mid. 


AM  plWKph.  CKlrlum. 


Salpt-  aaldna. 


ea,  2  po,  +2  u,se.  =  li.ea  2  pe,  +  2  ease.. 

This  acid  solution  is  evaporated  to  the  consistence  of  a  s^Tup, 
then  mixed  Avitli  one-fourth  of  its  weight  of  charcoal,  and  heiiti'<l 
to  incipieiit  redness  in  an  iron  pot,  stirring  constantly.  Tlie  maMi, 
when  dry,  is  transferred  to  an  earthen  retort  («,  fig.  'i\0),  which 
is  covered  extenially  with  a  thin  pa«te,  consisting  of  a  mixture 
of  equal  ]>arts  of  borax  and  fire-clay,  with  a  view  of  rendering  tho 
retort  less  porous.  It  is  then  exposed  t/)  a  heat  which  is  slowlv 
raisml  to  a  lull  red.  Fhosphonis  gradually  rises  in  vaj'our.  and  i«  MM 
conveyed  by  means  of  a  wide  cop|Hr  tube,  bent  as  at  fj,  so  hs  to  ^^ 
dip  into  wilier  contained  in  a  vessel  provided  with  a  smaller  tube, 
oi>en  at  both  ends,  for  conveying  the  uncondenscd  gases,  iuto  n 
dtimncy.  Tho  phosphorus  is  condensed  in  yellow  drops^  In  thi« 
operation  it  is  found  necessary  to  convert  the  phosphate  into 
JK'id  phosphate  of  calcium ;  since  the  bouc-ash,  when  heulti) 
with   charciml,   doi«   not  part  willi    it*i   phosphorus.     The   ftcid] 
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Mte  m  contat!t  with  ^lo-  3io. 

»al  is  decoiuposeil ; 
i-alvium  retain*  sutH- 
it  pbop|»horic  acid  rad- 
ti>  reooTistitute  bone- 
whioh  remains  un- 
t«l  io  tlie  retort,  while 
cjicfss  of  acid  and  the 
ter  which  the  mass  ai- 
rs retains  are  decom-  ^)\ 
by  the  charcoal ; 
iyJruj;i?n,  carbonic  oxide, 
ud  phosphorus  are  the 
redts.  (iaet'ous  mattci-s 
escape,  tliereture,  (hirintj 
the  whole  operation,  which 
mar  [.0  re^:u"dcd  a^  con- 
ii-tiiii,'  of  two  Btii^cs,   the 

r.r-t  liiiiip  tlie  dt'conipo'f.ition  of  the  acid  phosphate  of  cidcium 
iiitu  liune-u^h  and  phosphoric  acid  : — 

3  (H.Oa  2  pe.)=ea.  2  pe,+4  H,Pe.; 

wiiikt  the  geo>nd  stage  consists  of  tlie  deoxidation  of  the  liberated 
•eiJ:— 

■i  ii,pe.+i6  e=p,-f6  H,+i6  ee* 

With  a  view  to  render  the  phosphonis  iieiiectly  pure,  it  is 
fnM^\  tinder  warm  water,  equeozod  thronsjjh  wiii*h-leatlier,  andajjaiii 
mc'ljnl,  tirst  under  aminoniii,  and  then  itn<k*r  a  solution  of  acid- 
ciirumate  of  potassium  in  diluted  sulphuric  acid.  The  easy  fusi- 
iMJity  of  phosphorus  enables  it  to  be  inouldfd  into  sticks  with 
fiicilitv;  it  is  melted  under  water  and  forced  into  tubes,  in  which 
it  is  allowed  to  milidifv. 

Prop(fr(ie«. — Phosphonis  ia  a  soft,  semi-tranaparent,  colourless, 
Wa\T-l(X>kiii^  solid,  which,  however,  becomes  hard  and  brittle  at 
luw  teni])erature9 :  it  fumes  in  the  air,  eraittiii<^  white  vtupours  of 
an  alliaceous  odour.  It  ha-s  a  specitic  ijravity  of  1"83  at  50" 
(Sclirotter).  It  fuses  at  1  ll'^'o,  and  if  melted  under  an  alkaline 
lifjuid  and  allowed  to  cool  undisturlx'd,  it  will  long  continue  fluid 
•t  ordinary  temperatures,  Itut  when  touched  with  a  wire  oraglasa 
^>d  it  iiolidiliofi  suddenly.  Phiwphonwis  anou-conductorof  elec- 
tricity, both  in  the  solid  and  the  liquid  state.  It  is  extremely 
inflimnialile,  takin;^  tire  in  the  open  air  at  a  temijcrature  very 
little  alwive  it^  fusin^-point.  If  it  contain  impurities,  such  a^ 
I'xide  of  phosphorus,  it  takes  lire  still  more  easily.  Great  caution 
is  therefore  re(iuired  in  handling  it ;  it  is  better  always  to  cut  it 


♦  Phogphonis  tnay  also  be  obuined  by  hentiog  an  intimate  iniztnre  of  ehnroooJ 

■'      -  -•■  -'•■■-.;  to  bright  rudiiesa  ia  a  current  of  hydrochloric  acid  pta, 
»1  n  being  liborateil  along  w-ilh  vapour  of  phoHphorus  whila 

-  -  iiji.'d : — 

a  iHa,  2  Pt*<y+J6  e^I3  H01=P,  +  16  eO  +  6  H,  +  6  eaCl,. 
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nndo-  wato-.  The  bums  occasioned  by  melter!  phospliorns  «i, 
deep  and  often  extremelj'  severe,  from  the  difiicolty  of  extbguialt 
ing  the  flame. 

Pho^hortis  Itums  with  a  brilliant  white  flame,  and  emits  dei 
white  fmnes  of  pbt^phoric  anhydride,  In  clo^  vesiE^k  it  boik 
tt  about  550%  eiving  off  ft  coloiorleea  r;|poar,  of  wliich  HXt  cnlw 
inches  weigh  aboat  135  grains.  An  atom  of  phosphoroB,  there- 
fore, gives  off  a  volume  of  vapoar  equal  to  onlv  half  that  of  m 
atom  of  oxygen  ;  and,  accordinff  to  ]>ev{lle,  no  altemtion  in  ih% 
relative  volnnit**  of  the  two  is  eneeted  bv  a  temperature  of  l&W, 
Phosphorus  L^  iiipolable  in  water;  it  i^  digLtly  6oItible  in  ether, 
but  more  so  in  benzol,  in  oil  uf  turpentine,  and  in  the  fixed  and 
essential  oils.  It  is  abo  freelv  di;sN^«lve<I  by  chloride  of  salphnr, 
bv  terchloride  of  phoi>plionis,  and  by  the  bisulphide  of  carbon ;  by 
allowing  its  solution  in  bisulphide  of  carbon  to  fall  upoo  dU^ring' 
paper  in  the  oj>en  air,  the  iinely  divided  phosphorus  abi5*jrbs.osy- 
gen  so  rapidly  that  it  takes  tire  :is  soon  as  the  solvent  ha^  CTapn- 
rated.  If  the  golntion  be  allowed  to  evawrate  slowly  in  a  ciirreat 
of  hydrogen  or  carbonic  anhydride,  the  phoephonis  mav  be 
obtained  cryst«Uized  in  rhombic  dodeeahedra. 

Phosphoni?  is  always  preserved  underwater,  tor  when  exjiosed  I 
to  the  air,  at  ;ill  tesu^>erattii*  above  Si'  it  gradually  combines  with.  ' 
oxygen,  and  undergoes  a  slow  combuetion;  imder  these  cireuui- 
stances,  in  a  darkened  room  it  emit^  a  pale  greenish  light  (hence 
its  name,  firom  4^^,  light,  <hp*f,  bluing)  attended  with  the  pro- 
duction of  the  white  fumes  and  the  garlic  odour  already  men- 
tioned. The  luminosity  of  pho^phortLi  ig  preventc^d  by  tlie  adniis- 
tm:^  of  certain  inflammable  vapours  and  gases  in  minute  quantity 
with  the  atmosphere ;  if  air  be  mixed  with  either  ^-J^  of  it* 
bidk  of  olefiant  gas,  xsW  <*^  naphtha,  or  j^ix  **^  <^^^  ***'  turpentine, 
a  stick  of  phosphorus  no  longer  appears  Imninous  when  exposed 
to  its  action  (^Graham). 

It  is  remarkable  that  in  pure  oxygen  the  luminosity  is  not 
observed  until  the  temperature  rises  to  60°,  imless  the  gas  be 
raretietl,  or  be  diluted  with  some  other  gas. 

(444)  Dijf'erent  forms  of  Phosphorus. — Phosphorus  assumes 
several  difl'erent  forms  under  the  mflueuce  of  causes  apparentW 
trifling.  The  transparent  variety  has  been  already  mentionedt 
this,  when  kept  exposed  to  light  under  water,  a-ssumes  a  second 
form,  consisting  of  small  plates ;  it  then  appears  ichite  and  opaque 
and  is  somewhat  less  fusible.  It  has  a  sp.  gr.  of  1-515:  wniti 
phosphonis  becomes  reconverted  into  the  vitreous  variety  by  i 
temperature  not  exceeding  122°.  A  third  form  is  obtained  bj 
suddenly  cooling  melted  phosphorus;  it  is  perfectly  Hack  an< 
opaque,  but  by  simple  fusion  and  slow  cooling  it  again  become 
transparent  and  colourless ;  whilst  a  fourth  or  viscous  modification 
analogous  to  viscous  sulphur,  may  be  obtained  bv  heating  ver 
pure  phosphorus  to  near  its  boiling-point  and  suddenly  cooling  it 
A  fiftli  form  occurs  in  the  shape  of  red  scales,  which  are  obtame< 
by  the  spontaneous  sublimation  of  phosphorus  in  the  Torricelliai 
vacuimi  when  exposed  to  the  rays  of  the  sun. 
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■  or  fm^mons  P/to.<tvAom^. — Tlie  red  fonn  of  pliosplirirns 
been  carc'fiilly  stinlied  by  Schrotfer  (Ann.  tie  c)i>im^.  III. 
niv.  4i^0).     It  may  be  obtuit\ed  by  placing  a  quantity  of  dried 
ojhuijiou  i>bo.cphuni:>  in  the  bulb  of  a  flask,  A^tig.  311,  to  the  neck 

Fio.  311. 


rlucli  a  long  narrow  tube,  i,  bent  downward,  ia  attached  ;  the 
II  cud  of  this  tube  dips  into  a  little  mercury ;  the  air  in  the 
jk  in  diisplact'd  by  means  of  a  current  of  carbonic  anhydride, 
which  is  supplied  from  tlie  bottle  e,  and  dried  by  jjasfling  through 
the  tnlie.  f,  filled  witli  chloride  of  cuk-iuin;  the  tube  is  then 
led  at  the  narrow  portion,  o,  and  the  appHi'^tus  wh:<h  jsnpplied 
carbonic  anhydride  is  removed.  Heat  is  next  sipplied  to  the 
la^k  by  means  of  an  oil-bath,  c:  the  phosjtliorus  melti*  ivtuiily,  but 
by  regulating  the  heat  Bteatlily  between  45ri"  and  4*>ti^,  by  inoims 
oi'  the  thermometer,  t,  and  maintaining  it  for  3(1  or  40  hours, 
almost  all  tlie  phosphonis  will  become  converted  into  the  solid 
ainorphons  variety.  When  the  change  appears  to  be  cmnplete, 
ibf  app!irnru3  is  allowed  to  cool :  bisulphide  of  carbon  is  then 

floured  upon  the  mass  in  the  tifisk,  and  digested  on  it  for  some 
lours:  this  is  ])ouredofi",  and  freish  bi(5ulphidt'  added,  the  digestion 
being  repeated  so  long  as  any  phosphoru.s  is  disAdved;  thi^  may 
be  known  by  ailmving  a  few  drops  of  the  deeanteii  liquid  to  eva- 
p<»rate  ST>ontaneously  m  a  watch-glass;  any  dissolved  i)hosphonx8 
ytnW  l>e  left  behind. 

The  red  powder  of  which  the  undissolved  portion  consists,  if 
not  qnite  free  from  nnaltered  phosphorus,  takes  fire  spontaneously 

wl '  lo  the  air;  if  quite  pure,  it  does  not  take  fire;  but 

it  -L-n  very  slowlv,  the  oxidation  being  more  rapid  if 

the  p«^w  der  be  moist ;  piiosi>lioroii8  acid  is  gradually  fonneO,  and 
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^IVoin  its  (iL"li<[iiOfccont  fliiiractor  tho  ]»owder  becomoe  rlampT 
'l>xi<l)itii>n    iK-curs   8o   slowly    tliiit,  it  wjus  at  Hrst   iniai;irn-<]    tlu 
nmi>rj>li<nis  ])hos])ln>nis  midonvent  no  chntige  liy  ex])0!;iire  to  th^ 
air.     The  liitjhor  tlic  tein)>erHture  iit  which  the  traiisforniati(»n 
ettWrted,  the  a<'f'|)er  is  tlie  cnhmr  of  the  product,  which  in  tin*  tiiiw 
6]>ocimenrt  rivals  that  of  vermilion,     liy  heating  tlie  phos^phonii 
laore  fitrongly  during  its  preparation,  the  change  may  be  produce 
lunch  more  rapidly,  out  the  phojiphonis  then  asniimcfi  the  form 
reddish-brown  ti'iable  masses,  with  a  eonchoidal  tractnre.     Tit 
form  of  ph()fiplionis  has  been  manufactured  at  Binniri<^liam  on 
considerable  scale.    The  process,  however,  is  not  unattended  witi 
danger;  for  if  the  red  powder  be  heated  up  to  the  ixiint  at  whic' 
its  re-convereion  into  the  transparent  variety  takes  place,  the  whul^ 
mass  suddenly  passes  back  into  the  ordinary  form,  with  a  copiot 
evolution  of  heat,  followed  by  the  sudden  fonnation  of  a  lar 
vitlunie  of  the  vapour  of  jihosphorus.      The    puriticatioti    fror 
ordinary  plii)sj)horns  may  be  eftected  by  digesting  the  maw  witI 
a  solution  of  caustic  soda  so  long  an  phosphuretted  hydmgen 
formed.     The  residual  red  phosphorus  is  then  thoronglily  wa^rht 
from  the  hypnphosphite  oi  sodimn,  and  aftcrwurds  dritnl.     Th< 
chan2;e8  produced  in  phosphorus  by  heat  may  bo  readily  watclie 
by  placing  a  few  fragments  of  well-dried  ptuisphorus  in  u  tub 
upon  which  two  or  three  bulbs  have  been  blown,  then  ex])ellinj 
the  air  by  a  current  of  carbonic  anhydride,  and  sealing  one  cnc 
of  the  tube, — the  open  end  l>eing  made  to  dip  inti*  mi-n-nryj 
On    a})[dyiiig   heat   to   the   phusphonis,  it  becomes  ri*<l,  but  ol 
continuiiii;  tu  raise  the   temperature  it  distils  over  in  pcrti'i'tlj 
colourless  transparent  drops,  which  freottcntly  remain   lujuid  i'ol 
SOUK-  hours,  though  they  ultimately  solidify  to  a  transi>arcnl  ct 
lourless  masB. 

Red  or  amorpbons  phosphoms  difFem  remarkably  in  many  o! 
its  properties  from  the  waxy-looking  stick  phosphorus.    It  may  " 
ex]>osed  to  the  air  without  emitting  any  odour.     It  is  not  solubU 
in  either  bisulphide  of  carlM)n.  terchloride  of  phosphorus,  or  b6il 
zol.     The  density  of  amorphous  phosphoms  exceeds  that  of  th 
vitreous  form;   the  red  powder,  according  to  l»rodic.  having 
ppecitic  ^ravitv  of  2"14.     It  n»ay  lie  heated  in  the  open  air  with«! 
out  change  till  the  temperature  reaches  50(1° ;  at  this  point  il 
melts  and  bursts  into  Hame,  and  Ijurns  with  the  dazzling  bril'^ 
liancy  of  common  ])hosphonis.  emitting  dense  funu*  of  phosphoric 
anliydriile.     Chlorine  acts  directly  upon  red  phosphorus  witliont 
the  aii]dication  of  heat :  the  temperature  ris.es,  but  the  ]>lio:i|)liorn« 
docs  not  take  tire.     When  rubbed  with  chlorate  of  jmtn^-Mim  it 
detonates,  very  slight  friction   being  snflicient  to   proi! 
action  :  peroxide  of  manganese  and  peroxide  of  lead  at  t 
in  A  simdiir  way,  but  less  readily. 

The  principal  consumption  of  phosphorus  is  in  the  manxifec 
ttire  of  lucifer  matches.     In  the  usual  mod©  of  preparing  tin 
matches,  the  enfis  of  the  pieces  of  wood  are  first  gummed  ahit 
dusted  over  with  sulphur,  and  then  tipped  with  a  mixture,  ' 
which  the  chief  ingredients  are  an  vmuIi»ion  uf  phovphoiiu 
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it*,  nrnl  chlorate  of  potafisium,  or  black  oxide  of  nmn^anese. 

je  nianutkcture  is  one  attutule*!  with  flaiifrer,  from  tlie  liij^hly 

luinmable  jiritl  explosivf  iiatiii'O  of  the  iiij^retliftits  iist'd;  but, 

ai<iilitiun  to  this  rwk.  tbotie  eiiiployftl  in  the  business  are  liable 

distressing  form  of  carit-s  oi'  tlie  lower  jaw,  arisiii<?  from  the 
ion  of  the  fumes  of  nho~phor»A  uptia  those  who  inhale  them. 

these  evils,  the  tirst  is  gr<'atly  lessened,  and  tJie  second  alttH 
lier  avoidetl,  bv  tlie  Une  of  unioqilioHs  phosphorus.  An  in- 
lious  plan  iW  diminishing  the  risk  of  lires  from  the  use  of 
ttcifcT  matcliw  consists  in  mixing  the  amorphous  phosphorus  with 
lie  grit  which  is  used  a*  a  ml  tiling  surface  for  kindling  the 
latdies;  the  composition  with  whicli  they  are  tijiped  takes  lire 
rlieu  rubbed  upon  the  phospliorized  surfaice^  but  not  by  ordinary 
tictiMU  u{X>n  any  other  substance,  a^  the  mateli  itseli' contains  no 
\/h<*plior>is. 

Altiiough  vitreous  phosphorus  acts  as  a  powerful  irritant 
poisijii  upon  animals  when  taken  internally,  the  amorphous  va- 
Tiety  may  be  swallowed  with  impunity;  the  \'itreous  piiosphorus 
"uniisthe  active  ingredient  in  the  pnosi)horus  pai^te  frequently 

wl  to  destroy  cockroaches  and  other  kinds  of  vermin. 

Owing  to  Its  strong  attraction  for  oxygen,  phosphorus  re<luce8 

ne  of  the  oxidized  compounds  of  the  metals  to  the  metallic 

?;  a  stick  of  phosphorus  placed  in  a  solution  of  chloride  of 
iildorof  nitrate  of  silver,  becomes  speedily  incased  in  reduced 
nil!  or  silver.  Salts  of  palladium,  platinum,  ami  cojiper,  are 
iU)  rodtieeil  gradually  when  a  stick  of  phosphorus  is  immersed 
bi  llieir  solutions. 

(445)  OxniEs  of  PnospnoRrs. — Phosjihorus  is  usually  stated 

fiimihli  four  compounds  with  oxygen,  but  only  two  of  them 

!  known  in  the  anuydi-ons  condition,  viz. ; — 

In  KKI  pirtj. 


FliosphorouR  anhydride PiOi  =  110 

Phoaphoric  anhyaride P361  =  142 


Pbodiihorua. 
56-36 
43-6tt 


43-64 
&6-34 


Phosphorus  forms  three  oxidized  acids,  which  are  resjieetively 
nionobitsic,  dibasic,  and  tribasic,  in  projxirtiou  as  the  quautity  of 
oiygen  increases:  these  acids  are  the  following: — 

Hypophosphorous  acid  (monobasic)  1IPII,0, 

Phospliorouft  acid  (dibasic) H,PHO, 

Phosphoric  acid  (tribasic) H,Pt>, 

iCi)  PnoftPifORic  Anhtdridb:  P,0,r=142. — The  most  im- 
portant of  the  oxides  of  jihosphonis  is  that  which  when  acted  on 
by  water  forms  ph<isphoric  acid  ;  it  occni*s  native  in  considerable 

aaantity  in  the  lonn  of  phosphate  of  calcium.  The  anhydride  of 
lis  acid  is  the  sole  product  of  the  rapid  combustion  of  phos]>ho- 
rns  in  dry  oxygen  or  in  atmospheric  air.  By  rnenns  of  the  appa- 
ratus shown  in  tig.  312,  a  large  quantity  of  phosphoric  aTihydride 
ly  l>e  readily  obtained  in  a  tew  hours :  e  is  a  three-necked 
>he,  in  the  centre  of  which  is  suspended  a  porcelain  dish,  c/ 
dish  13  attached  by  means  of  plutianm  wire  to  the  wide  tUTO 
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a,  J,  wLieli  is  closed  at  a  with  a  cork;  the  hottle,/",  is  connected 
by  the  tube  g,  with  an  aspirator,  or  other  convenient  means  of 
maintaimng  a  coutiuuous  current  of  air  through  the  apparatu: 


Fio.  312. 
a. 


the  air  as  it  enters  is  thoroughly  dried  by  passing  over  pumice 
nutititenL'd  with  sulphuric  acid,  in  the  tul>e,  d.     A  tra<»Tiient  of 
wcll-driud  i)h(>spln>nis  is  placed  in  the  dish,  c,  and  kin<ned  by  j 
touching  it  witli   a  hotwire.     As  the  phosphorus  burns  away 
fi-L'sli  ])iece3  are  added  t)iroui;:h  the  aperture  <t,  which  is  again  im- 
mediately closed  with   the  ci^rk.     The  anhydride  thus  ol>faine<l 
generally  contains  traces  of  one  of  tlie  lower  oxides  of  phospho- 
rus.    It  forms  a  snow-white,  floeculent,  non-crystalline,  anhy- 
dj'ons,  but  extreincly  deliquescent,  powder,  which  fuses  at  an 
elevated  temperature,  and  by  a  still  stronger  heat,  ap]>ro«chingj 
to  whitenes.s,  may  be  sublimed.     When  dropped  into  wat«r  ir 
corallines  with  it,  emitting  a  his&iiig  noise ;  the  greater  part  i»1 
instantly  di!«solved,  leaving  a  few  gelatinous  tlocculi,  whicJi  slowlyj 
disHpjiear.     ^Vt^er  it  baa  once  been  dissolved,  it  cannot  again  In 
converted  into  the  anhydride  by  mere  elevation  of  temperature,! 
as  the  whole  compound  is  gradually  dissipated  in  vapour.     It 
does  not  emit  vajiour  at  ordinary  temwratures,  and  owing  to  its 
powerful  attraction  for  water,  this  anhydride  is  often  used  as  a 
deeiccating  and  dehydrating  agent ;  and  for  this  puqjose  it  sur- 
passe.'*  in  ctHcacy  almost  every  known  siibstance. 

(-t47)  Hijfh'ates   of   Phoajtfun'ic  Acid. — Tlie   pure    acid 
gouerally  jirocured  in  a  hydruted  state,  by  boiling  1  part  of  phc 

f)hor\i9  in  13  parts  of  nitric  aeiii  of  fiji,  gr.  I'ilO,  The  phospnorii 
(ccomes  o.xidized  by  tlie  nitric  aci<b  which  is  decomposed  wit 
escape  of  nitric  oxide,  and  the  phosphoric  acid  is  dissolved  as  it 
formed.  When  the  phosphorus  has  all  disappeared,  the  excess  of 
nitric  acid  is  expelled  by  evaporating  the  liquid  in  a  platinum, 
vessel  until  dense  white  tumee  begin  to  arise ;  on  cooUng,  the  acid 
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I  intent 


fics  to  ft  traiiiiparont  o^Iassy  mass,  fre<iuentlv  terme<l  ghioiiU 
^thirir  arid.  Tliis  glaoial  acid  is  cxtremelv  (leliquescent,  pro- 
n^  a  it.iliition  which,  when  satiu'rtted,  has  a  sp.  gr.  of  2'0.     It 

iely  acid,  but  not  caustic. 
The  oxidation  of  phosphorus  by  nitric  acid  furnishes  an  east 
means  of  a.<certaining  the  composition  of  phoflphoric  aidiydride. 
For  this  purpose,  31  grains  of  phosphorus  are  boiled  in  a  <j;lass 
retort  with  pure  diluted   nitric  acid.     The  greater  part   of  the 
excess  of  water  and  nitric  acid  having  been  distilled  olf,  the  acid; 
Bolntion  is  added  to  350  grains  of  oxide  of  lead,  in  a  weighed  i)la- 
tinnra  dish  :  the  liquid  is  slowly  evaporated  and  the  residue  ignit- 
ed; by  a  red  heat  the  whole  of  tlie  nitric  acid  is  expelled,  and  the 
phnsptiorio  anh^'dride  alone  remains  in  combination  with  the  oxide 
of  lead.     The  oxide  and  anhytiride  together  will  be  found  to  woigk 
421  grains,  showing  an  increase  in  weight  upon  the  phosphorus- 
ind  oxide  of  le»<i  of  40  grains  :  31  parts  of  phosphorus  therefore 
ire  40  parts  of  oxygen  for  conversion  into  phosphoric  anhy- 
Tde. 

A  less  pure  acid  is  procured  by  adding  to  a  solution  of  super- 
phosphate of  lime  (prepared  fr(jra  bones  by  the  pmcesa  already 
described  as  a  preliminary  step  towards  procuring  jihosphorus)' 
carlwnate  of  ammonium  till  enervescence  ceases;  trihit^ic  phos- 
pbate  ijf  cfdoium  is  precipitated,  leaving  phosphate  of  ainninniuia 
"solution.    The  precipitated  ])hos]>hate  of  calcium  is  ftei)nrated  by 
tion.  the  liquid  evaporate<l  to  <lr™es3,  and  the  residue  ignited, 
monia  is  expelletl,  and  pliObphoric  acid  (contaminated  with  all 
»ilul)le  salts  which  the  bones  contained)  remains  behind. 
Tliere  are  three  different  hydrates  of  phosphoric  acid,  each  of 
UJuch  piisesses  the  properties  of  a  distinct  acid  :  viz. — 

B^phosphorie  acid HPO.  or  HO,P(), 

Orthopli. •■^phoric  or  ordinary  phosphoric  acid.H,PO,  or  3  ITO.PO, 
Jppho-phoric  acid H.P.O,  or  2  II(.>,PO, 

^■Iliese  different  hydrates  of  the  acid  retain  their  peculiar  cha- 
'  TBcteristics  when  dissolved  in  water,  and  combine  with  1,  witli  3, 
or  with  4  equivalents  of  basyls  to  fonn  salts,  according  iis  the 
meiJiphosphoric,  the  orthophosphoric,  or  the  pjTophosplioric  acid 
i«  employed.  Owing  to  the  important  influence  whicli  the  study 
of  these  combinations  has  exercised  upon  the  theory  of  saline  com- 
bination* in  general,  it  will  be  necessary  to  examine  them  some- 
what in  detail. 

(44S)  O rthojyhofmJioric  or  Trihmic  Pho»phoric  Add  (ir,PO. 
or  3HO.PO,).  If  tlie  liquid  formed  liy  dissolving  the  glacial  acid 
In  water  be  boiled  for  some  time,  and  carbonate  of  sodium  be  tlu-u 
iddetl  until  the  solution  becomes  slightly  alkaline,  atriba'^ic  phos- 
phate of  sodium  and  hydrogen  is  obtained,  which  on  evaporation 
fcryBtallizcs  in  large  transparent  rhombic  prisma  (Na,irP0,, 
12  H,0).  If  this  solution  be  mixed  with  a  neutral  solutifm  of 
litTAto  of  silver,  a  canary-yellow  precipitate  of  tribasic  phosphate 
>f  silver  (Ag.PO.)  is  formed.  xVUhnugh  this  solution  M-ae  neutral 
It  slightly  alkaline  )>ei'or(i  adiuixturv  witli  nitrate  of  silver,  \t  ^\\V 
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be  found  afterwards  to  have  h  decidedlj  acid  I'eaction  upon  litinn 
nitric  acid  having  been  liberated: — 

K^a,irPe,4-3  AgNO.  =Ag,PO,4-2  NaXO.  +  KN^O,. 

Acetate  of  lead  may  be  used  as  a  precipitant  instead  of  nitn 
ol  silver,  and  in  tliiii  case  a  white   triba.'^ic   phosphate   of  le 
(Pb,  2  Vf^^)  sulisides.     If  this  jibn^pliiite  of  lead  Ik?  well  wnshe 
!-ux|H'iidod  ill  water,  and  expoM'd  to  the  action  of  a  current  or 
siiliiliuivtti'd  hydrogen,  pure  orthoiiliosphoric  acid  is  liberate<lan^ 
liti'utiies  diss(tlved  in  the  lirjitid,  whilt^t  the  black  in!»oluble  sul^ 
j.liide  of  lead  is  funned  ;  Pl>,  2  Pe,  +  3  H,S  =  2  H,re,  +  3Pb 
riio  sulphide  oi'  lead  may  be  removed  by  filtration,  and  the  acid 
obtained   in.   deliiiuescciit,   hard,  brittle,  prismatic,   transparec 
crvbtalrt,  by  evaporatiim  in  r<7c?/o  over  suljdmric  acid.     Itrecntir 
thit'C  atoms  of  unie<jniv«lent  basyl  for  saturation.     The  salts 
this    hydrate    form    the    ortJioj}/i.o»phai.es    or    common   tri 
jt/idtijt/iaftuf. 

There  are  three  varieties  of  these  Baits",  which  may  be  Lndicat 
by  general  tbrniuloe  as  follows; — ■ 

1  Basic  phosphates. M,PO, 

1  Neutral  j.hor^phatee M.III'0. 

3  Acid  phortpliates MH.PO, 

It  ifi  not  necessary  that  tlie  3  equivalents  of  basyl    Bhonld 
(finsist  of  the  same  metal  in  these  salts  ;  two  or  even  three  differ- < 
eiit  basyls  may  coexist  in  the  salt ;  as,  for  examj)le,  in  uiicro-J 
cosmic  sjdt,  or  phosphate  of  sodium,  ammonium  and  livdrc 
(NaII,NIlPe,.  4  H,e). 

In  the  first  class,  the  three  atoms  of  hydrogen  in  the  acid  ha^ 
been  displueeil  by  3  equivalents  of  a  metal,  as,  for  example,  in  tl 
triliiisic  phiisphate  of  sodimii  (Na,PO„  12  II,0) ;  these  salts  whea^ 
.sohiljle  have  a  strongly  alkaline  reaction  :  in  the  second  elasp 
otcHiis  of  the  basic  liydnigen  have  been  disjdaeed  by  2  equivalents! 
of  a  ini'tal ;  they  are  like  the  ordinary  rlionibic  ydu^sphate  of| 
8o<lii)ni  <Na,,ni'«4,.  12  J !,<->)  ;  the  sobible  falts  of  this  fhi>«;  ar 
neutral,  or  have  a  feebly  alkaline  reaction  :  whilst  the  tbinl  class] 
contain^  only  1  equivalent  of  metal  vvitii  2  atoms  of  basie  liydr 
gen  ;  they  are  of  the  form  of  the  salt  (NaII,PB,,  11,0)  frequenth 
called  the  biiihos]>hnte  fif  soda  ;  thc;pe  salts  have  a  strongly  acic 
reaction,  and  are  often  spoken  <if  as  the  suprrji/iojtphates. 

The  soluble  orthopbo>])hates  arc  fhanicterizecl  by  the  yellowS 
phos]ihatc  of  silver  which  their  nentm!  solutions  form  with  nitrate^ 
■of  silver;  t]iU  precipitate  is  freely  soliil'le  Imtli  in  nitric  acid  and 
in  ammonia,     fliey  also  yield  a  crystalline  precipitate  when  »^ 
clear  solution  of  snlphate  of  magnesium,  rendered  alkaline  b^M 
ammonia,  is  briskly  stirred  with  them  ;  this  precipitate  is  inso^f 
bible   in   water   which    contains   free   ammonia ;    it  consists   offl 
(Mg"H,NPO.,  6  n,0):  when  ignited,  the  water  and  ammonia 
are  ex]>elled,  and  it  liecomes  converted  into  pyrophosphate  of  mag- 
nesium (Mg,P,0,),  a  com]>oniid  frequently  employed  as  a  means 
ofestinmting  the  amount  of  pbosyliatea  in  solutions  which  contain 
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tlein;  100  parts  of  the  ignited  residue  contai:iing  04 "0  of  P,0,.* 
Ni.'Utral  solutions  of  the  orthophosphates  give  precipitfttes  with 
saiti  itf  barium  and  calcium  ;  the  phosphates  of  barium  and  cal- 
ciam  are  readily  soluble  in  acetic  acid  ;  but  free  phosphoric  acid 
pre*  no  precipitate  in  solutions  of  the  nitrates  of  calcium,  barium, 
(liver,  or  sesqaichloride  of  iron  ;  when  molybilate  of  amniouiuni  ia 
iddifl  to  a  solution  of  a  phosphate  acidulated  with  nitric  acid, 
»  chai-acteristic  yellow  precipitate  of  tnttlybtluphoj-phate  of  ammo- 
niniti  is  formed.  The  quantity  of  [>h()sphoric  acid  in  a  solution 
may  alt^o  be  ascertained,  if  neither  f^ulphuric  nor  hydrochloric 
acid  be  present,  by  mean^  of  acetate  of  lead  ;  the  solution,  liefore 
diis  salt  i.s  added  to  it,  slumld  be  neutralized  by  ammonia,  and 
then  acidulated  freely  witij  acetic  acid  ;  tlie  precipitate  (PbIIPO<) 
should  bo  well  washed  and  ignited,  by  which  means  it  is  rendered 
Milivdrous ;  100  parts  of  the  ignited  residue  rei>re6ent  23-05  of 
iP,^,).  Chancel  has  lately  shown  that  the  acid  solution  of 
tiitrate  of  bismuth  furuislies  an  admirable  method  of  separating 
ihoric  acid  from  many  mctali?,  such  as  iron,  calcium,  and 
um,  which  fonu  phosj>hates  soluble  only  in  acidulated 
liquids.  Care  is  requisite  to  remove  any  chlorine,  or  sulidiuric 
mi  trom  tb*  liquid,  before  adding  the  solution  of  bismuth,  which 
\i  prepared  by  (hsaolving  1  part  of  the  crystallized  nitrate  in  4 
•'--'  if  nitric  acid  of  sp.  gr.  I'.Sfi,  adding  30  parts  of  water,  then 
_'.  and  filtering  if  necessary.  In  8e])arating  the  ortho- 
j)l)u.>l>lKite  of  bismuth  by  this  reagent,  tlie  liquid  must  be  boiled, 
iind  the  precipitate  well  washed  with  hniliug  water  and  carefully 
dried:  lUO  parts  of  the  pliosphate  of  bi-mutli  (DiPO.)  correspond 
to  2328  of  phosphoric  anhy<h-ide  (P.O.).  With  ferric  salt* 
phosphoric  acid  forms  an  insoluble  buff-coliturcd  prt'ci[)itate 
(Pel*0„  2  ILjO),  which  is  also  sometimes  emi>loyed  to  estimate  the 
qoautitv  of  phosidioric  acid  in  a  solutinn. 

i44S>)  Pijn.pLnphoHv  Add  (II.P,0,  or  2  IIO,PO.).— When 

r!ioi;ibic  phohpliute  of  sodium  (Xii,II1^0,,  \'l  11,0)  is  exposed  to 

heat,  it  molta  in  its  water  of  crysttdlization ;  and  by  eontiiming 

(o  apply  to  it  a  teinpemture  not   exceeding  o()n-',  it  may  be 

rerhiced  to  a  hard,  white,  saline  mass,  which  may  be  redissolved 

in  water  with  all  its  former  pror»erties.     The  dry  mass  consists  of 

Na,IIP0,.     If,  however,  it  oe  Jieated  to  redness  before  redissolr- 

iag,  two  atoms  of  the  salt  coalesce  and  a  new  salt  is  formed ;  1 

ttt<in»  of  water  is  expelled  ;  2  Xa,IIPO,  hecomiug  Naj*,0,  +  II,0 ; 

on  rodisAolving  the  residue  in  WHter  aii<l  eva|>or:iting  the  solution, 

tJie  liquid  no  longer  yields  rhombic  crvstnls,  but  funii>lics  :icicular 

•ystsiU,  composed  of  Na,P,0,,  Id  II,0  ;  and  the  nidutiiin,  irtstead 

«  yielding  a  yellow  precipitate  with  iiitnite  of  silver,  now  gives 

a  white  one,  consisting  of  ^Vg,P,0,.     In  this  case,  the  solution,  if 

nentral  to  litmus  before  intermixture  with  the  silver  salt,  remains 

neutral  afterwards,  because  no  free  acid  is  liberated : — 

4  AgXe,  -f-  Na.P,e,  =  4  XaNe.  +  Ag,P,e,- 

•  The  tinif^iiJatea giro  precipitates  lioth  with  flmmoniacal  salts  of  mttgneswva  mA 
k  njtify-bdic  add,  aimilar  to  cJbose  fuminhed  by  the  phosphates. 


PHOSPHATES. 

"Wifli  a  solution  of  acetate  of  lead  the  pyropliosphate  of  ^xUnq 
also  occasions  a  ■white  jirecipitnte,  the  composition  of  whidi 
represented  by  the  forniula  Pb^.O, :  and  if  the  lead  salt  be  soi 
ponded  in  water,  and  decomposed  with  sulphuretted  hydrogen, 
yields  a  eohition  of  pyrophosphorie  acid  (H,P,0,).    ^he  esa 
of  sulphurettt'd  liydrogen  must  be  crot  rid  of  by  exposure  to  \h 
air  (not  by  heat,  otherwise  the  tribaj^ic  acid  is  formed  by  tli 
assimilation  of  water;  11,0  +  H.P.e,  =  2  H,POj,  and  the  aci 
nmy  be  obtained  in  crystals  by  evaporation  in  vacuo  over  svi 
pburic  acid.     This  phosphate  of  sodium,  from  the  mode  in  wlii 
It  is  obtained,  is  often  termed  (from  irCp,  fire)  the  jfyrop/io>fj)/tate 
podium,  and  the  corresponding  salts  of  the  acid,  ptft'fijtftimjyhati 
No  solid  pyrophosphate  of  potassium  or  of  animoniura  can  1 
obtained  ;  these  salts  are  stable  while  in  solution,  but  on  evapoi 
tion  they  become  converted  into  tribaaic  phosphates  by  tlie  a*simf 
littion  of  water  (Grnhnrn).     Two  classes  of  jiyrophosphates  m» 
be  ]>rocured  ;  one  with  4  atoms  of  a  fixed  basyl,  with  tlie  formiu 
M.r,0,  like  the  ordinary  pyrophosjihate  of  sodium  (Na,P,0„  1( 


11,0) ;  the  otlier  cniitaininn;  two  atoms  of  hvdrof^en  and  two 
uniequivalent  metal  (M,II,P,f>,),  oiirrcspoiuling  in  compoeiti 
to  the  acid  pyrophi>sj>liate  of  sodiinn  (Na,II,P,0,) 

Neutral  soluti(His  of  tlie  pyro]>bosphates  aJso  give  in  solution 
of  salts  of  calcium  and  barium  white  precipitates,  which  are  tb 
pyrojthosphatcH  of  tliese  metals;  saHs  of  nickel  and  copper  giv 
with  pvrojibospbate  of  sodium  double  salts,  containint?  2  atom 
of  sodium  t<i  3  of  tlie  other  metal;  2  Na,P,0,  +  ZBa'^2  NO,: 
eu".Xa,  2  P,0,  -f  <;  NaNO, 

The  foUowiu}^  talilc  furnishes  a  synoptic  view  of  some  of  tb 
principal  phosphates,  inetaphosphates,  and  pyrophosphates ; — 


L  ORTnopnospaATHB. 
M.Pe,     ;     M.UPC^,     ;     MH,?©, 

Subphosphato  of  sodium NnsP6<  .  12  H.O 

Hliombic  pliosphtof  Rodium NajJlPH,  .  12  Ha6 

Arid  phosphate  of  Bodium NfiHPy4  .  IlaO 

Microeosmic  salt NaH.NIIPB,  .  4  H,0 

Basic  phosphate  of  calcium t^a"j  2  PO, 

Buperphosphato  of  calcium €n"H4  2  PO« 

Phosphate  of  nuigneBium  and  )  uv'tt  v  pa     6  H  O 

Ftiric  phosphate F«  "PO«  .  2  IT,© 

Phosphate  of  lead Pb  ",  2  Pe, 

Phosphiite  of  bismuth Bi"'POi 

Phosphate  of  silver  (yellow) AgiP©« 

n.   MKTAPa0SPIIATE&      MPOa. 

MetaphoBphnte  of  sodium  NnP^^i 

Mutaphosphate  of  load Pb  '  2  P«, 

Metaphosphato  of  silver AgP€>i 

ril.  PTBOPnoSPHATBS.    M«P,e,;  Mif'.P,©, 

Pyropliosphate  of  sodium Fa«P,07  ■  10  HgO 

Pyrophosplmle  of  lead Pb"«P,Oi 

Pyrophosphate  of  copper  and  sodium.  .€u".Na,2  P.Oi 
Fyropbosphttte  of  silver Ag«Pi&T 


3  NnO.PO.  .  21  no 
2NuO,I!0,PO.  .24H0 
NaO.  a  HO.PO,  .  2  HO 
N80,n,NO,HO,PU,.8  3 
3  CuO.PO, 
CaO,  2  HO.PO, 

2Mg:0,H,NO,P0..13HO 

Fe,0„PO, .  4  no 
3  PbO.PO. 
BiO,.PO. 
3  AgO.PO. 

NbO.PO, 

Pbapo, 

A«0,PO. 


2  NaO.PO. .  10  H( 

2  PbO.PO, 

3  CuO.NttO,  2  PO, 
2  AgO,PO. 
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')   M't^iphofpluirlc    Acid    tllPO,). — If,    ill    iiiii>;iriii<,'   tin; 
iMc  ^/]i'>^mnte  of  stHlium  (-448),  two  equal  jKirtioiis  of  phob- 
ic acid  be  tiiken,  and  after  neutralizing  oue  j>ortioTi  with 
>uate  of  sodiuiu,  aa  above  directed,  tlie  second  quantity  of 
Ihj  added  to  the  neutralized  solution,  a  tribosic  phojplmte  of 
inm,  couriisiting  of  XalI,PO„  will  be  obtjiined  on  eviiiionitiiig 
liquid  to  dryness ;  but  on  igniting  the  residue,  the  2  atonia 
jdrogen  will  be  expelled  in  tlie  form  of  water,  and  a  fiisible 
lobasic  plawphate,  or  irn;tapho»j)hate,  of  sodium  (XaPO,)  will 
uain  in  the  lorin  of  a  transparent  ghiss.     This,  if  dissolved  in 
r,  givei  with  nitrate  of  silver  a  gelatinous  white  precipitato 
»P0,)  different  in  appearance  and  coinpi»;4ition  from  either  of 
tliL'  fiirmer  phosphates  of  silver;  it  is  stjluble  in  excess  of  the 
sodium  gait.     W  ith  acetate  of  lead  a  white  precipitate  also  is 
(onaed  fPb 


2  Pt:^,):    it  is  fusible  in  boiling  water 
dcwimposed  \vith  sulphuretted  hydrogen  it  yields  tlie  correspoi 
ingocid  (HPO,),  whu'li  is  distingiiished  from  the  other  hydra: 


and  when 
nd- 
atea 
hv  its  power  of  coagulating  the  albumen  of  white  of  egg.  It 
aw)  gives  white  precipitates  with  chloride  of  barium  and  ni- 
trate of  silver.  Acetic  acid  does  not  coaguliite  albumen,  neither 
doi-f  11  sohition  of  metaphosphate  of  sodium  ;  bnt  if  the  two  sfila- 
tioDs  ite  mixed,  tlie  acetic  acid  liberates  metaphosphoric  acid,  and 
tk'  iilbumen  becomes  coagulated.  Tribiusic  phosphoric  acid  by 
prolonged  heating  to  redness  loses  water,  tlie  glassy  residue  being 
coavcrted  almost  entirely  into  metaphosphoric  aeid.  Metaphoi- 
phate  of  sodium  is  capable  of  combining  witli  water  of  crystal- 
I  Wii>n,  and  retains  1  atom  if  dried  at  212° :  this  water  is  not 
^■iM.'^ic,  for  on  again  dissolving  the  salt,  it  gives  the  usual  rejictions 
^Bf  thu  metaphosphates.  If,  however,  the  salt  be  heated  to  300°, 
^Kdoes  not  lose  weight,  but  becomes  converted  into  the  acid  pyro- 
Kphiisjihate  of  sodium,  the  water  by  the  application  of  heat  having 
changed  ifc?  function  in  the  salt,  its  hydrogen  having  now  become 
ic  (^Grahamj : — 


of  ao  iluin. 


Prro|ihowh*te  nfiodlam  »Qd 
nyiirtii^ea. 


2NaPe„II,e  becomes      Na,IT,P,0,. 

ilii!  change  of  properties  in  the  salt,  without  any  change  in  the 

oportions  of  its  components,  here  admits  of  u  satisfiictory  ex- 

ination  ;  and  it  is  a  striking  and  instructive  illustnition  of  the 

ility  with  which  chemical  componniJs,  l>y  a  change  in  molecular 

stitution,  may  sometimes  give  rise  to  substances  the  properties 

f which  may  be  very  different,  though  the  results  of  tlicir  analysis 

"Tn  100  parts  may  numerically  coincide. 

Metaphosphate  of  sodium  forms  with  salts  of  barium  a  white 
luble  metaphosphate  of  barium  (Biv  2  PO,);  but  this  preeipi- 
f  when  boiled  becomes  gradually  dissolved,  assimilating  2  atoms 
Twater,  and  becoming  converted  into  the  acid  tril>asic  phosphate 
'barium  (Ball,2  POj.     The  compounds  of  this  nioditicatinn  of 
sphoric  acid  are  monobasic.     Their  solutions  redden  iitmiia 
ebfj. 


Ifflfg,^;.. 
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The  aqueous  solution  of  inetapliosphoric  acid,  when  boiled,! 
bf'ooijifs  t-niiverteil  inti»  the  oi'diniiry  tribiL*ie  acid,  enrisefjueiitlv  it] 
(;amiiit  he  concentrated  by  the  action  of  heat,  IIPO, -fH,0  be- 1 
coniin}^  II, PO,:  but  t!ie  i^nlution  maj  be  preserved  at  commoaj 
teniperatures  witliout  ehitnge.  I 

Flcitinaun  and  Ilcrnieberg  {Llehujs  Aim.  Ixv.  324)  hare  de»j 
ei'ribed  two  cliiisscsoJ Valts  which  are  i>ntbabiy  aiil]ydri>-phosphatea. 
By  niclfing  pyj'oplia-tphate  and  nietapliosphate  ot  liodiuni  together,] 
ill  the  pnijidiiittii  of  1  atom  ol"  p\Topliosphate  and  2  of  luetaphor-} 
phutc,  tlicy  olntiiiued  a  salt,  fl,  consisting  of  2  Xa,POj,P,0, ;  and] 
by  fusing  S  utonjs  of  the  iiietaphospluite  of  sodium  with  1  atora 
of  tlie  pyropho^pliate,  a  detiiiite  soihum  salt,  b.  was  oht«ine<l, 
whidi  consisted  of  4  Na,PO„  3  P,Oj;  botli  these  salts  are  vcryj 
unstable,  and  in  snlutiou  pass  quickly  into  a  mixture  of  pvrophc 
phate  and  inetapliosphate.     DeKnite  salts  of  silver  and  ot  magDe 
sium  e(HTesp<inuiiif;  to  tlicse  eoinponnds  were  obtained. 

(Jdliny  ]iroposea  to  represent  these  various  elapses  of  salts  at] 
follows,  eomparinn;  qnantities  of  each  which  contain  equal  amounts 
of  inetiUlic    biisyl,   tiie   qnantity   of  phosphoric  auhydi'ide  suc- 
cessively ineresising  in  each  series: — 

Orthopliosphatea 6  M,e,  2  P,e,  or  4  M.PO. 

Pvrni.hosphittes 6  M.O,  3  P.O.       3  M.P,f>, 

Pleitiuann  and  Hennelierg,  a  6  M,e,  4  P,e,       2  M.P.O,. 

Do.                     do.         h  G  M.e,  5  P.O.         M„P„e,.   j 
Metaphosphates 6  M.O,  6  P.O.     12  IkLPO,        M 

and  lie  represents  the  pyropliospliates,  ai>  well  as  the  salts  diS'H 
covered   by   Fleituumii   antl    lleiineT>eri;,  as   eimipounds  of  theV 
orthopliospliates,  with  differeiit  proportions  of  a  metaphosphate. 
A   mTo]>hosr)hate,   for   example,   may   be   represented    thus: — 
Na,»*^o^"P€>,=Xa,P,0, ;    Fleitmann  and   lleiineberg's  salt  a 
beini,'  Na,Pe„  3  NaPO,=  Na,P.e,„  and  the  salt  h  being  Na,PO„  J 

9  x^e.=xa„p„e..-  ■ 

Mod ijieaf ions  of  Meia phosphoric  Aeid. — If  the  ordinary  Offl 
glassy  metaphosphate  of  sodium  be  fused  and  allowed  to  ccnd  ver^f 
slowly  it  fiirnt!>hes  a  beautiful  crystalline  mass,  which,  when  dis-     ' 
solved  in  a  smtdl  quantity  of  hot  water,  forms  a  liquid  which 
divides  into  two  strata ;  the  smaller  of  these  contains  unchanged 
metaphos])liate  of  sodium  ;  but  t!ic  bulk  of  the  li(iuid  is  a  solutiou 
of  the  ervstalline  salt,  which  may  be  obtained  on  evajioration  in 
oblique  rlionibie  prisms  (♦•  NaPO,,12  H,0) :  the  solution  of  thift 
salt  is  ru'utnd,  and  has  a  cooling  saline  taste,  whilst  that  of  the 
ordinary  or  vitreous  motiqiliosphate  is  insipid.     The  crystalline  J 
salt,  by  boiling,  is  rajiidly  converted  into  the  (wid  i>rthophosphate^ 
(NaH,P(r>,) ;   a  iK'autifully  crystallized  silver  salt,  etnisisting  of 
0  AgPO,,  2  }!/>,  niay  be  obtained  from  the  crystalline  sodium^ 
salt  by  precijiitation,  and  a  similar  lead  salt  (3  p'b  2  PO„3  H,Bjfl 
may  also  be  procured.  ^| 

Ma<ldrell  (Proceed.  Chitn.  Soc.^  1847,  p.  273)  has  described  ifl 
series  of  monobasic  nieta]>hosphate8  which  are  anhydrous,  crystal- 
line, and  insoluble  in  water,  but  soluble  in  oil  of  vitriol.     Thej 


PHOSPnOEOUS    ACIl) PHOSPinTKS. 


IM 


were  formed  by  heating  a  solution  of  the  sulpliate  or  nitrate  of 
the  metal  with  an  excess  of  phosphoric  acid,  until  the  sulphuric 
or  tither  acid  of  the  salt  was  expelled.  SalU  of  potassium,  sudiuin, 
«lumliiui«.  copper,  nifkel,  and  others  were  thus  procured.  The 
so^liuui  salt,  it  prepared  with  pliosphi»ric  acid  which  contains 
tna^tii'siuni  or  any  metal  isoninrpluius  witli  niugnesiuni,  foriu.>*  an 
tntoluble  double  nietaphosphate :  the  uiaiinesiuin  double  salt  is 
crystalline,  and  coa^ists  of  3  Mjjr  2  PO,."2  NaPO,.  These  dif- 
ferent varieties  of  nietaphosphatcs  are  supposed  ti>  l>e  due  t<»  the 
erintence  of  several  polymeric  varieties  of  metaplntsphoric  acid. 

(4f>l)  PuospHiiKous  ^\_NHVi>ttiuE  (P,0,)  iiiav  be  procurcil  liy 
bnmiug  phosphitrus  in  a  litnitcd  current  of  dry  air.  A  white, 
volatile,  (lelicpiescent,  intlanunable  powder,  destitute  of  crystalline 
stmcture,  is  thus  obtained,  often  mixed  with  small  quantities  of 
oxide  of  phosphorus  and  phittijihoric  anhydride. 

Phosphoroufi  acid  (II,PIIt>,)  may  be  obtained  in  solution  by 
tnwisinilting  a  stream  of  clilorine  very  slowly  through  a  deep 
layer  of  ph(Psphorus  melted  under  water,  so  that  each  bubble  of 
^*.  shall  be  ooinpletely  aI)sorbcd  by  the  phosphorus;  terclibiride 
of  [iliosphorus  (PCI,)  is  formed,  an<l  is  iniineiliatcly  deroiniujsed 
bv  tlie  water  into  livdrochinric  and  jibnsjihorous  acids  ;  P(  1,4-3 
U,0^l£,Plie,  +  3'lR;l.  If  the  acid  li(juid  be  concentrated  by 
a  heat  not  exceeding  400",  hydmchhiric  acid  is  ex]»elled.  and  the 
ik'id  is  obtained  in  deliipiescent  rectangular  prisms.  When  e.x- 
p<«d  to  the  air  it  itradually  absorbs  oxygen  ;  and  iiy  a  high  teiu- 

1>erature  it  is  deoimpttsed  into  phosphoric  acid  and  |ihosplmrctted 
ly-lrogen  (4lL,PHe.  =  3  IfJ'H^  +  11,1').     It  is  also  famished  in 
a  K-Mj.  pure  form,  by  the  slow  combustion   wliicli  oeeuis   when 
I'liospliorus  is  let^  exposed  to  the  action  of  the  atmot-phere;  this 
luaj  lie  safely  effected  by  placing  sticks  of  phosplmnis  separately 
in  liiiius  open  at  both  ends,  tiie  lower  aperture  of  the  tube  being  a 
iitfJe  contracted  so  as  to  prevent  the  pl)ospln>rus  from  falling  ont; 
a  uiiinber  of  these  tubes  are  then  phiced  in  afunbel,  and  lhc<lense 
aoiii  liquid  wliieh  is  gradu*dly  fonnetl  draiuh  into  a  vessel  place*! 
fiif  its  receptiim.     In  this  j)roce>s  plio^phoi-ous  ac:i«l  is  first  pro- 
duced;  the  acid  being  deliipiesceiit    attnicts  moisture  i'rcnn  the 
air,  and  ihen,  Uy  gradually  alisurbing  oxy<»eu,  it  furtiis  jihu.vphoric 
scid.     The  oxi<iatIon  never  proceed.s  so  far  as  to  convert  the  wlmle 
into  phosjiiioric  acid  ;  the  liquid  tlierefore  contains  a  itiixture  i>i' 
phosphorous  and  phosphoric  acids,  which  was  at  one  time  supi>t»sed 
to  be  a  peculiar  o.xide  of  phosphorus,  and  was  iertned  jf/wiphatio 
acid. 

Pfuntphit^s. — Phosphorous  acid  is  dibasic,  and  forma  two  class- 
es of  salt-s,  the  general  formula  of  its  norma!  salts  being  M,PITO„ 
aud  that  of  the  acid  phosphites  is  MIIPIIO,.  Neuti'al  phosphite 
of  sodium,  for  instance,  consists  of  Na,PlIO„  5  II,t) ;  wlieii 
heated  U>  572°,  the  5  atoms  of  water  are  expeUcd.  The  acid 
phosphite  of  barium,  dried  at  212^,  consists  of  (Ball,  2  PIIO,). 
The  acid  phosphites  when  heated  emit  hydrogen  tr!i.s^  whilst  a 
nietajdiospuate  remains  beliind;  thus  (Ball,  2  PIIO,)  becomes 
fia  2  PO, +  2  11,.     The  a<jrmal  2>ht>sj>hiti»;  wlicn  heated  also  emit 
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phospliuretted  hydrogen  ;  for  instance,  in  the  caseof  phos{ihit«of  J 
lead,  5  PbPIIO;  ylM  Pb,  2  P0.4-Pb.P,e,  +  IJ.P+n,.     Fre«l 

j)lii>si>li<jroni>  acid  doc-i^  nut  iiiiuic<liatoly  redufe  p<?nii: 
]>atiissiuni,  uiik'Sh  hratfd  with  it;  c'l  reaction  whidi  ■  liesj 

It  tVuiii  ])y|Hi]iln)S]ihnr(iiih  !K'id,  which,  even  in  tht'cold,  lapiiUy  dis- 
chur^es  tlie  cdl^nir  ol'  tiic  iH'nnnn<rHnatc  in  acid  solutionis.  The 
iioriniil  pliosjiliitt's  of  the  alknli-TTiftals  are  freely  sohiMe,  most 
others  hut  sparinfrly  bo:  anmnLrst  them  the  jihoephite  of  loud  is 
the  least  soluble;  it  is  ulso  ins<iltil>Ie  in  acetic  acid.  With  a  solu- 
timi  of  e«irrosive  i-uliliiuate  (HgCl,>,  acidulated  with  acetic  add, , 
the  [diDsiiliites  give  a  wiiite  precipifute  of  calomel,  the  formation 
<if  \vlii<-Ii  is  hiisteiied  hyheutiiitr  the  li<|uid.  Another  cliaracteris- ' 
tic  reaction  is  the  reduction  of  >u![»hiirous  tu-id  hy  a  sM^dutlou  of 
tiie  phosphitL-s,  with  eViiltitioii  of  siilpliiirettcd  hydrogen,  attended 
hy  sitnultaiieous  precipitation  of  sid|diur,  owing  to  the  action  of 
the  isulphurous  aeid  on  the  snlphuretted  hydri^gen: — 

3  u,piie.+H,se.=3  ii,po,+u,s. 

(452)   IlYrnrnospnoRors    Acid  (IIPJF.H^). — This  coinponndl 
was  formerly  consiikMv<l  ti<  he  an  a(;i<l  of  idiosphorus  with  a  still  f 
smaller  ijUHutity  of  oxygen  thun  the  [iieceding,  but  its  anhydride 
has  never  been  of>tained.     It  is  produced  whenever  phoephorm 
is  boiled  with   a  solution   of  eaustit-  potash  or  soda,  or  with  %\ 
hydriite  of  one  of  the  alkaline  earflis.     It  nuiy  lie  procured  ii 
combination,  by  Hose's  method  of  boiling  phosphoru-s  with  hydrate 
of  liaryta   in    water;    p!iosplnu'ctte<l  hydrogen  escapes,  an<l  ou^ 
evajioration  a  barium  salt  is  obtained,  eoinposed  of  fia  2  PII,0^ 
owing  t(v  the  fullowing  de<'oni]iosition  :  3  (H;iO, II,i^)  + 2  P.-(-< 
n,^0  =  ;^  (Ba  2  PII,0,,)  +  2   II,P;  and  on  adding  suljihurie  acia 
cautiously,  pure  hypo|i]io.-.[ihi  irons  acid   is  obtained  in    solution 
whilst  the  barium  is  .-eiiarateil  as  sulj'hate.     The  hypophos.phit{ 
of  bariimi  may  aL^u  he  prei>Kre<l  by  heating  phosphorus  with 
solution  of  sul]>lii<le  of  barium,  when  free  hydrogen   with  phoa-l 
phuretted  and  sulphuretted  liydrogen  ese-iijie  ;  the  hist  traces  of  J 
sulpliide  of  barium   are  removed   by  the  addition  of  a  little  sulr 
phate  of  lead.    Ilypoiihosjiltorous  acid  forms  an  uncrystallizabU 
syrup,  which   hits  a  sour,  liitterisii  taste;  its  aciil  properties  ar 
but    feeljly  marked,  and    its  solution  gradually   absorbs  oxygei 
from  the  air.     When  heated,  it  rtrst  hjses  water  ;  and  hy  a  etrongel 
heat    is   <lec<imposcd,    emitting  idios|dun'etted  hydro";en,  whilst 
jihosphoric  acid  is  set  free;  2  IIPII.O,  betioniing  II.rO,  +  TT,r 
Owing  to  the  partial  deeouiposition  of  the  pliosphurette<1  hydro^ 
gen,  a  little  phosjvhorus  is  generally  dej>ositeil  at  the  same  time, 
and  a  corresponding  (piantity  of  hydrogen  is  liberated. 

J/i//»>ji/iii/<j>/i/fr.s. — The  researches  itf  Ihiloug,  of  I{f»se,  and  Oi 
TVurtz  have  sluvwn  that  the  hypnpliosiihites  are  monobasic,  cov 
seciiiently  the  aeid  forms  but  h  single  class  of  salts,  of  which  thi 
normtd  formula  is  MPIL^O^.  Ilypophosnhite  of  sodiuiu,  for  ex«^ 
ample,  consists  of  NaPII,<.^, ;  that  of  lead  may  be  reprcj^ented 
PI)  2  PIIjO,.  They  correspond,  therefore,  to  tlie  inonobasic  phc 
jfhute^j  but  2  atoms  of  hydrogen  have  taken  the  ylaee  of  1  atomT' 


I'w^an  in  the  phoojOioric  acid.     The   hYi>0|ili<>.-i>tiiK's  iim  all 

eohil'lo  in  water;  nuuiy  Dt'thciu  crystiillize  easily,  liy  >jniiit!iiiG<>He 

e\uji( iratiun  ;  the  cryistallize*!  salts  may  he  lll•t•^c^s(•ll  uiichuiit;ed, 

Imt  their  solutions,  wlieu  evaporated  at  a  liigli  tfiiiju'iiiluru,  oro 

eradiially  converted  into  phosjihitw  by  ahsorptiuti  >A'  oxyo;en. 

Like  phiwphoruus  acid  they  reduce  nold  and  silver  from  uieir 

ealts.     Tlie  hynopliosphites  of  the   alkaline   inetak  contain    no 

water  «>f  cn'stallization ;  they  are  deliquescent,  and  also  soluble  in 

alcohi'l.*     The  h^ixiphogpliite  of  calcium  (<ra2  PII,0,)  requires 

al)t>ul  H  ]»arts   of  cold  water  for  solution,  and  is  scarcely  more 

Mtluhle  in  l«.iiling  water.     Each  atom  i>f  the  barium  salt  retains 

an   atom   of  water  when  crystallized  at  ordinary  temperatures, 

but  if  crAstallizod   from   a   boiling  holution   is  deposited  in    an- 

bvilrous  tables  (Ba  2  PII,0,).     The  liypoplmsphite  of  magnesium 

(ihr  a  Pll,<^,.6  il,0)  crystallizes  in  biilliant,  rcf^nlar,  octohedra, 

wlueh  are  efflorescent.     The  hypoj>hosphites  of  nickel,  ctibalt,  and 

iron,  als<i  retain  (5  II,0 ;  those  of  zinc  and  manganese  retain  but 

1  atom  of  water  of  crystallization,  which  they  lose  at  ^liOO'^. 

Ilypophusjihorous  acid  is  distinguisbfd  froju  j>hoj.phorous  acid 
bv  II  rcriiarkalde  reaction  with  the  suites  of  copper ;  if  to  an  excess 
yf  frt-e  hypophosphorous  acid  a  solution  of  sulphate  of  copj)er  \>q 
wMeil.  and  the  liquid  be  warmed  to  alj^jut  loU",  a  solid  insoluble 
bvdride  of  copper  ^OuI^)  is  jirecipitated.  On  raisiuii  the  liquid 
liieh  contains  the  precipitate,  to  the  iHiiKni^-poiiit,  this  hydride 
I  de«.'Otnposed  into  hydrogen  <xii»  ft'id  metallic  mppi-r. 

(453)  Oxide  of  Phosphohus  (P.O). — A  still  lower  degree  of 
oxidation  of  phosphorus  exists,  which  jiossetises  neitlier  acid  nor 
alk.jjine  properties.  It  is  always  formed  in  small  qtiaiitity  when 
j'inK-jiiiorus  IS  burned  in  air,  and  is  one  of  the  constituents  of  the 
yiilhw  or  red  residue  at\er  the  combustiim  has  terminated.     It  is 

|iJOt,  however,  a  coiTipound  of  any  importance.  Oxide  of  phos- 
Wus  has  neither  smell  nor  taste,  and  is  quite  insoluble  in 
rater. 

(454)  Phosphtdes  of  Hydrogen. — ^N^one  of  the  compounds  of 
phosphorus  with  hydrogen  is  possessed  of  acid  clmnietors :  theso 
coiii|Kmnds  are  three  in  nund.)or  ;  viz,  II, P.  1I,P,  and  IIP,,  The 
lirit  is  gaseous,  the  second  liquid,  and  the  tliird  solid,  at  ordinary 
lemperatures. 

PhoxphureUed  Hi/drogen  Gas:  (H,P  =  34) ;  Thenretle  Sp.  Or. 
liTo;  Ohnerred^Vi^h;  Atom u'  and.  Mol.  Vol.  \  \  ]. — Phosphu- 
retted  hydnnren  is  a  highly  inflannnable  colourless  gas,  with  a 
fo'dd  aUiiVjeous  .o<lour,  li«juetiable  under  pressure  ;  it  is  slightly 
wliilde  in  water;  when  transnntted  through  solutions  of  certain 
metallic  salts  such  as  th<jse  of  lead,  co]i[)er,  or  mercury,  it  is 
al«orbed  and  decomposed;  phosphides  of  the  metals  are  produced 
and  itfe  precipitatc<l.  Those  of  lead  and  copper  are  blnck.  that  of 
mercury  is  yellow.  Solutions  of  the  salts  ot  gold  and  silver  are 
reducea  to  the  metallic  state,  and  phosphoric  acid  is  found  in 

•  Iljpophnsphjte  of  gcMlium,  wliirli  is  now  prepared  Inrpely  Tor  medicinal  pnii" 
p««ei,  eometiniea  czplodc-s  gpontanoousi/  duriug  the  eraporatiou  or  its  iquooas 
Mlutioo, 
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Bolution.  Wlien  tlie  gas  is  pure  it  is  wlioUj  absorbed  by  ft  soltitiii* 
of  chloride  of  lirae.  It  is  decomposed  by  sulphurous  aciJ  as  well 
as  by  chlorine,  bruraine,  and  iodine.  A  mixture  of  the  gasmtli 
air  or  with  oxygen  explodes  at  a  temperature  of  3(tO^,  or  filltfi^ 
times  even  at  coiunioii  temperatures,  if  the  pressure  be  &iidiltiiiy 
diminished.  In  this  gas  1  volume  of  the  vapour  of  phos]iInimi 
and  6  volumes  of  hydrogen  are  eunJensed  into  the  space  ut'  i  vu- 
luines.     Its  c-onij.K>i?ition  may  therefore  be  thus  represented; — 

H;  lirei^ht         II7  Til  6|i^  1^. 

Phosphonis P=    31  or  91-18    Ofi  or  OM  =  l-OIl 

HydroiKca ,....,..    Bi=     3         &83    30       15    =0104 


The  combining  volume  of  phosphunjtted  hydrogen  is  the  saint 
88  that  of  ammonia,  to  which  it  ia  analogous  m  cumposititm  ;  Imt 
it  is  witliout  action  upon  either  red  or  blue  litmus.  Some  indi- 
cation of  a  basic  ebanicter  is,  however,  shown  by  it,  for  it  com- 
bines with  eertiiin  of  the  acids  in  definite  propctrtions.  For 
example,  its  compound  witli  hydriodic  acid  (fI,P,iII)  is  foriiieil 
by  the  union  of  equal  volumes  of  the  two  gases,  which  in  act  of 
combination  do  not  undergo  condensation,  tor  its  vapour,  accord- 
ing to  Bineau,  has  a  density  of  2*77;  it  crystallizes  in  cubes, 
which  fuse  at  a  moderate  heat,  and  if  air  be  excluded  it  may  be 
sublimed  without  alteration.  These  crystals  are  deliquescent,  and 
are  decomposed  by  water  into  hydriodic  acid  and  phosphurett^d 
hydrogen  gsvs.  This  compound  is  easily  prepared  by  introducing 
into  a  small  retort  127  parts  of  dry  iodine  ground  up  with  pow- 
dered glass,  and  31  paits  of  phosphorus  in  small  fragments,  then 
adding  20  i)arts  of  water ;  the  vapours  which  come  off  consist  of 
the  compound  mixed  with  an  excess  of  hydriodic  acid ;  the  hydri- 
odate  of  phosphuretted  hydrogen  is  condensed  in  crystals  in  the 
neck  of  the  retort  if  it  be  kept  cool.  A  similar  compound  may 
be  obtained  with  hydrobromic  acid.  Hofmann  and  Caliours  have 
shown  that  by  displacing  the  hydroejen  in  gaseous  phosphide 
of  hydrogen,  by  ethyl  and  other  analogous  hydrocarbons,  com- 
pounds may  be  obtained  which  neutralize  acids,  and  are  power- 
iuUv  basic. 

Phosphuretted  hydrogen  combines  with  the  perchloridee  of 
many  of  the  metals,  such  as  those  of  tin,  titanium,  antimony,  and 
iron.  These  compounds  are  decomposed  by  water  with  escape  of 
phosphuretted  hydrogen  gas. 

Prejxiriitiim. — Phosphuretted  hydrogen  gas  may  be  obtained 
in  a  state  of  ])nritv  by  the  decomposition  of  phosphorous  acitl 
by  heat;  4  ll.PllO,  yielding  3  Il.PO, +  1I,P;  hypophosplio 
rous  acid  gives  an  analogous  result,  2  HPIi,0,  becoming  H,PO 
+  H;P. 

Phosphuretted  hydrogen,  however,  is  generally  prepared  bj 
heating  fragments  of  phosphorus  with  a  strong  solution  of  hydrat< 
of  potash,  or  with  cream  of  lime ;  hypophosphite  of  the  base  is 
formed,  with  extrication  of  phosphuretted  hydrogen  ;  P,-f  3  H,€i 
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KHO  becoming  3  KPII,0,  +  n,.     "WTicn  potash  is  used,  froo 

hjdn^n  is  also  evolved,  owing  to  the  gradual  decoTiipOiiitioti  ».if 

'hyjM'phosphite  when  boiled  wnth  excess  of  tree  alkali,  and  the 

ormatiau  of  phosphate.     The  gas  *o  t)btained  hiia  the  remarkable 

bm|n'rtv  <tf  taking  fire  spontaneously  in  atmospheric  air  or  in 

pnirfii  gas:  it'  allowi'il  to  escape  into  the  air  in  bubbles,  each 

bnbWea?  it  breaks  produces  a  beautiful  white  wreath  of  [ilioiiphorio 

uibvdnde,  composed  of  a  number  of  ringlet-*  revolving  in  vertical 

jllariw  around  the  axis  of  the  wreath  it.-elf,  as  it  adeends ;  tims 

ciwg  before  the  eye,  with    admirable   distinctness,   tlie   rapid 

atory  movements  eommunicated   to  the  air  contained    in    a 

ilile.  when  it  i»  allowed  to  burst  upon  the  surface  of  a  still 

of  water.     If  the  Imbbles  be  allowed  to  arise  into  a  jar  of 

ygen,  a  brilliant  liaAh  of  light,  attcnd<'d  with  a  slight  concussion, 

emnpanifs  the  bursting  ol  each   bul)ble.     Owing  to  the  spou- 

ineous  intiamnmtiou  of  the  giu^  it  should  bemadein  riuiall  ves.seld 

oiitaining  Imt  little  atmo:«plieric  air.     Graham  ha~  sbown  that 

be  »il<lition  of  small  rpumtities  of  the  vapour  of  some  intlammable 

xli(*,  such  as  ether,  naplithji,  and  oilot  turj>entine,  destroys  this 

"lighting  power ;  and  that  jMirous  Ixxlies,  such  as  chai*<:oal,  al»o 

Emovo  it.     On  the  other  hand,  the  gas  obtained  from  phosplio- 

dUjacid  is  not  self-lighting,  but  the  addition  of  so  small  a  (juantity 

TjiflTT  "^  'ts  bulk  of  the  vapour  of  nitrous  aJihydride  confera 

lis  j)ru[)ertT  upon  it. 

(4.'io»  Liquid  Pho»iikule  of  IfijfJriXfen  :  H,P,  or  n,.P,  *— The 

jular  property  which  phosi)huretted   hydrogen   p()sses.ses,   in 

eriain  ca^es,  ol^  igniting  spontaneously  when  mixwl  with  free 

lyi'm  long  remained  without  explanation  ;  as  a  cai-eful  anal\'sis 

I'licated  little  or  no  difference  in  corupositinu  lietween  the  self- 

[;bting  gas  and  the  other  variety,  which  docs  not  possess  tliia 

i>|ii*rty.     The  true  cause  of  the   [ihoiiomenou    was,    however, 

fwl  a  few  years  ago  by  P.  Thcnard,  to  the  presence  of  a  minute 

jniintity  of  the  vaj)our  of  another  phu?j>hidc  of  Ijydrogen  (H„P,), 

rliich  takes  fire  the  instant  that  nnconduned  oxygen  is  presented 

'\liAnn.  de  Ghhnle^  111.  xiv.  .'»).     This  compound  exists  at  or- 

jinftry  temperatures  as  a  volatile  li'juii],  which   by  ex'posure  to 

\'ht  is  decomposed  into  a  yellow,  solid,  and  but  slightly  infianima- 

phi>-j)hide  (HP,),  and  intt*  tlienon-scll'-liglitinggas(n,P) ;  for 

P.=  lIP,-f-3  H,P.     It  had  long  been  rcuiarked,  although  an- 

llViis  sliowed  no  difierenec  lietween  the  selt'-liglitiny;  and  the  com- 

ngasi,  that  when  the  former  was  exposed  to  sunlight  for  a  tew 

purs,  a  sijlid  yellow  com|)ouiid  was  deposited  in  small  ciiiuntity 

*n  the  lilies  of  the  vessel,  whilst  the  gas  lost  its  self-ligliting 

bwer;  and  that  this  ]K)wer  was  also  destroyed  by  exposing  the 

to  a  srreat  degree  of  eold.     Tiiis  effect  is  evidently  due,  in  the 

of  the  exposure  to  sunlight,  to  decomposition  of  the  intlannna- 

eompoimd,  and   in  the  case  of  the  application  of  eold,  to  ita 

dentation  into  the  liijuid  form. 

Li<piid  phosphide  of  hy<lrogen  may  be  prepared  by  condiict- 

flie  gas  which  is  disengaged  by  the   action  of   water   ujion 

epliirie  of  calcium  ((?aP),  tlirongh  a  bent  tube  immersed  in 
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B  freezing-mixture  of  ice  and  salt ;  a  colourless  liquid  of  high  » 
ft'Hcting  power  is  thus  coudeiised.  It  takes  lire  tue  instant  th»t 
it  tHtinoB  into  contact  ■with  air,  and  burns  with  the  inten&e  white 
light  of  j)h<)r.|ili(>rii!i.  Solar  light  (juicklj  decomposes  it  into  th« 
solid  phocpliicJo  (HP,)  and  into  the  gaseons  ]>hosj>hnretted  hvilro- 
gen.  If  a  little  of  the  vajwur  of  this  liquid  be  allowed  to  diffuifl 
Itself  through  hydrogen,  carbonic  oxide,  or  any  other  conibastiWe 
gas,  it  confers  luion  it  the  jirojurty  of  taking  fire  fepontaueouslj 
when  niixeil  witli  atrnnsplieric  air  or  witli  oxygen. 

(i^tit)  .S;//(/  J'hmjihUh  of  JJi/ih-'Hj<'n  ^1IP'J. — The  liquid  phofr 
phidc  is  iinnicdiatc'ly  deconqmsed  by  liydrochloric  acid,  and  the 
solid  yellow  jtiiosphidc  of  hydrogen  i:*  f<irnieti.     Tliii?  siil istanee ii 
reailily  jirojiared  by  treating  pho^-pliide  <if  calcium  (049)  witi 
liy<h'ochli>ric  acid.     It  i?;  insolnlile  in  water  and  in  alcohol.     ^ 
heated  with  a  solution  of  liydratc  of  potUf-h  tlie  compound  i!?  di»-] 
6olvt><l,  and  pliortphuietted  hvdrogen  gas  is  liberated.     There  ap-l 
pear  to  be  two  varieties  of  tLe  >oH<l  jihoephide,  one  of  a  yellow^ 
the  other  of  a  green  colour;  thev  do  not  ditler  from  each  other  in 
corn]  Mihit  ion.     The  solid  yellow  liydride  of  iiboqfhorus  takes 
ut  about  mif. 

(^4^7)  Cni.oKii'Ks  OF  PiioniM!<tm:s. — With  chlorine  phonphorus' 
fonns  two  citrnpoundfi,  a  terchloride,  PCt„  conesjionding  to  phfe- 
phoroiis  anhydiide,  and  a  peiitachloride,  PC'lj,  which  corrc?j«ond3 
to  plmsiihoric  anhydride.  So  strong  is  the  chemical  attraction 
between  these  elemeutri,  that  in  an  atinosphore  of  chlorine,  pht>s- 
phorup  iniinediately  takes  fire.  The  following  table  feljow»  tlie 
composition  of  these  chlori<lcs,  and  of  two  of  tlieir  derivatives; — 


Id  100  part*. 


Terchlorido  of  phosphorus PCI,  =  137-5 

Pcntarhioriile  of  ditto PCU  =  20S'5 

OxvclilorMe PCl.O  =  lSa-5 

SuJphockloride POl.S  =  169-5 


Ph-wpli. 

Chlorlof. 

Oirgrn. 

22.54 

77 'iO 

14-86 

85-U 

20-19 

60;s8 

10-43 

18-28 

63-84 

Sulphur. 


18-88 


(i.'iS)  Terchloride  of  Phosphorus  (VQ\,z^lTi-^):  l<p.  Gr.ofVa 
tr.  Theoretic,  4-75(t :  Observed,  4-S75  ;  of  LhjuUI,  l-(51(i  at  32° 
--  ^.— This  •-     ■■ 


li(piid  is  sometime 


po^tr,       .      ,  

JiolUng-pt.  173°-4;  J/oZ.   Vol.  [T].- 

prei>arc(i  by  causing  the  vapour  oi  phosphorus  to  pass  over  corro^ 
sive  sublimate  placed  in  a  hmg  tube,  and  gently  heated  ;  Jmt  i| 
may  be  obtained  more  Ciisily  and  abnmliintly  by  transmitting  VI 
gentle  stream  of  perfectly  dry  chlorine  gas  through  dry  and  nielt-i 
ed  ]"hosphorus  contained  in  a  retort ;  the  operation  may  be  coU-J 
ducted  in  the  same  marmer  as  in  tlie  jireparatiou  of  the  chloride 
of  suljihur  (fig.  309);  the  chloride  distils  as  a  verj'  volatile,  trand>l 
parent,  colourless,  fuming  liquid.  It  diss<-ilves  phosjdmnii  freelyJ 
and  is  itself  soltdjle  in  lienzol  and  in  bi»;ulphi<le  <4'  carl>on  :  alco-J 
hoi  and  ether  decompose  it  with  evolution  of  great  heat,  givingl 
rise  to  various  new  compounds.  It  is  also  immediately  decompoe-j 
ed  bv  a  large  excess  of  water,  and  ibrms  phosjihorous  and  liydi-o-J 
chloric  acids;  PCl,  +  3lI,e,  yielding  H,Flie,  +  31ICi.  Ter 
chloride  of  phosphorus  absorbs  chlorine  greedily,  and  is  couvertc 
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Ito  the  pentachloride ;  at  a  boiling  temperature  it  also  ab&orlit 
oxygen  and  ftimishes  tJie  oxychloride, 

\45'J)  Pentachloride  or  PercMoride  of  Phmtphorua  (PC1,= 
m-h) ;  Theoretic  Spj_Gr.  of  Vapour,  3«(il  ;  Observed,  at  672^, 

3"654 ;  Mol.  Vol.  — ! — ■. — This  compound*  is  obtained  hy  placing 
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drr  phosphorus  in  a  flask  provided  with  a  Btopcock,  exliausting 
the  nir.  and  allowing  chlorine  to  enter  so  long  as  it  is  absorbed  : 
or  it  may  be  formed  by  treating  terehhjride  of  phoiipliorus  in 
•  tftll  glass  with  an  excess  of  chlorine.  Pentachloride  of  phoa- 
ras  is   also   now  prepared  on  a  considcrnl)le  scale  by  dis- 

J:»hosphoru8  in  bisnipbide  of  carbon,  and  transniittinnj 
orine  in  excess  through  tlie  sDhitinii  which  is  cooled  arti- 
ficiaUv  during  the  operation ;  the  pontaehli)ri<le  is  deposited  in 
crrstals  from  the  solution  on  evaporation.  It  forms  a  white  erys- 
buline  solid,  which  volatilizes  beli>w  212'^  whilst  still  solid,  but  it 
may  tie  fused  under  pressure.  In  the  tlanie  of  a  lamp  it  burns, 
prtiducing  chlorine  and  phosphoric  acid :  with  ammonia  it  eoni- 
hiues  readily.  It  is  very  delnpiescent,  and  by  a  large  excess  of 
water  is  immediately  decomposed  into  jih<i.-;j»lii>ric  and  hydro- 
clilorie  acids ;  PCI.  +  4  H.O  form  ing  1  J,Pf  >.  +  r.  1 1  CI. 

(4*!0)  Oxi/i-hforide  of  Phonp/>ori{>i({*i:\J^=\h?yz>)\  Sn.  Gr.  of 
Lmiid,  1-7  ■  if  Vap(mr,  .5-2'.) ;  Undinr/pf.  2:30°  ;  Mol.  Vol.  rjl 
— Thii  compound  is  formed  when  the  vu|>our  of  water  is  all^rwed 
to  mingle  slowly  with  that  of  the  pcntaibloride,  hydrochloric 
Hcid  and  oxychloride  of  phosphorus  being  tlie  result.  The  reac- 
tion i*  a.s  follows :  PCl.-l- H,e=PCl.e+  2  IlCl.  The  oxychloride 
is  a  limpid,  volatile,  fuming  Ilijuid,  which  is  decomposed  by  the 
further  addition  of  water  into  pliusphoric  imd  hydrocbli)ri(i  iieids. 

O.xychloride  of  phosphorus  may  be  obtiiinod  with  facility  by 
Gephardt's  plan  of  distilling  1  ]>art  of  crystallized  Ixjracic  acid 
with  4^  parts  of  pentachloride  of  iiliosphonis,  when  the  follow- 
ing reaction  occurs :  S  PCI, -I-  3  ( H  Be,,IT,e)  =  3  PC1,0  +  6  IICl  4- 
B,0,.  The  oxychloride  is  readily  coiulensed,  whilst  hydrochloric 
acid  parses  off  in  the  form  of  gas,  leaving  boracic  anhydride  in 
llie  retort.  Crystallized  oxalic  acid  may  be  substituted  for  Imracic 
acid  in  this  operation,  but  it  does  not  answer  quite  so  well. 
The  oxychloride  may  also  be  prepared  by  heating  tlie  pentachlo- 
ride with  phosphoric  anhydri.le;  3  PC1,  +  PA=-^  PCl.e. 

B(.»th  tue  chlorides  and  the  oxychloride  of  phnsjdiorus  have 
liecn  extensively  used  in  the  jireparation  of  various  organic  8ul> 
BtitiitioTi-pr<Miuct«,  particularly  the  oxychlorides  and  anhydrides 
of  the  Organic  acids. 

a^lf  SnlphofMonde  of  Plvospluyrm  (PC1,S=  169-5 ;  8p.  Gr. 
?f  Utpiid,  1-631 ;  of  Vapour,  5-878 ;  Mol.  Vd.  m ;  BoUiny- 

•The  Tapoaryolnme  of  this  compound  is  anomalons.  Perchloride  of  phoaphorua 
•■Kf  t»  siippotiod  to  lie  formed  by  the  union  of  equal  rolumes  of  chlorine,  and  the 
Tipimr  of  the  t^rehloride  (Cahourg).  In  a  Inrge  number  of  coflee  where  two  bodies 
eoniliine  in  the  proportioo  of  equal  volumes  of  their  components,  no  coudeu&atioa 
cocur^  u  waa  hxg  since  indicated  bf  Ga^-Luseac. 
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pt.  2.')T^)  is  n  coiupomid  coiTespoiuliiig  to  the  oxychli)ri<le, 
CDiitaiiiiiig  sulpliiir  instcnul  of  oxvgen.  It  is  nl»taiiip<l  hy  d 
p«isUig  i)eritac!it<'ri<le  nf  phtisphunis  with  sulj)hurftt«-(l  hvJrojrou: 
K'l.+  Hjti,  yit'liHnfj  PC1,!>  +  -'  HCl.  It  may  be  imjcnre-l  stiD 
nuire  easily  hy  the  gniduul  addition  of  jKnvdfred  snljthidc  ufanti- 
Kinnv  to  the  ])entac'h?f>ridc'  nf  phosphonis ;  3  PL'l, -|- 8{>,t»,  = 
3  Pt'l.S  •+-  2  SbC'l,.  8ul]ihochloride  oi  phosphorus  is  a  ftnninft. 
colourlesB  h'qiiid,  which,  if  heated  with  a,  solution  of  fiuistic  t»m 
in  excess,  exchunirea  i{a  chhirine  for  oxygen;  eliloride  ftf  widiura 
is  fomiecl,  and  a  KHlpfiory-phof^phate  of  siKlium  maj  be  ohtRiiietl 
in  six-side<l  tahtilar  crystms  wnieh  contain  12 11,0.  The  evjuijHh 
8ition  of  this  salt  is  analogous  to  that  of  tlie  tribaeic  ]»hii6pL«tft 
of  sodium,  but  the  two  are  not  isninorphous.  The  fidlowing 
equation  explains  the  changes  which  accompany  its  production 
(Wurtz)  :— 

PCl.S  +  6  NaHO  =  Na.Pe,S  +  3  XaCl  +  3  H,0. 

One  half  of  the  soda  is  decomposed,  imparting  its  oxygen  to  the 
Bulphi ►chloride,  from  which  it  receives  a  corresponding  amount  of 
ehlurine.  Corresponding  compunnds  with  barium,  cak-iuni,  and 
Ptrontiimi  may  be  formed  by  double  decomposition  with  the ' 
todiuiii  jsult ;  they  are  white  and  insoluble. 

(4i'.2)  BiioMnJES  OF  PMosi'iioiirs. — A  Terlyromide  (Sp.   Gr.  all 
32°,  2-025;  Boilhg-pt.  347^-5).     Pcnixihrcrmide  and  Oxy?fnimtf}«\ 
of  phosphorus,  analogous  to  the  eorresiiondiug  compounds  with 
chlorine,  may  be  formed  by  similar  metliods. 

(4»i3)  lonmKs  of  PnospuoKrs. — Two  iodides  of  phosphornsj 
may  Ik?  formed,  viz.,  a  binimliiltj  and  u  teriodide  (CorenwinderJ 
Ann.  (h^  C/u'mu',  III.  xxx.  242).  The  Biniodide  (I*I,=2S5)  may] 
be  obtained  by  dis.solviiig  1  jiart  (or  1  atom)  of  plK>sj)horus  in  bl-i 
sulphide  of  carbon  and  adding  SJ  parts  (or  2  atoms)  of  iodine:  byl 
cooling  the  mixture  artificially,  tiiin  flexible  prismatic  crvstals  of  j 
the  iodide  are  deposited,  of  a  bright  orange  colour.  This  io*lido| 
melts  at  230°,  and  is  decomposed  by  water,  hydriodic  acid  being'] 
one  of  the  products. 

Teriodide  of  Pkosph4)rv8  (PI,=4t2). — This  compound  maj 
be  olitained  in  a  manner  similar  to  the  last,  by  dissolving  1  pa 
of  phosjihorus  and  12^  parts  of  iodine  in  V)isulp!iide  of  carbon; 
the  U<|iiid  is  concentrated  by  evaporation,  and  on  cooling  it  1>y  a 
freezing  mixture,  dark  red  six-sided  plates  are  fonned ;  it  melts 
between  120°  ami  130^',  and  on  cooling  crystaUizes  in  tine  prisms. 
It  <k'liquesces  rapidly  when  exposed  to  the  air. 

Ijrudie  {Q.  J.  Chein.  Soc.  v.  2S9)  finds  that  iodine^  vfhcn 
lieated  with  j>hosp!ioni8  in  the  proportion  of  1  atom  of  io<Iine  ttf.l 
liM>  atoms  of  phosphorus,  converts  nearly  the  whole  of  the  phc 
plionis  into  the  red  variety  described  by  "Schrotter.  When  phoft'] 
phorus  WSV6  place<l  in  a  long  tube,  and  heated  till  it  just  meiteil,! 
and  iodine  was  projected  gradually  into  the  phosphorus,  the  iodiiia  j 
"Wits  dissolved,  colfiuririg  tlie  phosptionis  sliglitly  red  ;  when  heated 
bv  an  oil-bath  to  212"',  the  colour  became  deep  red ;  and  lK?tweeii ' 
200"  and  266°,  a  scarlet  powder  vjaa  de^osvXm  ow  ^<£  %\^«s.  <A  >3aft 
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'•,  at  2S4*  tlie  mass,  was  quite  solM,  and  on  raising  the  lioat  to 
F.,  a  sharp  explo»ioti  louk  plriL-e:  a  liUfKlcn  evoUition  of  heat 
curred.  and  the  cork  which  closed  the  tuhe  was  bIo\ni  out  by 
vapour  of  phosphorus.  The  red  mass  may  he  distilled  in 
&je<i  tiibea,  and  when  it  is  c<»ndtMisetl  in  tlio  cooler  ]>urtinn8  of 
He  tultes  it  is  still  in  the  red  moditieation.  The  chaiij^es  which 
u(,riir  in  the  proeess- arc  siipi»ose<l  to  be  the  followiuij;:  tirst  the 
"brmation  of  ijiniodide  of  phu'Aphoru:^ ;  next,  the  transforiimtion  of 
Irift  iixlide  by  heat  into  an  alhitropic  iodide;  and  thirdly,  the  de- 
CDtniHisition  of  this  new  iodiilo  iiitu  red  jihosphonis  and  a  volatile 
iodide,  which  acts  upon  a  further  j)i>rtiou  of  the  pho*pliorna;  and 
tlras  the  action  i»  indefinitely  continued. 

(4»U)  PnrHipHAM  (H\,P!). — If  terchioride  of  phosjthorus  be 
cooled  by  a  freezing  mixture,  and  saturated  with  annnoniacal  gas, 
&  white  saline  mass  (5  II,N,PC1,)  is  obtained ;  it  is  to  he  introduced 
inti)  a  tube  of  Bohemian  fjlass,  and  heated  to  redness  in  a  current 
of  dry  carlxmic  anhydride  as  lonji^  as  any  sal  ammoniac  is  8ub- 
liinixi :  a  yell o wish- whit«  bulky  amorphous  powder  remains 
Iteliiiid :  thid  substance  is  Rose's  phonphufe  of  nitnMjen  ;  but  there 
c;m  be  no  doubt  that  it  contains  liydrogen,  it  is  the  phmpham  of 
Gfriianit;  probably  its  composition  should  Ite  represented  by  the 
formula  ifiven  above.  In  closed  vessels  it  sustains  a  red  heat 
witli'Hit  fusion  or  volatilization,  but  when  heated  in  air  it  is  slowly 
d,  with  formation  of  phosidniric  anhydride;  if  projected 
-ed  hy<lrate  of  potash,  It  is  aecom]inSL-d  with  incandescence, 
piii)n|iiiate  of  potassium  being  formed,  wiiilst  ainmoina  and  nitro- 
gCQ  are  disengafjed :  but  it  is  remarkalile  that  dry  chlorine  and 
LvJi'rjchloric  acid  gases,  and  the  vapour  of  su]i>liur,  are  without 
atiidu  upon  it,  even  at  a  red  heat;  and  it  is  but  very  slowly 
sttacktul  l)y  concentrated  nitric  aciil.  Solutions  of  the  alkalies 
tix«jrt  scarcely  any  action  upon  it.  When  heated  in  hydtvigen, 
ainiimnia  is  formed.  It  combines  with  suliihure'.ted  hydrogen, 
atid  if  heated  in  a  current,  of  this  gas,  the  new  compitund  as  it  is 
fiTined  is  slowly  sublimetl  in  the  form  of  a  white  powder. 

(465)  Splpiiides  of  Piiospnoairs. — Sulphur  and  pliosphorus 

may  lie  melted  together  in  all  proportions  :  several  detiuite  eom- 

ponads  exist  between  them,  corresiwnding  in  composition  with 

the  oxides  of  phosphorus  ;  and  in  acldition  ti»  these,  a  roinbination, 

PS,,  may  l>e  tormed  (Berzelius).     All  the  sulphides  of  phosphorus 

are  more  fusible  than  either  element  separately,  and  are  exceed- 

)ru;ly  iufiammal)le  ;  most  of  them  may  bo  obtained  in  crystals. 

T^iey  combine  with  the  6ult>hides  of  tlie  alkaline  metals,  and  form 

•  series  of  definite  salts.     The  combination  of  sulphur  with  phoa- 

pJioms  should  be  gradually  efi'ected  under  warm  water;  great 

aeat  is  extricated  by  their  union,  and  the  experiment  requires  to 

f»  condacted  very  carefully,  in  order  to  avoid  e.xplosion. 
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CHAPTER  IX. 


SILICON    AND    BOBOX. 

§  I.  Sn.icoN,  OB  SiLicruM :  Si  =  28 ;  or  Si  =  l-t. 

(40fi)  Analngle^  of  the  Silicon  Group. — Silicon  present 
certain  unalu^xy  ^^'itll  bonm  in  its  tendency  to  unite  with  tJuorine] 
and  with  nitrogen  :  hut  itti  relationship  to  niiilnnm  and  tant^amj 
is  still  more  strongly  marked,  not  only  in  the*o  particulars,  hut  in 
its  tendency  to  form  an  iicid  with  two  atoms  ofoxvi^fen,  and  in  itftj 
production  of  a  volatile  li<juid  perehloride.  Silicon  likewf  * 
exhihits  a  similar  resemhiancc  to  titanium  and  tin.  Zirconiu 
forms  a  solid  perehloride,  hut  in  its  lialiits  it  is  also  closely  al1ied| 
to  silicon.  These  elements  might  he  arranged  thus  in  paraUe' 
fleriee : — 


Silicon 
Titanium 

Tin 


Zirconium 

Niol)ium 
Tantalum. 


tiiilfl 

nxtM 
sia~ 


Tliese  elements  all  helon^  to  the  class  of  tetrads,  being  equivaleni 
in  their  must  usual  (•iiiidiinatiims  to  4  atoms  of  hydrogen 

(407)  SuaroN  when  in  cinuhitiatiou  with  oxvifen  is  tlie  iiiost 
ahunciaTit  solid  c<imponent  of  the  eaitli's  crust,  tt  is  theeseentii 
constituent  of  SiJ^uc  or  Hint,  and  hence  the  origin  of  the  te 
s'licon.  In  order  to  olitaiu  the  element  in  its  uncombine<l  fonn^ 
a  nn'xture  of  tluor-spar  with  tine  quartzoso  san<l  or  ground  tlintsia 
heated  with  coiiceutrated  snlphuric  acid;  a  gaseous  fluoride  of 
silicon  is  fonne<l,  which  is  iiartiallv  suluhle  in  water,  ]>roducing  an 
acid  soliitiiiii.  This  acid  liquid,  when  neutralized  Asrith  a  solution 
of  eanstie  potash,  yields  a  sparingly  soluhle  salt  (2  KF,Sil*",). 
This  silieotliioride  of  [)otassium  is  to  he  thoroughly  dried,  and 
mixed  in  a  glass  or  iron  tube  with  eight  or  nine-tcnt1\e  of  its  weight 
of  pota'i^iuiii,  and  heated.  Fluoride  ui  potassium  is  fonned,  whilst 
silicon  is  reduced  and  partially  comhiiied  with  the  excess  of  j:m> 
tassium  ;  \2  KF.SiF,)  +  '2  K,=biti  +  6  KF.  The  mass,  when  cold, 
is  treated  with  cold  water,  which  produces  a  copious  extrication 
of  hyrlrogen  gas,  owing  to  tlie  rlecomposition  of  the  water  by  tin 
excess  of  potsLssium.  The  Wiishing  with  cold  water  is  continue" 
BO  long  as  any  alkaline  reaction  upon  test-paper  is  observed;  whe 
this  teases,  it  may  finally  be  well  washed  with  boiling  water, 
long  as  anything  is  dissolved.  Sodium  may  be  advantageouslj 
Rul)stirute<l  for  j>r»tasslum  in  this  experiment,  in  the  proportion  of 
1  part  of  '^oilium  to  2  of  the  silieimuoride.  Silicon  may  also  be 
obtained  l)y  heating  in  a  current  "of  the  vapour  of  chloride  of  J 
silicon  potiissiuui  or  sodium  placed  in  porcelain  traye,  in  a  gls 


pot! 
vliicl 


tube,  wliich  it  is  best  to  protect  by  lining  it  with  thin  plates  of 
mica. 

Silicon  may  be  obtained  in  three  distinct  modification.? :  ti«.J 
the  amorphous^  tho  grajphitoid^  and  the  crystalline  modification. 
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AmorpJums   Sificon-. — Wlien    procured    by    tlie   pr<:>fes8e5 

Fe  dc-^i^rihed,  eilicou  presont.s  tlie  appi'uraiice  uf  a  dull  brown 

rder,  insoluble  in  water,  in  wbiuh  it  sinks.     It  is  a  non-con- 

tof  of  electricity  ;  it  suils  the  lingers  when  touched  ;  it  is  not 

hI  upon  by  nitric  or  sulphuric  acid,  but  is  readily  soluble  in 

ofluoric  acid,  and  in  a  warm  solution  of  caustic  pota*ili.    When 

"  in  air  or  in  oxygen  it  burns  brilliantly,  and  its  converted 

silica,  which  fuses,  from  the  intense  heat  emitted,  and  forms 

Buperficial  coatiufj  over  the  unbunit  silicon. 

2.  Grajihitold  SHicon. — The  brown  powder  just  dcscrilMid,  if 
Ited  intensely  in  a  closed  platinutn  crucible,  parts  with  a  trace' 

cf  Lydrogen,  shrinks  greatly,  becomes  much  denser,  an<l  darker  in 
r,  and  undei'goes  a  remarkable  change  in  properties.  Afker 
.  ignition,  the  silicon  may  be  lieated  strongly  in  air  or  in 
ij^jgen,  even  when  nrged  in  tiie  blowpipe  flame,  without  taking 
lire:  it  has  bewmie  eufHciently  heavy'  to  sink  in  oil  of  vitriol,  and 
ft  resist*  the  action  of  pure  hydrofluoric  acid,  although  if  treated, 
with  a  mixture  of  nitric  and  hydrofluoric  acids  it  i&  rapidly  dis- 
Bolred.  It  may  even  be  fused  with  nitre  or  with  chlorate  of  i>otafi- 
Bum  without  undergoing  oxidation  :  but  if  the  heat  be  urged  to 
whiteness,  the  silicon  burns  brilliantly  in  the  nitre  ;  the  oxidation, 
liowerer,  is  much  hastened  by  the  addition  of  a  little  carlM)nate  of 
potassium ;  the  mixture  then  deflagrates  brit^klj',  even  tliougli  it 
mar  be  at  a  mncb  lower  temperature  :  by  fur^itm  witli  Ciirbonate 
of  jMta^sium  alone,  silicon  is  easily  and  completely  oxidized  ;  in 
tses  silica  is  fonned,  and  is  immediately  dissolved  by  the 
;  alkali.  The  properties  of  this  compact  fonn  of  fiilicon 
iiiurii  rc'^emble  the  graphitoid  modiflcation  described  by  Devilk* 
»nd  by  Wuhler,  who  obtained  the  silicon  in  hexagonal  plates,  bv 
tnsfing  an  alloy  of  silicon  and  aluminum  in  succession  with  boil- 
ing hydrnchlorie  and  hydrofluoric  acids,*  when  the  silicon  remains 
behind  in  the  form  of  hexsigonal  plates,  which  have  a  sp.  gr.  of 
2'4t>.+  and  a  metallic  lustre.  It  may  also  be  olitaincd  by  fusing 
1  part  (if  aluminum  with  5  of  glass  free  from  lead,  and  li>  td'  pow- 
deanl  cryolite,  treating  the  black  mass  with  hydrocliloric  acid, 
and  fht-n  with  hydrofluoric.  In  this  form  silicon  is  a  conductor  of 
electricity  ;  it  may  be  heated  to  whiteness  in  a  current  of  oxygen 
without  undertjoing  change,  but  it  ia  gradually  dis-solved  by  a  mix- 
tore  of  hydrofluoric  and  nitric  acids,  though  it  is  oxidized  but 
rery  slowly  when  fused  with  hydrate  of  potash.  When  lieatod  in  a 
current  of  hydrochloric  acid,  a  volatile  liouid,  the  Iiydroehlorate 
of  chlori<le  of  silicon  (Si,HjCl,.?)  is  formed  (477),  whilst  hydrogen 
gJto  is  liberated. 

3.  Ci-yMtaUim  Silifon. — According  to  Deville  (Ann.  de  Chimiey 
in.  .xlix.  t'5l.  silicon  requires  for  its  fusion  a  temperature  between 


\*  Sni«>n  jppt-ars  to  have  the  came  sort  of  tendency  tooombiae  with  alurainum 

^carliMti  Las  to  uuite  with  iron.     Tlie  alloy  is  easily  fonned  by  beating  ahimintini 

?•  Hrx  '  "■    '■'-""itile  with  from   20  to  40  times  its  weight  of  dry  ailioofluoride  of 

foiiMlnii  0  two  together  for  a  quartor  of  an  hour,  and  Uicd  allowing  the 

cnclb1«  1  -ly. 

f  1  found  a  aumple  ct  graphitoid  ailioon  to  possess  a  sp.  gr.  of  2'331. 
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the  mcltiiii!;  point  of  cn<  iron  iukI  tliiit  i»t"  stod.     In  order  to  ftig 
it,  he  iiitroduc-es  the  silicou   into  ii  pliitiniim  cnicibli!  HiumI  will 
lime  and  itrotected  by  aii  (mtur  cluy  cnu-ibk' :  the  whole  ii*  rJiei 
intensely  heated  in  a  wind  I'linuice.     If"  the  lining  of  lime  cruckej 
and  the  silicon  reaches  the  jilatinnni,  the  emoibleiii spoiled,  owin| 
to  the  formation  of  a  siiliei«Ie  of  platinum.     Fusod  silicon  niajjili 
he  procured  when  the  mixture  of  chloride  of  so<lium  with  redl 
silicon  (obtained  by  iijniting  sodium  in  the  va]>our  of  chhtride  ftf 
silicon),  detached  as  far  a*  possililc  from  adhering  frairnicntri  ofj 
porcelain,  it!  placed  in  a  cnicihie  lined  with  charcoal,  an<l  uxpoBe< 
to  intense  heat  in  a  forge ;  the  chloride  of  sodium  become*  vok 
tilized,  and  the  silicon  h  fused  into  globules  in  the  midst  of  th« 
melted  glass.     Tlu**e  globules  frequently  show  well-marke»l  india 
tioufi  of  crvi^tuniziition  in  forms  probably  belonging  to  the  pribmati<i 
system  ;  they  have  a  dark  steel-grey  colour,  and  a  lustre  Kke  tlial 
of  specular  iron  ore:  now  and  then  the  silicon  is  found  crystulli?.e<' 
in  regular  ilouble  six-sided  [)yraniids.     It  may  also  be  obtainc 
in  regular  six-sided  prisms,  terminated  by  thrce-sid*:^!  ])yriimidsj 
derived  from  the  octohedron,  by  exposing  pure  aluminum  in  j>oree 
lain  trays,  boated  intensely  in  a  porcelain  tube,  to  a  current  of  th« 
vujMHir  of  chloride  of  silicon  ;  the  aluminum  is  volatilized  oscliU 
ride  of  idutninum,  leaving  the  silicon  in  crystals  Mhich  have  a  r»x 
disli  lustre ;  they  are  hard  enough  even  to  cut  glass  like  the  dimn.ind.^ 
(.'rystals  (►f  silicon  may  likewise  be  ]>rocured,  and  with   b 
culty.  by  heating  an  earthen  crucible  ttt  redness,  and  inti 
u  mixture  of  3  parts  of  silieoHuoride  of  pota^^siutu  witli  1  part  ou 
sodium,  cut  into  small  pieces,  and  4  of  pure  granulated  zinc.     Tli 
mixture  must  1x3  maintained  at  a  red  heat,  Imt  below  the  tcin| 
rature  necessary  to  volatilize  the  zinc,  until  the»lag  is  coniplotclj 
niched  ;  it  nmst  then  be  allowed  to  cool  slowly.     The  niiV«s  \.4 
zinc    thus  obtained   contains   long   needles  of  silicon  formtMl  u£ 
ilMiiiil»ic  {'.)  oftoliedru,  inserted  one  into  the  other;  tnuch  of  tli4 
zinc  may  be  extracted  by  partial  fusion  at  a  low  temperature,  ant 
the  zitu-  which  runs  from  the  pasty  mat*  in  which  tlie  siiic(»ii  ia 
retained  may  l)e  employed  again  in  a  similar  operation  :  tbexiiitj 
which  still  adheres  to  thosiliconmay  be  removed  by  digt>stion,  fir 
in  hydrochloric,  and  afterwards  in  iHuling  nitric  acid.     If  u  vcj; 
liigh  fcriiperature  be  employetl  in  this  operation  the  whole  of 
zinc  iiiJiy  be  expelled,  and  the  silicon  obtained  hi  the  fused  condi^ 
tioti.      Deville  and  Caron  have  in  this  way  {Anu.  ile  i^fiimir,  IT' 
k\'ii.  440)  fused  several  huiulred  grammes  of  silicon  under  a  lave 
of  i^ilicotluoridc  of  potasi^ium  at  a  temperature  near  that  at  wind 
cast  iron  melts,  and  they  have  cast  it  into  large  cylindrical  b« 
•without  wmsible  loss  by  oxidation.    These  bars  cxhibitud  a  brilliaii^ 
surface,  which  was  not  altered  by  exposure  to  uir, 

Silicon  forms  with  oxygen  but  a  single  oxide,  the  well-known 
coinpomwl,  silica,  or  silicic  anhydride. 

Wohlcr  hiw,  however,  discovered  a  remarkable  serie.H  of  r«nn- 
pound;*  into  the  cumptMjiitlon  of  which  both  oxygen  and  ir 
ruter;  one  of  lhc'*e  he  calls  */7?Vw»  (Si,ll,0,^)  reserving  t; 
wJii'iuui  for  the  element;  another  he  haa  named  Utikoti,  bi,ii,0,j 
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bodlea  are  evidently  analogous  to  those  obtained  by  Brodfo 
from  p^phite  {note,  p.  60). 

(4HS)  Silicic  Ajshydride  or  Silica  (Si0,=6O ;  or  SiO,=30), 
^.  Or.  cryat.  2-612 ;  Amorpho^tis  2-2 — 2-3:  Comp.  in  100  jxtrte. 
Si,  4(5"66  ;  O,  53"34. — Berzeliu3  represented  this  comptmnJ  as  a 
teroxide,  giving  the  equivalent  of  silicon  as  "22.  if  that  of  oxygen 
be  8.  There  are,  however,  reasons  which  render  it  more  j)rol>iible 
that  it  contains  only  2  atoms  of  oxygen,  and  that  it  corresponds  in 
composition  to  carbonic  anhydride  :  for  example,  1  atom  uf  chlo- 
rj«ie  of  silicon,  when  converted  into  vapour,  instead  of  forming  an 
exception  to  the  general  rule,  as  it  does  upon  the  theory  of  Bcrze- 
lins,  would  then  produce  2  volumes  of  vapour  as  usual :  and  in 
decomposing  fused  carbonate  of  potassium  by  the  addition  of  tinely 
(Uvided  silica,  it  is  tbund  that  the  whole  of  the  carbonic  anhydride 
is  expelled  when  the  proportion  of  silica  is  to  t!io  carbonate  jis  60 
to  138.*  This  view  has  the  advantage  of  greater  simplicity,  and 
it  will  be  employed  in  this  work.  According  to  the  experiments 
of  Domas,  100  parts  of  silica  contain  46*7  ot"  silicon,  and  o3"3  of 
oiygen. 

Silica  occurs  in  two  modifications,  the  crystalline  and  the 
amorphona.  In  the  crystalliue  state  it  has  the  higher  specific 
gravity. 

Pare  crystalline  silica  occurs  in  rofJ:.  crystal  and  in  some  forms 
tiquarts,  crystallized  in  six-sided  prisms,  transversely  striated,  and 
lerminatexi  by  six-sided  pyramids.  Avu^thyst  is  a  purple  variety 
coloured  with  oxide  of  iron  (ferric  acid  ?),  Silica  is  found  nearly 
pnre  in  a^aU  and  caicedony,  which  consist  of  a  mixture  of  the 
cnrffallizcil  and  ariior])hous  vaincttcs.  Calcedony  in  alternate 
kvets  of  different  colniirs  constitutes  onyr.  Carndian  is  a  red  or 
brown  variety  containing  oxitle  of  iron.  Flint  is  a  variety  of 
calcedony,  chiefly  found  in  the  upjier  clialk;  and  opul  consists  of 
llie  aiuorpluius  variety  with  a  varying  quiintity  of  water.  Silica 
cimstitute?  the  principal  ingredient  of  all  sandstones;  and  it  enters 
krpjly  into  the  composition  of  felspar,  and  of  a  vjist  variety  of 
minerals.  Pure  crystallized  silica  is  perfectly  transparent  and 
colourless  ;  in  hardness  it  aimroachcs  the  precious  gctns.  A  heat 
nfiintuniie  a.*  that  of  the  oxyliydrogeii  blii\v]M']ie  i-^  rcijiiired  for  its 
fusion  ;  it  then  melts  to  a  transparent  glass,  wbitb  may  be  dra^vn. 
out  into  tine,  flexible,  elastic  tiu'eads  which  Itelong  to  the  iimor- 
phuns  variety.  Native  silica  is  insolnbk'  in  water,  and  in  all  acids 
Mccpt  the  hydrofluoric.  It  is  not  volatile  when  heated  aloue,  but 
it  ia  said  when  heated  in  a  current  of  steam  to  UTidergo  jiartial 
eublimatiou,  and  to  have  been  found  in  the  timmts  of  fiinmces, 
fanning  concretionary  nodules,  somewhat  resembling  calce<li»ny  in 
uppearance. 

PrtjHiratioH. — Finely  <livided  silica  has  the  aspect  of  a  white 

•  The  experiments  or  Oolonel  Yorke  {PhiL  TnxM.  1857)  have,  however,  shown 
th»t  tlie  pmportion  of  carlxinic  anliydride  expelled  by  equal  weights  of  silica  rrom  an 
ttw.'»«  Ol'tlte  diffei^dt  Cdrbonntcs,  varies  with  the  nuturo  of  the  baaei  carbonate  of 
••lluni  lueinir  a  hirgor  proportion  than  tarboaate  of  poCassium,  and  cari)onale  ot  Utta. 
OBjuon-  OiaB  carboaate  ofMdium,  where  equal  quautitica  of  silica  were  emiAoyoA. 
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earth,  but  though  insolnl>lei  it  poBsesBes  the  power  of  uniting  m\ 
bases,  as  is  shown  by  tlie  usual  ]»rocess  of  obtaining  it  in  a  ?t}ite 
jMirity  ; — A  mixture  of  carLoniites  of  potassium  aud   sn-hutu 
nieed  by  a  red  heat,  and  oac-tliird  of  its  weiglit  of  ground  flint, 
Bome  other  silieeons  mineral  in  fine  powder,  is  added  in  »m 
quantities  to  the  melted  maas ;  on  each  addition  a  brisk  efferrt 
cenctf,  due  to  the  escape  of  carbonic  anhydride,  takes  place; 
inixtnre  is  then  heated  strongly  for  some  minntea.     It  h  a 
wards  allowed  to  cool,  and  if  digested  in  water  the  mass  is  slow] 
dissolved,  with  the  exception  of  a  portion  of  the  irapuritie?,  6Ui 
as  oxide  of  iron  and  titanic  anhydride,  which  the  sdieeous  niateri 
may  have  eontnined.     A  larger  quantity  of  silica  than  that  alxi 
indifatcd  wouM  still  yield  a  mixture  which  might  be  fuse<l  by 
strong  heat ;  but  it  becomes  less  soluble  in  proportion  to  the 
cess  of  silica,  till  at  length  a  point  is  reached  at  which  it  is 
longer  soluble  in  water  or  in  the  common  acids;  indeed,  it  foi 
the^)a.sis  of  gla.»s.     When  it  is  proposed  to  obtain  pure  silicu 
ever,  an  excess  of  alkali  is  always  used;  the  resulting  com' 
is  then  easily  attacke<l  by  acids,  in  which  it  is  wlmlly  dissolv 
the  acid  be  dilute  aud  in  sufficient  quantity.     If  the  solution 
hydrocldoric  acifi  be  evaporated,  the  silica  is  eeparatc<l  n»  a  gel 
tinous  hydrate,  which  by  continuing  the  heat,  is  converted  into. 
white   earthy-looking  pnwder  no  longer  soluble  in  acids: 
being  digested  with  oil  of  vitriol  to  remove  traces  of  titanic  auh] 
dride,  aud  decanting  the  strong  acid,  it  must  be  well  washed 
long  as  anything  is  dissolved  ;  d^tlien  dried  and  igniteil.  it  is 
fectly  pure.     As  thus  pnx-ured,  silica,  like  charcoal  and  other 
ous  liodies,  ra])iilly  absorbs  aqueous  vapour  from  the  air,  witliout 
beconnng  sensibly  moist.  J 

Perfectly  pure  silica  may  also  be  procured  b}'  transmitting  tlfl 
gaseous  iluori<le  of  silicon  into  water;  a  partial  decomposition  cJfl 
tlie  gas  occurs,  and  one-third  of  its  silicon  is  oxidized  and  de|»osite<i 
in  wiiite  lydnited  tlocculi,  which,  if  washed  and  ignited,  furr ' 
silica  of  snowy  whiteness;    3    SiF,  +  2  H,0,  yielding  SiO,- 
(2  HF,SiF,>.     ISilica  may  likewise  be  obtained  nearly  pure 
heating  colourless  quartz  to  redness,  and  quenchiug  it  iu  wate 
the  mmeral  is  rendered  fi-iable  by  this  treatuaent,  and  is  then 
easily  reduced  to  a  tine   powder:   common  flints   treated  iu  a 
similar  manner  give  a  very  white  powder,  which  is  nearly  pure 
eiltea.     All  tlie  artitieial  forms  of  silica  are  amorphous,  ana  are 
much    more  easily   attacked   by   solvents   than   the   crystalline , 
variety.  ^ 

(469)  Hydrates  of  Silica. — Insoluble,  however,  as  silica  geofl 
rally  is  m  water,  and  though  silica,  when  once  dejxtsited  even  in 
the  gelatinous  form,  is  almost  insoluble  either  in  water  or  in  acids, 
a  modification  of  it  exists  which  may  be  dissolved  completely  at 
the  moment  of  its  liberation  fi-om  some  of  its  compouiuis  which 
are  already  iu  solution.  For  instance,  if  a  dilute  soluti<m  of  an 
alkaline  silicate  be  poured  into  a  considerable  excess  of  hydro- 
chloric acid,  the  whole  of  the  silica  is  retained  in  solution :  Ijut  it 
PiftF  be  precipitated  from  this  acid  aolutiou.  by  tke  gradual  adc~  ' 
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of  a  solutuin  of  potasli,  so  as  to  neutralize  the  aoul  ;  and  if 
»  solutiou  of  an  alkaline  silicate  in  water  hydrochloric  mi'ul  \\e 
added  praduallv,  the  silica  is  precipitated  in  a  gelatinous  form  in 
proitfirtiorj  as  tiie  alkali  b>  neutralized. 

From   the    golntinn  of  alkaline  silicate  in  exeesg  of  hydro- 
ric  acid,  Graliani  obtains  a  pure  solution  of  hy<lrate  of  silica, 
•snhjectint^  the  liquid  to  dialysis  in  a  lioop  dialyser  of  parcli- 
•:iper  (♦i2).     If  a  stratuui  of  liquid  4-tentlis  of  an  inch  in 
_  ,  ..  be  subjected  for  4  or  5  days  to  dialysis,  ehan^iufj;  the  water 
to  the  outer  vessel  at  interval*  of  24  iioui's,  the  hvurochloric  acid 
the  soluble  chlorides  will  be  fouinl  to  have  "liftiised  so  com- 
ely that  the  liquid  in  the  dialyser  will  give  no  precipitate 
ith  nitrate  of  silver. 

A  aolurjon  may  thus  be  obtained  containing  5  per  cent,  of 
oliea,  and  it  may  be  concentrated  till  tlie  quantity  of  diliea 
reaches  14  per  cent,  if  the  liquid  be  boiled  di>wn  in  a  fla*ik.  In 
open  vfcv*e!s  it  is  apt  to  gelatiTiize  on  the  edge,  and  the  whole 
then  8<.didific;3.  The  solution  is  tasteless,  limpid  and  colourless, 
with  a  feebly  acid  reaction,  ratlier  greater  than  that  of  carbonic 
wid ;  lOi)  parts  of  silica  require  i'So  uf  pi»ta*h  (K,0)  to  neuti'alize 
this  rffect  on  litmus.  The  solution  i>  nut  easily  preserved  many 
I'ecoming  converted  into  a  Sdlid  trans])arent  jelly  whicli, 
II  chjsed  vessels,  shrinks,  whils^t  water  is  separated  from  it. 
Till?  I'oiigulation  is  retarded  by  hydrochloric  acid,  aiid  by  small 
"inaiititits  of  caustic  potash  or  soda.  Suljihuric,  nitric,  and  acetic 
acids  arc  without  action  on  the  solution,  but  it  is  slowly  coagu- 
lated hv  a  few  liubbles  of  carbonic  aciil.  Its  coagulation  is  also 
effected  in  a  few  minutes  by  the  addition  of  i-^.f^T)  part  of  any 
Hlkaline  or  earthy  carbonate  in  solution,  but  not  by  caurtic  atn- 
mimia  nor  by  neutral   nor  acid  salts.     Alcohol  and  sugar,  gum 

Enunel,  are  witliout  action,  but  solutions  of  gelatin,  soluble 
ii,  and  soluble  peroxide  of  iron,  iiinuediateiy  cause  a  gela- 
tinon*  precipitate:  when  solution  of  silica  is  gradually  added  to 
one  of  gelatin  in  excess,  the  precipitate  obtained  consists  of  lUL>  of 
»ilica  and  1)2  of  gelatin  {P/iU.  Tnim.  ISIIl,  p.  a(»4). 

By  evaporation  in  vacuo  at  60°,  the  silica  is  left  behind  in  the 
form  of  a  transparent  glassy  mass  of  great  lustre,  containing, 
jtfer  exposure  for  two  days  over  sulphuric  acM.  2I'!)U  of  water, 
^'Wuch  oorresponds  nearly  to  the  formula  1I,0,  SiO,. 

There  is.  however,  considerable  dittleutty  JTi  obtaining  a  defi- 
tlite  hydrate  of  silica,  for  it  easily  loses  a  ])ortion  of  its  Avater  at 
low  temperatures,  and  is  moreover  a  very  hygroscoiiic  substance.* 
Eltelmen,  by  the  action  of  moist  air  upon  silicic  etner,  obtained  a 
transparent,  glassy  hydrate,  which  had  a  compositii>n  rcpriseiited 
b?  the  formula  3  11,0,  2  SiO^ ;  and  a  comjKuuid  wliicli  gave 
atnilar  result*  on  analysis  was  procured  by  Dovcri.  on  drying  the 
oniinary  gelatinous  hydrate  of  silica  in  vacuo  over  suljilinric  acid 
vithout  tiie  aid  of  heat     Fuchs  obtained  two  hydrates  of  silica, 

•  Prom  the  occurrence  ofn  mixed  ether conBistin)<  of  (6»IIii  3  €iiH»,  Si©,)  itap- 
pMn  that  the  gilicic  is  realty  s  tptralwwic  acid,  thovtgh  from  the  facUity  w\tl\  wWclk 
VthitScb/drogea  escapes  u  water,  ihe  oompoaitioa  of  the  hydrate  is  doubltuL 
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one  eontfiining  from  9'1  to  9'6  per  cent,  of  water,  corres}X)iidii 
to  tlie  furiiiufa  li,0,  3  SiO„   wliicli  re(iuire6  9"!  per  cent., 
other  botwecn  Crtj  and  7  per  cent.,  airreeinij  nearly  with  tliel" 
mula  H,0,  4  SiO,,  wliit-li  would  cinitiiiu  (M*  jier  cent,  of  water, 

A  very  white  and  light  hydrate  of  siliea  occurs  uatnralljil 
ahundance  Ibi  beds  situated  at  the  bj»*e  of  the  chalk  formatioi 
between  the  upper  greensaud  and  the  gault :  the  proportioa 
hydrated  niliea  in  these  deposits  varies  very  greatly,  ranging  froi 
5  to  as  much  as  72  per  cent.,  being  most  almndant  in  the  npi 
portion  of  ttie  deposit  (Wny).     A  mixture  of  thii>  materia]  wi' 
shiked  lime,  wlieu  made  into  a  paste  with   water,   is  in  a 
weeks  converted  into  a  silicate  of  calcium,  and  tlie  eh 
accelerated  by  the  presence  of  2  or  3  per  cent,  of  eotla. 

Insoluble  silica  may  be  gradually  converted  into  the  solnl 
Tariety  by  long  digestion  with  stdutiuns  of  the  alkalies.    Evi 
flints  in   their  uugnunid  condition  may  be  dissolveil  in  si 
Folutions  of  caustic  alkali  (sp.  gr.  I'l'J),  if  the  solution  be  digesti 
upon  them  under  pressure  at  a  tem]>erature  of  Itetween  300" 
400°.     The  very  concentrated  solntiim  of  silicate  of  pota-ssium 

of  sodium  of  glairy  consistence  which  may  thus  be  formed,  h 

been  used  by  Mr.  ¥.  RaTisorne,  of  Ipswich,  as  a  cement  for  eon- 
6(»lidating  siliceous  siujd  into  an  artificial  stone: — Finely  divided 
eiliceous  sand,  mixed  MMth  suitable  colouring  material,  is  moistened 
■with  this  cement,  and  pressed  into  moidds ;  at\^er  gradual  drying 
the  m:iss  is  tired  ;  at  a  high  teniiicraturc  the  silicate  l>ecomess«mi- 
vitriticd,  and  agghitinutes  the  grains  of  sand  ;  a  very  hard,  durable, 
artiiic'iiil  sun(!st<)ne,  which  previous  tu  being  tired  can  be  moulded 
into  any  dcsiicd  furm,  is  thus  obtained. 

Finely  divided  hydrate  of  silica  is  also  dissolved  by  the  alka- 
line carbonates :  the  carbonates  are  only  partially  decompf^sed  by 
the  silica  wliieh  is  dissolved.  It  appears  to  be  owing  to  the  solu- 
bility of  silica  in  solutions  of  the  carbonates  that  almost  all  spring 
and  river  waters  contain  silica  in  solution  in  minute  rpiantitv  ;  on 
evaporation  the  silica  is  obtained  in  the  insoluble  furm.  \Vhen 
the  action  of  the  alkaline  liquid  is  aided  by  that  of  a  high  tempe- 
rature, as  is  the  ciise  with  the  Geyseis  or  boiling  springs  of  Iceland, 
very  large  quantities  of  silica  are  dissolved,  which,  as  the  liquid 
cools,  are  deposited  as  ^  petrifactions '  ou  surrounding  objects 
exposed  in  the  ba.sin  or  in  the  stream. 

Silica  also  exists  in  the  soluble  form  in  a  class  of  minerals 
termed  zeolites,  which  are  liydrated  siliceous  c<tmponnd8  (670) 
found  in  the  cavities  of  the  amygdaloid  rocks.  The  zeolites,  it 
finely  powdered,  and  trciitcd  with  liydrochlnric  acid,  swell  up  to 
a  transparent  jelly  ;  this  gelatinous  mass  consists  of  hydrate  of 
silica. 

These  obsei'vations  on  the  various  conditions  under  wlilcli 
silica  may  be  remlered  soluble  derive  their  interest  from  the 
extensive  formation  of  crystallized  silica,  so  abundantly  ditfuso<l 
over  the  surfaoe  of  the  earth,  and  the  difficulty  of  crystallizing  it 
by  artificial  nieans.  Tlie  zeolites  may  have  been  obtaiiied  by 
deposition  from  solutiou ;  calcedony  ];»068\hly  by  R\»urioas  eubb 


Bw^qoartx  and  agate  by  crystallization  from  an   aqueou.- 


(470)  Sili<'nf^>«. — The  sJli«.Mtes  are  most  abmidiiiit  natural  ]>ro- 
ctions.     All  the  tbriiLs  of  clay,  felspar,  mica,  Iiornbleudej  and  u 
number  of  other  common  minerals,  are  compouuds  of  this 
iption. 

iilica  combines  with  bases  in  several  different  proportions ; 
"ibOBt  of  its  cumjxjunds  are  found  in  the  form  of  crystallized  niine- 
(tii,  many  of  which  are  doulde  bilicates  of  very  complex  coniposi- 
tion.  It  is  hijjhiy  probable  that  silicic,  like  pho.-^phoric  acid, 
•dinits  of  modiUcations  which  differ  in  biisic  power,  Odliu^ 
iPhil.  Mii(i.  Niiv.  1859)  pruposes  to  call  the  silicutes  of  the  type 
M,Si0„  ortfuisirtcates  /  those  of  the  ty]>e  M,SiO„  metusiUcatim, 
with  an  intermediate  class  formed  by  the  combination  of  one 
»t«in  of  each  of  the  two.  The  combinatioui  with  bases  which 
w  of  most  usual  oecurrouce  bclun^t;  to  one  or  other  of  the  foUow- 
iiii;  classes,  the  orthosilieates  being  regarded  ;is  the  nvrnud 
wits;— 


OnhotiliL'stea 
Allien  tea 

ll,Siy„  3  SiO, 
,  SiO,  or 


DiopUso €Hl"H,Sie, 

t  )liTine (M«Fe)",Sie, 

Forge  cinder Fe'  jSjf), 

W'oUaBtDuiU* t'ft  SiO, 

Hcroiiraine 2  (ilgSiOO  H,e 

I   AuKitn. (eaMcrSiO. 

Meerschaura M^  ,SiH„  2  (Sie,,H,0) 

Silicnttf  of  lime *?a  'jSiO,,  a  Si(*. 

I         Tiio  ci>in[io9ii5oii  of  many  of  the  onJinarr  varietit's  of  gloss 
■  m.i7  be  M|i])roxi>imti-ly   ri'prcsontod  by  mixturog   of  difl'oreut 

silicates  which  bare  tbia  foroiiila. 


here 


In  the  above  formula  M  stands  for  1  atom  of  any  metallic 
monad,  such  as  potassium,  and  N"  for  1  atom  of  any  metallic 
djad,  such  as  calcium. 

In*nost  cases,  however,  in  the  formulse  of  the  silicates  I  shall 

to  the  cu.-.roni  t»f  reprcsLUitiiiij;  them  as  ei)m|i(jmids  i»f  tin- 

with  the  anhydride  sUica.     Their  diversitlcd  forms  have  not 

rto  been  satisfactorily  classilietl. 

Most  of  the  silicates  are  fusible ;  their  fofibillty  is  increased 

bv  mixture  with  each  other ;  thusc  which  contain  readily  fusible 

in!fl.«i  melt  at  the  lowest  temperature,  and  in  general  tlie  bfisie 

■1  fuse  more  readily  than  those  which  are  normal  in  coiiipo- 

siuuji,  or  which  contain  excess  of  silica.     All  the  silicates  arc  in- 

■olnble  in  water,  with  the  cx<-e]ition  of  tlutse  of  the  alkalies  which 

11  a  larjre  y)roportion  i>f  base.     The  hydrated  silicates,  ami 

A-hieh  contain  the  largest  proportion  of  base,  are  th(»sc  most 

decomposed  iiy  acids  :  but  the  anhydrous  normal  ami  acid 

•s  of  the  earths  are  not  deciiiii]iosed  by  any  acid  except  the 

hvdrolliioric.     The  silicates  may  be  detected  by  fusing  them  witli 

rkinate  of  sodium  or  of  potassium,  and  then  licating  the  residue 

th  acid,  and  evaporating  to  dryness;  on  treating  what  is  letV 

Jth  hot  water,  the  silica  remains  undissolved  in  the  form  of  a 

ito  powder,  which,  when  fu-;cd  with  carbonate  of  sodium  upon 

"platinum  foil  before  the  biyir/J77>e,/ieMs  a  colourless  bead  of  g\as>s 
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The  freedom  of  silica  from  hiu-^es  niav  be  BSfertfline«1  hy  its  ViiMnir] 
vulatilized  witliout  residue  when  ovaporatwl  in  plaliimai  witlj 
pure  li_v<.lr<»fluoric  acid  iu  excess.     Pure  silica  is  not  attacked  l»r  j 
fusion  with  inicroeot>niic  salt,  but  is  lett  ns  a  sjxinjry  iiia.ss  in  th'e 
olear  bead  ;  if  any  earth  or  biis*  be  present,  the  bead  1;^  generally 
uiore  or  less  opalescent.     Bumx  dist>olves  siliwi  sluwly,  wiieii  faiieil  ^dl 
with  it,  formint;  a  dear  coluurlftv^  bead.  ^Ki 

The  acid  eharaeter  i.^  r-o  feebly  markctl  in  siliea,  that  tJie  (irdi-  ^^ 
tiarv  vegetable  acids,  such  a^  the  acetic,  the  oxalic,  and  the  tar- 
taric,  precipitate  silicic   aciil   frcmi   its   oomliinations   with    the 
alkalies;  and  a  current  <if'  carluiinc  acid,  or  even  the  gradual  ab- 
sorption  of  carbonic  acid  from  the  atmor^phere,  produces  m  Biiriilar 
result.     At  a  high  tetuperaturc,  liDWcver,  the  action  is  reversed  i 
fttr  as  sili«'a  is  not  vi>latilizetl   to  any  pcrce)>tible  extent   by  the] 
heat  (tf  a  furnace,  it  deconiposi^  the  carlM»nates  and  the  salts  of 
all   the  volatile  aci<ls  when  ignited  with   them;  hence  even  the! 
sulphates  \'ieKl  up  tlieir  basGB  to  the  silica,  whilst  the  sulphuric 
anhydride  is  exj>ellc<l. 

(471)  If  cdiu-scly-powdered  eilieide  of  calcium  (WOa)  bo  di- 
gested in  futninj;  nitric  acid,  in  a  vessel  kept  co*»l  by  immeiv.ion 
m  water,  an  extricatiim  of  hyrlrogen  takes  i»laee,  and  a  new  c^nu■• 
]>oun<l,  to  which  Wuhler  hah  giviMi  the  name  of  Killcfnw  (tibjeo 
tionablc.  because  already  a|»propriatc<l  to  tbe  eleniont  Jti*olf).  in 

i gradually  fijrined.     Tiie  mixture  is  to  lie  ngitati^l  fre<|neMflv  anil 
iept  for  some  time  in  a  dark  phu-e  until  no  furtber  extrication  nf 
gas  r»ccm-s.     The  mixtui-e  is  then  to  l>e  rjilntetl  witli  7  or  S  part4  ^ 
<if  water,  and  the  insoluble  materiid  collecte<l,  washed,  prcsist-dj 
Ix'tween  blotting-paper,  and  dried  in  the  dark  in  vacuo,  over  t>vt\- 
phuric  acid. 

Siflctme  (Si.II.O,?),  or  eJiryseon,  as  it  might  l*  fitly  tenncd  ia] 
allusion  to  its  coKmr,  is  a  bright  orange-yellow  mass,  nistduble  in 
wilier,  alcohol,  bisulphide  of  carbon,  tercidoride  of  phosphorus,  or] 
eldoride  of  silicon.     When  heated  it  deepens  in  colour,  and  aftcT- 
wanU  takes  tire  with  slight  explosion  and  the  emiasion  of  spark*,j 
leaving  silica,  which  is  brown,  owing  tv>  the  pri'senee  of  Nltcon. 
If  henti>tl  without  ncvess  of  air,  it  evolves  hydrogen,  leavinsj  a 
rt>i*ulue  of  siliea  and  amorphous  silifH^n  in  shining  brown  Hakes. 
"I"       '       iiiposition  begins  even  at  212°.     If  hcat*^^!  with  water  in 
)t  iiNo  t<*  .'5S4'^  it  is  speedily  convorte<l  into  white  llake»  i>f 

«ilK^i.  \v  liiUt  pure  hydrogen  is  evolved,  nud  is  retaiued  under  great 
iHWmiuv  iu  the  tube. 

Ill  the  dark  it  may  be  preserved  without  alteration,  either  \xx 
n  ....,;..r  ..I  .hv  *tafe;  but  if  exposed  to  diffused  daylight  it  slowly 
V.  with  evolution  of  hvdrogen.     If  ex]>osed  to  tKo] 

».  •■  iter,  it  immediately  begins  to  evolve  liydrogett,] 

H'  ■  ii*  h'rt,  which  Wohler  has  termed  leukoii. 

•  ■I  iittiu'ked  bv  chloriTic  nor  by  fuming  nitric  •►Tt 
"M<>i  wluMi  boiling:    hvdmduoric  acid  i|i<v.»|vt'fl  itj 
^.  'iio'iictcristlc  reaction  i«  the  nip  iicr 

|i,  i  l'>  solutions  of  the  caustic  aU  ,    ■  ith 

|j  t*tiuru  Hnd  viuleut  extrieutiou  uf  liydrugen.    Anul 
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jmonia,  evcu  in  very  dilute  solutions,' has  a  Rimilar  effect.  TUe 
lonrboiiiifes  of  the  alkali-nietaU  <liss<ilv'e  it  mure  slowly.  Silicone 
jlcts  as  a  powerful  •educing  Hfrent,  csju-L-iiilly  in  tliu  jiriM>once  of 
|s[i{.tlio^.  Salts  of  coitjior,  fjutd,  silver,  palladium,  and  osmium 
lyicld  with  it  dark  ■silicates  of  a  r;ui><)xide. 

[     (471'^)  Leuhm  (Si.II.O,?),  Wohlor  {Lin^.  Ann.  cx.wii.  257). — 

nis  compound  was  first  doscrihed  as  a  hydratcd  oxide  of  silicon, 

it  has  sul>seqneutly  l>een  further  examine<l  by  Wohler,  who 

i  fhaiiired  its  Tiame  to  leukoii  in  allusion  to  its  aspect,  from 

nvf  \rbite.     When  crystallized  gilicf^n  is  heated  to  barely  visible 

dness  in  a  current  of  gaseous  hydr<jchloric  acid,  hy<iro<ren  is 

BberHted,  and  a  volatile  liquid,  hydroehlorate  of  chloride  of  ssilicon 

Bi,n,Cl„)  is  formed;  this  coini>oiind  when  mixed  with  water  ia 

niiiciliately  decomposed  into  hydrochloric  acid  and  a  voluminous 

liite   jKiwder.   which   is   leukon  ;    Si,H,Cl„  +  5   II,B   becoming 

ii.H.e.-1-Kjnci. 

Linikon  at  temperatures  above  32°,  when  in  contact  with 

rater,  nndorwoes  oxidation,  and  evolves  hydrogen.     Wohlor  and 

Buff  [Ann.  de  Cfiimie^  lii.  27'i)  describe  tins  bo<ly  when  dry  m  u 

'  Biow-white  fiowder,  sufficiently  light  to  float  upon  water,  though 

lltaiiiksin  ether,     Tlio  caustic  alkalies  and  their  earlKHiutes  dia- 

ilvc  it  rapidlv  with  brisk  ctfcrvescence.  owing  to  the  formation 

fa  silicate  ot  the  ba^e,  whilst  hydrogen  escapes.     Ammonia  also 

wuiposcA  it  with  slow  evolution  of  hydrogen.     The  acids,  with 

:  exception  of  the  hvdrofluorie,  do  not  act  upon  it.     It  may  be 

eated  in  air  to  571)''  without  alteration ;  but   at  a  somewhat 

LijrhtT  temperature  it  takes  fire,  burning  with  scintillation,  and 

«Diitting  a  phos])horescent  light,  at  the  same  time  giving  otf  hy- 

Irojrcn  g:is,  which  burns  explosively.     If  heated  in  a  closed  cruci- 

ileit  is  decomposed  into  a  mixture  of  silicon  atul  silica  :  hydride 

Btiicon  (-1:72)  being  lilierate<l,  but  undergoing  immediate  dccom' 

sition.     Leukon   is  sliglitly  soluble  in  water,  but  the  limiid 

ickly  undergoes  decomposition,  evolving  hy<lrogen  gas.     The 

ilfltion  exert*  a  strong  re<lucing  power,  jirecipitating  gold  and 

lailium  from  neutral  solutions  <if  their  salts,  in  a  metallic  form. 

also  instantly  bleaches  a  solution   of  perrnangjuiutc   of  potas- 

sinm;  and  throws  down   reduced  selenium   and  tt-lhu-ium,  frotu 

♦olutions  of  selenious  and  tellurous  acids  in   liv<]rochloric   acid. 

oilier  and  Hutl",  hi>wever,  think  it  prol>able  tiiat  tliis  solution 

mUiius  a  still  lower  oxide  of  silicon  than  the  one  above  de- 

hed. 

Lenkon  is  liest  prepared  by  jtlacing  crystallized  silicon  in  a 

le  glass  tube  counected  with  a  U-tul»o  cook'd  l>y  a  mixture  of 

and  salt,  wliilst  the  apparatus  terminates  in  a  bent  tube  dip- 

piivj;  into  ice-cold  %vatpr;  tiie  silteon  is  to  be  raist'd  to  a  liarely 

isitile  red  heat,  and  a  current  of  dry  hydrochlorie  acid  gas  truns- 

ittal;  hydroehlorate  of  chloride  of  silici>ti  is  toriued,  and  in  part 

udensed  in  the  U-tube,  and  the  portion  whicli  passes  on  is  de- 

'inix>sed  by  the  water.     The  voluminous  white  precipitate  thus 

iTiied  coosists  of  leukon,  and  is  to  be  quickly  pressed  between 

lids  of  blotting-paper  and  dried  in  vacito  over  6ulpli\iivc  aciOu 
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(472)  TIydkidf.  OF  Si[j(X)S'  (II,Si  ?). — Alonij  witli  the  t'r 
conij)oini(],  WdliltT  and  lliilf  have  also  doseril>fd  n  rein 
jL^iiseoiis  coiuhiaatiuii  of  hvdru^jfi-ii  iiiul  silicoi^  It  lia*  tuA  bwii 
pn(fnn.'<l  in  a  pmv  .statt.',  Imt  itinv  he  obtaiiied  iiiixt-d  witli  a  lafp* 
<juaiitity  of  froL'  }iydroij;L'n  ns  a  spontaneously  iiiriaiinnahle  pis, 
whim  a  wire  or  plate  <if  ahimiiiuni  eoruhine<l  with  silieon  is  jilaciJ 
in  a  solution  of  nliloi-ide  of  sodiuiu  and  made  the  po^iitive  jMjleof 
a  fet-hle  \tt\Ui'ui  Imttery.  A  larije  snrfaee  of  aluniiniiin  and  die 
avoidance  of  any  consideraV>le  elevation  of  temperature  are  nece*- 
Btuy  to  insure  the  maxiniuiu  pri>diietioii  of  the  hydride. 

The  eleetrolytic  gas  is  eolourlenii;  when  allowed  to  bum  in 
the  air,  it  emits  white  fujnes,  cont^ititin^;;  of  amorphous  siliea.    If 
a  cold  plate  of  jioreelain  or  of  ghits  he  introduced  into  a  jet  v>f  the 
huniing  gas,  a  lirown  film  of  reduced  silicon  is  depositetl  upon  its 
surface.     It  is  also  deci>nipO!*eil  Ijy  transmissitm  througli  a  glasb 
tuhe  heated  to  reduet^s,  when  a  coating  of  reduced  silicnu  is  dej»o- 
sited,  and  the  gas  is  tbund  to  have  lo^-t  its  sclf-liijhtirig  power. 
Its  exact  composition  is  not  known.     This  gas  preeijiitates  many 
metallic  Mflution.s,  such  ns  enlphate  of  copper,  nitrate  of  silver, 
and  <hlitride  of  palladium ;  hut  it  is  without  action  upon  the  solu- 
tions of  lead  and  of  platinum  ;  the  precipitates  in  luost  caseA  eon- 
tain  silicon. 

Hydride  of  silicon  luay  also  be  ohtaitied  by  decomposing  with 
Cold  dihtted  hvdrochlorie  acid  an  im[»ure  silicide  of  magnesium 
obtaitijed  by  mixing  iiitiniatciy  4i>  parts  ol'  fused  chloride  of  mag- 
nesium, 3.')  of  ihied  silieotiuoride  of  sodium,  and  10  of  ftiseil 
chloride  of  sodiuni;  these  are  ndxed  in  a  wano  dry  tube,  witli  20 
parts  of  sodiuin  in  tnuiU  fragments,  and  thrown  into  a  Hessian 
crucible,  heated  to  reihiess,  Avhich  is  immediately  covered;  the 
heating  is  to  be  continued  till  the  vapoura  of  .siiiUnm  cease  to  bnni 

(47H)  NrrRtDK  of  Silicon  may  be  obtained  Ity  J;he  direeti 
action  of  nitn^geu  upon  silicon  at  a  verj'  high  tcnqteraturc ;  crvs- 
tallized  silicon,  when  heated  in  nitri>gen  gas,  becoming  coated  with 
a  light-lduish  tibrons  compound  of  the  two  elements.  This  nitride 
may  be  heated  to  redness  in  chlorine  without  undergoing  decom- 
position. When  heated  to  fidl  redness  in  a  emTent  of  bteaui^ 
ammonia  is  <lisengaged  abundantly  and  silica  is  formed. 

,(474)  Si'LrnuiE  of  Silioux:  SiS,  =  92, — A  sulphide  eorre- 
Bponding  in  composition  to  silica  is  formed  by  transmitting  tlic 
vapour  of  bisulphide  of  carbon  over  a  mixture  of  linely  divideil 
silica  and  carbuii  i  and  when  either  compactor  pulverulent  silieon 
if.  strongly  heated  in  an  atmivsnliere  of  sulphur,  combustion  occur* 
with  a  red  glow  ;  a  white  eartliy-looking  sidi>hide,  which  rapidly 
absorbs  umlstin-e  from  the  air,  is  tlic  result:  tins  cMmj>onnd  is  com- 
pletely sohd)le  in  water,  but  it  is  <leconiposed  whilst  undergoing 
s<»hition:  biS,  -f  2  H,0  becoming  SiO,  +  2  IJ,S;  sulphuretteq 
hydrogen  and  soluble  silica  being  formed :  the  silica  may  be  ob- 
tained !is  a  jelly  Ity  evaporation.  

(475)  C'lii.okiDE  OF  SiLicox  (SiCl,  =  170) ;  Mtd.  Vol.  |  |  | 
Theoiet'u}  Sp.  (Jr.  of  Vapour,  5'873;  Olrn'rved,  5  039;  <?/ 
IhjHid  at   3:2°,    1*5237:   Boillmj-pobU   138°. — This   comjKtund 
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msT  oe  tormed  by  lieuting  silicon  in  chlorine,  or  more  eoonorni 
cullv  l>v  tlie  fiillowing  indirect  mi»tliod  ; — Finely  l>ow(k>roil  silica 
U  nisiile  up  into  a  piist«  with  (til  and  chiireoal,  and  Iwatcd  in  a 
covered  crucible;  the  chai'red  ina^s  in  t'rugnients  is  trariaterred  to 
M  iMircelain  tube,  in  which  it  is  ignited,  and  suhjectetl  \o  a  current 
'  drj'  chlorine:  neither  chlorine  nor  carhon  separately  can  decoin- 
KilicH,  but  together  they  effect  its  decompositiijn  efisily,  car- 
■nic  oxide  escajnuf;,  whilst  chloride  of" silicon  is  formwl;  SiO,+ 
2  CI,  -f-  ^,= y  OO  +  SiOl,.  Tlie  product  is  received  into  vessels  cool- 
ed with  a  treezing-mixtm'e.    Fig,  313  shows  a  foiin  of  apparatus  by 

Fia.  313. 
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rhich  the  chloride  may  be  readily  prepared ;  d  is  a  porcelain  tube, 
which  (lontains  the  uuxture  of  charcosil  and  uilica;  chlorine  is 
lifi<  iate<l  from  the  Hask  a,  Wiu^hcd  with  water  in  b,  dried  by 
tr:iii>tjiittinL^  it  over  pumice  and  sulphuric  iu-id  contained  in  the 
tube  c,  aftd  iUlowed  to  pass  tiirouj;!!  the  tube  n,  %vhith  witli  its 
contents  is  expose^l  to  a  red  heat  in  the  fnniace  ;  the  chloride  of 
8ilie»(n  distils  over  into  the  bent  tube,  k,  wheix'  it  is  condensed  by 
immersion  in  a  free/ing-inixture  of  ice  and  salt;  a  tube  fused  into 
the  bend  of  the  tube  e,  conveys  the  chloride  into  a  bottle,  o, 
which  may  also  be  kept  cool  by  ice. 

Chloride  of  silicon  is  a  transparent,  colourless  liquid,  with  a 
pnii*;ont.  acid,  irritating  odour;  it  is  very  volatile,  and  fumea 
strongly  in  the  air.     Its  composition  is  tlie  following  : — 

tty  <rclght       By  »nliim«,  9p.  ur. 

Chlorine 01«  =  U2  or  83-3:!    4     =  2  0  =  4  900 

ailioon      ....  Si    =    *i8        16  47     2?  =    1?   =  0  9G7 


Chloride  of 
Bilicoii 


SiCI,  =  no      100-00     2=10=  5873 
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Water  immediately  decompofies  <'liloridL'  of  silicon,  dcji<-:-uiiig 
hydrated  silica,  and  I'oniiiiig  In'dritt-lilt^ric  acid.  A  nioisit  mmo- 
sphere  als^u  deooirijuises  tlie  eulnridc,  eausijig  the  depiw^ition  of 
eilioH  in  opaque  laiiiel!ar)diitc'«4,  which  like  the  mineral  ^y^^/'c/'^aw 
become  tninsparcnt  when  immersed  in  water,  Itut  resuine  iheir 
oj)acity  on  (h'vin;;  ;  the  siliceous  deposit  uhtiiined  from  the  joints 
ot'  tliK  ImuhIjoo,  known  as  talxisheer,  exhihits  the  same  peeuliarity. 
The  liipiid  cldoride  dues  not  act  on  pota!«->*tuni,  hut  if  the  metal  be 
heateil  in  its  vapour,  chloride  of  pota.'^sium  is  produced,  and  silicon 
is  set  free ;  this  la  one  of  the  bent  methods  of  obtaining  sili- 
con. 

Two  compounds  between  the  euljihide  and  the  chloride  of  al- 
icon  have  been  ol»tained  (PierreJ;  tiieymaybe  reprcbented  bvlhe 
formnlaj  (SiS.3Si01.;  4^.  Gr.  of  vapour,  5-24)*  and  (2  'SiS^ 
Sia.). 

(476)  lironiide  of  Silicon  (SiBr.  \  Sp.  Or.  of  Liquid  at  32 
2-813;  Jioilin{/-/>f.  30S°)i8  analorrous  in  properties  to  the  chloride 
it  mav  be  formed  in  a  similar  uianuer. 

(4(7)    IIVIJKOLUI.ORATE   OF     Cni,OKIl)E   OF     SiLICON    (Sl,IT,Cl„ 

4  HCl,;?  SiCl,=443);  Sj?.  Gr.  of  Lhiuid,  l-t>5;  BoiUnq-pt.  108' 
(Wohler  and  V>\\^^  Anmil.  de  Chimie^lW.  Hi.  2^,0).— This  coio^ 
jKtuud  is  a  colourless,  highly  mobile  liquid,  which  fumes  poweH 
inllj  on  exposure  to  the  inr,  depositinj^  a  white  tibu  upon  sui 
roundiufi  bodies,  and  emittinp;  a  vapour  of  suffocatincj  odour. 
is  iiigbly  iuflamuudjle,  and  burns  with  a  irreenish,  feebly  lumino 
tlame,  dei>ositiiii:  silica  and  emittinj;  hydrochloric  acid.  If  it 
vapour  l>e  inix<'d  witli  oxy<;fi),  it  explodes  violently  on  the  trana 
mission  of  the  eleetrie  sparlv,  silica  being  deposited,  whilst  hydro 
chloric  acid  and  cliloriJe  of  silicon  are  formed.  The  liquid  ma 
be  boiied  upon  sodium  without  undergoing  decomposition.  I 
passect  throui^b  a  tube  Iieated  to  redness,  it  is  decomposed  into 
mixture  of  cldoride  of  silicon  and  hydrochloric  acid,  whilst  hal 
its  silicon  is  deposited  in  the  form  of  a  brown  amorphous  cnjsl 
exhibiting  a  metalHc  lustre.  Water  decomposes  it  imniediatel 
with  great  elevation  of  teiuporature,  lenkon  and  livdroddorie  aei 
being  formed :  Si,II,Cl„  +  5  11,0  yielding  i5:,ll,e',  + 10  IICI. 

The  mode  of  preparing  this  compound  by  transmitting  drj 
hydrochhjric  acid  over  crystalb'zed  silicon  heated  to  dull  rednesa 
has  abx-ady  been  described  when  speaking  of  the  preparation  ol 
leukou  (471</.J 

A  similar  liquid  compound  (Si,II,Br„  ? ;  Sp.  Gr.  2*5)  may  b< 
obtained  in  like  manner  by  means  of  hvdrobromic  acid.  Tin 
cori-esponding  compound  of  iodine  (Si.liJi.O  Jorms  a  fusibl 
cryBtalline  solid. 

•  The  calculated  density  of  thiB  gaTistnnce,  eiippoaing'  it  to  Rivo  "  voIuiopb  of  t» 
pour,  or  1  volume  of  tlif  vapour  of  sulphide  of  Bilicon  and  2>  of  chloride  of  siljooi 
.united  without  oondensation,  is  6 '018;  for 

By  TnluM,  Up.  gt. 

SiS,  =       1     or    Oa.1     =     R-959 

aSiOU  =2  0  67     =     1069 
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(47S)  Flcoride  of  Sn-ico»  (SiF\=104:) 


8-oS7:  Obseri'i'd,  Sm  ■  Mo/.   Vol. 


1- 


-Tl 


le 


Th-ectretle  Sp.  Gr.. 
"iiuride  is  one  ot 


-t  remarkable  compound*  of  (*ilicon :  &o  jiowt-rful  is  the 
liii  betWL^oii  fluorine  and  silicon  that  hydrofluoric  acid  sep- 
tratc^Mlicon  from  its  most  intimate  cunibinations,  such  aa  silica 
ml  glass.  In  order  to  prepare  the  fluoride  of  silicon,  equal  parts 
''  finely-powdered  fluor-spar  and  siliceous  i»and,  or  powdered  glues, 
mixed  in  a  capacious  flask  or  retort,  with  twelve  times  their 
weiglit.  of  oil  of  vitriol.  On  the  application  of  heat,  a  colourless 
gi5,  with  a  peculiar,  pungent,  acid  o<lour,  is  given  ofl":  hydro- 
flaoric  acid  is  liberate*!,  and  this  immediately  attacks  the  silica,  as 
isaliowu  in  the  following  representation  of  the  reaction  : — 

OaF,  -f  H,Se.  =  2  HF  -f-  OaSB. ; 
and  4  H  F  -f-  SiO,  =  2  H,e  -f  SiF,. 

The  composition  of  the  gas  may  bo  thus  represented: — 

By  »iil. 
2?  or  IT 
4  2 


SQicon Si    = 

Flouriiia F,    = 


By  weight. 
28  or  26-9 
76  or  78-1 


8p.  fr. 

=  0  967 
=   2'e26 


^uoride  of  gilicon  SiP,    =  104     1000  2  1=   3-693 

Flunride  of  silicon  fumes  strongly  in  air;  it  is  not  inflam- 
i^naWe,  but  extinjjuishes  a  lighted  tajier  ;  under  strong  i>ressure  it 
IS  liquefied  by  Faraday;  and  according  to  Nattcrer  it  becomes 
'wild  at  — 220°.  The  gas  is  dissolved  and  partially  decomiwsed 
bv  water ;  it  must  therefore  be  collected  over  mercury,  and  in 
jtir^  which  have  been  pertectly  ckied  at  a  high  temperature ;  the 
flifjiiteit  trace  of  moisture  on  the  surtacc  »»f  the  jar  causes  a  de- 
v»i>ition  of  silica,  which  adheres  very  tiniily  to  tlie  glass  and  ren- 
acrs  it  opalescent.  Fluoride  of  silicon  combines  with  twice  its 
vuliiiue  of  ammoniacal  gas,  and  forms  with  it  a  crystalline  vola- 
|ile  cum  pound. 

(475))  SiLicoFLUOBio  Acm:  Ilydrqfiuosili.ci'C  Acid  (2  nF,SiF, 
'=144). — When  a  stream  of  gaseous  fluoride  of  silicon  is  ti-ans- 
mitteJ  through  water,  it  is  partially" decomjuiscd  and  pai't tally 
dissolved-  Tw'o  atrtuis  of  water  react  on  3  of  fluoride,  and  pro- 
daw  the  silicofluoric  acid,  which  is  dissolved,  whilst  one-third  of 
it6  sihcon  is  deposited  as  silica  in  the  form  of  hydrate : — 

3  SiF,-|-2  H,e=Sie,  +  2  (2  IIF,SiF.). 

In  the  preparation  of  this  acid,  the  tube  from  which  the  fluo- 
i  is  escju,>ing  umst  nut  plunge  at  once  into  water,  otherwise  it 
speedily  i>ecome  olistructcd  by  the  clejH)sitc<]  siliim.     Tiiis  in- 
jvenience  may  be  prevented  by  placing  a  little  mercnrv  at  the 
of  the  vessel,  in  rtrder  that  the  tube  rnsiy  dip  beneath  the 
ercury,  as  shown  in  tig.  314,     Each  bubble  iis  it  rjses  becomes 
rounded  by  a  siliceous  envelope,  and  finally  the  liquid  sets  in- 
>  a  g-elatinous  mass :  the  acid  liquid  is  separated  by  pressm'e  in 
nen  from   the  deposit,  which  when  freed  from  adhering  acid, 
institutes  a  pure  hydrate  of  silica.     A  more  easy  method  of  ob- 
the   acid,  when    it  is  required  in  quantity,   consists  in 
ng  silica  in  diluted  lijdrofluaric  acid. 
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A  saturated  solution  of  silicofluoric  ar.id  forms  n  yoTjynltJ 

fntning    liquid.      In   i^M 
^0-  ■'l*'  tioti  it  fines  not  att;u.-k  glasi, 

but  it  does  6o  if  uUovcd  tit 
evaporate  upon  it;  tk 
fluoride  of  silicon  licfnmcf 
volatilized,  leaving  frw-hr- 
drofliioric  acid,  whir-h,  re- 
■(  i  UB  I  at^ting  on  the   silica,  pni- 

duces  water  and  riuoride  of 
silicon,  as  in  the  onliniiry 
pr<xie8S  for  niakinir  that  sas ; 
4HF  +  SiO,=2U,e  +  Si 
F,.     Silicofluoric  acid  com- 
bines with    barMis   to  form 
salts,    if   the  base   be  ii'A 
added  in  excess;  if  an  ex- 
ceBft  of  base  be  employed, 
silica    18    precipitate^l,  anti 
the  whole  of  the   fluorine 
is   separated  as  a  metallic 
fluoride.     In  the  first  ease  the  action  nuiv  he  thus  represented: 
2  KIIO4-2  HF,SiF,=2  11,0  +  2  KF,SiF,.  "  In  the  second  case:  6\ 
K 1  le  +  2  H F,Si  F.  -  4  I1,0  +  6  KF  +  SiO,.     Dilute  Bohition    of 
Kilicoduoric  acid    pwdiioes    transinuont   jelly-like    preci]>it:tt09  in; 
the  alkaline  saks;  it  is  frequently  oinpluyod  as  a  jirecijiitant  of 
potassium.     With  salts  of  uariuiu  the  acid  gives  a  white  crrstal- 
line  precipitate. 

§  II.  Boron:  B=10-9. 

(4S0)  BoKON  is  the  characteristic  combustible  clement  of  thej 
acid  contained  in  liorax,  whence  it  derives  its  name.     In  nature  iti 
is  always  met  with  in  ccnnbiniition  with  oxygen.     It  is  a  body 
which   n<Tiirs  in  nimpnratively  spiiriuir  qufintities,  and  only  in  a 
few  loeiditie.-i.     Tlmujrh   one  of   the  triad  elements,  it   nresenta-i 
consider:il)le  anutog'v  with  silicon  in  its  properties,  and  its  mode 
of  eombiiiation,  an(]l,  like  it,  may  be  oVitained  in  three  distinct 
nioditications,  tlie  crystalline,  the  grai>liitoid,  and  the  amoriihous.| 

Amorphcnis  Boron, — Berzelius  olitained  Iniron  by  a  process] 
analogous  to  that  employed  iu  the  case  of  silicon.     Tne  borofluo-  ■ 
ride  of  ]>otassium,  a  sjjnringly  stilultle  salt,  is  made  by  saturating ' 
hydrofluoric  with  Ikh'rcIc  aciil,  ncutralizinsi  the  liquid   with  e4ir- 
bonate  of  notassiuin,  and  wiitihiiifj  the  comjiound  witli  cold  water;  j 
it  is  then  dried  at  a  iicat  a  little  below  rednes.4.     When  cold  it  is' 
mixed  with  an  equal  Meight  <tf  potassium,  and  heated  in  a  cov- 
ered iron  crucible.     The  fluoride  of  potassium  is  removed  by  he 
water :  2  (KJ-^BF.)  +  3  K,=  S  K  F  +  2  B. 

Boron  as  thus  obtaiue<l  is  an  amorphous,  dull  olive-green  1 
powder,  wliich,  before  it  hat*  been  strongly  ignited,  soils  the! 
lingers,  and  is  dissolved  by  pure  water  in  small  quantity,  formingj 
u  ^i-eeuish  yellow  solution  ;  from  which,  however,  it  ia  prccipit«t-| 
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unchanged  on  adding  a  little  solution  of  sal  aminonijio.  Boroa 
nut  oxidiztHi  by  exiKi?.iiPt'  to  air,  to  watpr,  or  to  »t>liitit»ns  of  tlie 
alies,  whether  cold  or  lioili[i«f.  It  is,  liowever,  easily  oxidized 
leu  treated  with  nitric  acid  t»r  with  lujua  regia.  After  exposure 
U>  intfu^o  heat  iu  vessels  fn)ni  which  air  is  exclude<l,  it  l»econ»efl 
(Icn-HT,  and  ilarker  in  colour.  It  inav  be  fused  by  the  sipplication 
iifa  heiit  still  more  intense  than  that  required  to  melt  silicon. 
As  first  obtaine<i,  lnjron  exhibits  a  strong  attraction  for  oxygen, 
uid.  if  heated  in  air  or  in  (»xygen,  takes  tire  below  redness,  burn- 
ing with  a  reddish  light  and  emitting  vivid  scintillations ;  it  is 
tkiu  converted  superficially  into  boracic  anhydriile,  which  melts 
wid  protects  a  portion  of  the  boron.  If  mixed  with  nitre  and 
heated  to  redness,  it  defliigrates  powerfully.  It  is  also  oxidized 
when  ignited  with  hydrate  of  potivsh ;  and  when  heated  with 
wrlKuate  of  potassium  in  fusion  it  sets  carbon  free,  and  forms 
borate  of  potfLssium.  Pulverulent  boron,  like  silicon,  is  a  non- 
ttintlucfor  of  electricity. 

B«tron  may  be  obtained  in  the  amorphous  form  in  large  quan- 
tity by  the  following  method  (Woliler  and  Deville ;  Liehig's 
Annal.  cv.  fi7); — 1500  grains  of  fused  boracic  aidiydride  is 
wsrsely  powdered  and  mixed  rapidly  with  900  grains  of  sodium 
cut  into  small  pieces.  The  mixture  is  then  introduced  into  a 
ca<t-irnn  crnciiile  previously  heated  to  bVight  redness ;  700  or  S(.>0 
j^rsiiiLS  of  solid  but  previously  fused  chloride  of  sodium  are  placed 
npori  the  top  of  the  mixture,  and  the  crucible  is  covered.  As 
Hm  as  the  reaction  is  over,  the  still  liquid  mass  is  thoroughly 
stirred  with  an  irun  ro<l,  and  poured,  wliilst  red  hot,  in  a  slender 
•Ircftni,  into  a  large  and  deep  vessel  containing  water  acidulated 
witli  hydrochloric  acid.  The  pulvonileiit  Ijonm  is  then  collected 
wi  at  filter  and  washed  with  acidulated  water  till  the  boracic  acid 
b  <;ot  rid  of;  after  which  the  washing  maybe  continued  witli 
part-  water,  until  the  boron  begins  to  run  through  the  tilter.  It 
must  tinally  be  dried  uj>on  a  porous  slab  without  the  application 
if  iieat. 

CnjstaUized  JBoron. — In  order  to  convert  the  amorphous  into 
tlifl  cr>'3tallized  form,  the  following  method  may  be  a"li>ptcd: — A 
lall  Uos.sian  crucible  is  lined  with  the  pulvei'uleot  boron  made 
fcto  a  paste  with  water,  and  the  boron  is  pressed  in  strongly,  as 
in  tile  ordinary  mode  of  lining  a  crucible  M'itfi  charcnai.  lu  the 
.tntral  cavity  a  piece  of  aluminnm  weighing  tVnin  60  to  00  grains 
placed ;  the  cover  is  luted  on  and  the  crucible  enclosed  in  a 
ond,  the  interval  between  the  two  being  filled  with  recently 
lited  powdered  charcoal.  The  outer  crucible  is  next  closed 
th  a  Inted  cover,  and  the  whole  exposed  for  a  couple  of  hours 
gp  a  heat  sufficient  to  fuse  nickel.  The  temperature  is  then 
flowed  to  fall ;  and  when  cold  the  contents  of  the  inner  crucible 
.are  digested  in  ililutcd  hydrochloric  acid,  which  tUssolves  out  the 
liuum  ;  beautiful  crystals  of  boron  are  left,  gencnilly  trans- 
rent,  but  of  a  dark  brown  coloiir.  A  quantity  of  (fvapkitoid 
des  of  boron  are  formed  at  the  same  time,  in  pale,  copper- 
floured^  opaque  six-sided  plates. 
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Crystallized  boron  has  a  bd.  gr.  of  2*68 ;  it  assnmes  the  f«nq 
of  truiispiiient  OftoJiudni  I)clr(ri<;ing  to  the  pyramidal  svstciu. 
These  crvHtals  when  pure  jire  Hourly  cMjluurlesi*,  but  thev  ustinlly 
contain  trai.ies  of  foreign  matters,  wliich  give  them  a  pale  vellow 
or  red  colour :  they  ret'nict  light  powerfully,  and  are  hard  enoneh 
to  scrattli  the  ruby,  and  even  sensibly  to  wear  away  tlie  diamond. 
Crystallized  boron  burns  imperfectly  in  oxygen  when  lieiite<i  to 
full  whiteness,  and  becomes  coated  with  a  layer  of  fased  bor»cic 
£inhy(lri<le.  It  however  burns  easily  when  heated  toredui-a»m 
dry  gaseous  chlorine,  becoming  converted  into  the  gaseous  terclilo- 
riile  of  boron.  No  a<;;id  nr  mixture  of  acids  has  any  actiomipoD 
eitlier  crystalline  or  grapbitoid  boron. 

Boron,  like  titanium,  enters  i:ito  direct  combination  with 
nitrogen  at  a  high  temperature;  a  quantity  of  this  nitride  is 
formed  as  a  gray  coherent  mass  during  the  preparation  of  crystal- 
lized boron.  Pulverulent  boron,  when  heated  m  a  current  of  dry 
ammoiiiucid  gas,  becomes  incandescent,  and  is  converted  into 
nitride,  whilst  liyilrogen  is  liberated.  Uoi-on  in  all  its  forme  bam? 
freely  in  chlorine:  when  ignited  in  contact  with  steam,  withsful- 
pburetted  hydrogen,  and  with  hydrochloric  acid,  it  deeompoee* 
them,  but  the  liittcr  is  attacked  with  some  difficulty;  boracic  acid, 
eulphiile  (tf  boron,  and  cliloriJe  of  boron  Iteing  formed  rt*pec- 
tivtdv,  whilst  livdrogen  is  liberated. 

(481)  r.oKArir  ANnYnRiDK(B,e,=69-8;  orBO,-l-34*»):  Cry*^ 
taUht-d  Acid  (1IB<>„1I,0), — ihis  is  the  only  known  compound 
of  oxygen  and  boron.  It  is  found  cinubined  with  sodiurn  as  on 
acid  borate  in  the  tiiwal  obtuiiied  i'nuii  Tliibet,  and  in  a  crystal- 
lized borate  of  calcium  and  magnesium  from  the  western  coast 
of  iJontb  America;  (juite  recently  borax  and  boracic  acid  have 
been  found  in  t'alil'ornia;  but  its  most  abundant  soxirce  is  the 
mareMiiiui  of  Tuscany,  where  it  is  met  with  in  the  uncombined 
state,  and  accompanitMl  by  snljdiuretted  hydrogen :  it  issues  in 
small  quantity  along  with  the  jets  of  steam  {franerolles  or  somont)^ 
maintiiiiieci  l>y  the  action  of  snliterranean  hre.  These,  at  Afoiite 
Cerboli  :oul  ilonte  Ibftondo,  in  Tuscany,  are  directed  into  small 
lagoons  or  arttticial  basins,  such  as  those  shown  in  fig.  315,  thaj 
water.-*  of  wliieli  on  evaporation  yield  a  crude  boracic  acid,  troitt 
which  a  large  pmiiortiou  of  the  borax  of  commerce  is  now  mana* 
facturcd.  Acconling  to  the  ingenions  suggestion  of  Lardarello» 
the  heat  supplied  liy  the  ftimerullcs  themselves  is  employed  in  this 
evajM  Hilt  loll.  Water  from  the  adjacent  springs  is  directed  into 
the  uppcrninst  basin,  « ;  here  it  stays  for  twenty-four  hours,  and 
is  run  ojf  after  suecessive  intervals  tif  twenty -four  houre  into  each 
of  the  four  lower  basins,  ft,  c,  d,  e.  Fntm  tile  last  of  these  it  flowa 
into  settling  vats,  /*,  /,  where  in  the  course  of  twenty-four  houra 
more  the  suspendea  matters  subside.  The  supernatant  liquid, 
■which  contains  from  lA  to  2  per  cent,  of  boracic  acid,  is  then 
decanted  into  shallow  leaden  evaporating  pans,  ^,  g,  heated  by, 
the  vapours  of  several  ftinicrolleR,  which  circulate  nndenieath  ia 
flues,  A,  arranged  for  the  pur^xise.  In  tweuty-four  hours  tlie 
liquor  is  reduced  to  about  half  its  bulk ;  it  ia  then  transferred  to 
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aller  pan,  on  a  lower  level,  where  it  is  allowed  to  evaporate 

itventy-l'unr  hours  longer;  it  is  again  tran.stbrred  t<}  a  Binaller 

when   al'ter   the  lapse  of  tvrenty-four  hours  more  it  has 


Fio.  316. 


»i;iiiirf.i1  a  density  of  1*07  or  1'08,  and  is  snffieiently  concentrated 
■illize  on  cooling.  Sulphate  of  calcinni  in  abundance  is 
liili-Mfi-il  in  the  pans  durincf  tnese  evaporations,  and  it  reijuires 
removal  from  time  to  time.  About  two  thousand  tonn  i>l'  the 
cru/Ie  acid  are  annually  tlius  procured  in  Tuscany.  The  cnnU- 
acid,  however,  sehlom  contains  more  than  tlirce-fourtlis  of  its 
weight  of  the  pure  crystallized  acid,  tlic  remainder  eonsistini; 
principally  of  suh)hates  of  ammonium  and  magnesium,  with  siuall 
quantiriesofsnlphnteof  aluminum  and  of  other  alkaline  and  earthy 
•nlphates,  a  peculiar  organic  matter,  and  a  small  proimrtiuu  of 
silica.  By  l>jring  into  the  volcanic  strata  artiticial  fioni<ini  have 
been  formed  whif;h,  as  at  Travnle,  yield  a  large  quantity  of  horacic 
»ci«l,  by  treatment  similar  to  that  atnive  de^icribed. 

Tlie  commercial  acid  is  puritied  by  adding  to  it  carbonate  of 
eodinm  as  long  as  effervescence  occurs,  and  thus  forming  borax,, 
which  is  obtained  nearly  pure  by  crystallization  (592). 

In  order  to  procure  the  acid,  purified  borax  is  dissolved  in  4 
parts  of  boiling  water,  and  to  the  hot  solution,  oil  of  vitriol  equal 
m  weiglit  to  that  of  one-fourth  of  the  borax  employed  is  added 
ifter  fllliition  with  a  little  water.  In  this  process  sidphate  of 
"  •  is  formed,  and  boracic  acid  is  liberated.  The  sparingly 
Uoracic  acid  crystallizes  out  on  cooling,  in  pearly-looking 
H-alts  which  feel  greasy  to  the  touch.  It  is  not,  however,  quite 
pure,  .-is  it  always  retains  a  little  sulphuric  acid.  To  remove  this, 
the  crye.talB  are  washed  with  ice-cola  water,  dried  and  fused  in  a 
platinum  crucible,  and  on  redissolving  the  mass  in  4  times  its 
Weight  of  boiling  water,  the  acid  crystallizes  on  cooling,  in  a  state 
of  pnritv. 

'   15 
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The  comixisition  of  this  acid  is  the  following : — 
Anhydriilo.  Crystnlllwd  r  HBO, 


H,e. 


Boron.. 
Oxygen 
W»tor. . 


21-8  or  31  23 
48  (iaTT 


=    240 
=    27-0 


■  5S-3» 
43-Cl 


Boraoic  add  B,e,  =  69-ft    100-00     (BO,.  3  HO)       =   619        10000 

Propertied. — The  cr^'stiils  of  hnnvcic  acid  effloret^c'e  and  lo 
two-thirds  of  their  water  at  a  pentle  heat,  and  at  a  sHijlit  increawj 
of  teitijierjitnre  hiroino  converted  into  the  anhydride  ;  at  m  redi 
heat,  or  ii  little  helow,  the  anhydride  fnses  to  a  transparent,  vigrid,! 
ductile  jrla*.*.  which  remains  clear  as  it  cools.  It  craanally  abntjrUJ 
innistiire  from  the  air  and  erundiles  to  piiH;es.  Boraeic  aci<lcoiu-J 
niiiiiieateft  to  its  eonipoiinds  the  property  of  readv  fuhibilitv;] 
indeed  it  is  chiefly  ou  this  aceonnt  that  it  is  valued.  "Many  <if  tliei 
horatea  are  a<liiu"ra!ily  adapted  for  flnxes,  which  are  u.sed  in 
glazins:  of  poreelain,  and  in  tlie  nn^Itinti  rif  g'dd  and  silver. 

Boraeie  ueid  i;?  sparingly  sohilile  in  cold  water,  but  it  is  dissjolved^ 
hy  'A  times  its  weight  of  boilinj;  water :  the  solution  has  a  ItitttT- 
irih  and  seareely  sour  taste:  if  allowed  to  evaporate  ujMin  tiinneric 

fiaper,  it  turns  the  pajier  hrown,  as  an  alkali  would  do;  it  jrive«to 
itmns  a  purplish  red  tint,  instead  of  the  usual  hritrht  re<i  of  the 
Btronj^er  acids.  It  gradually  ileconiposessolutions  of  the  carhonntts 
even  in  the  cold ;  hut,  on  the  other  hand,  a  brisk  current  of  carbonii 
acid  or  of  sulphuretteej  hyilrogen  wilt  eausea  separati<m  of  ])or»dd 
acid  in  crystals  from  a  strong  solutinri  of  borax.  Boraeic  acid  ii 
soluble  in  alcohol,  and  the  suhition  bums  with  a  characterist 
green  flame,  wliicli  when  viewed  tlirouirb  the  spectroscope  is 
to  exhibit  .5  well-marked  green  bands  (Vart  I.  ng.  SO,  No.  «•).  hi 
not  jiossilde  to  evaporate  a  solution  of  boracie  acid  either  in  alcohol 
or  in  water  without  losing  a  portion  of  the  acid,  for  tJie  vajniB 
always  carries  with  it  an  appreciable  amount  of  the  acid  ;  and 
steam  at  a  high  temperature  be  transmitted  over  boracie  acid 
lM)rate  of  calcium,  the  acid  is  vidatilized  in  considendde  <|uantiti 

Boratt'ii. — linrficic  anhydride  is  Init  very  slowly  volatilized 
Ignition,  and  hence,  though  its  chemi<'id  activity  is  very  feeble,^ 
at  high  teni]ier;iturese.\pelsallnnhydridi'smore  volatile  than  itst-lf, 
when  fused  with  tlieir  salts.  It  entei-s  into  combination  with 
•nlkaline  bases  in  a  great  variety  of  jiropoi-tions,  resembling  silt 
in  this  res]iect  as  in  some  others.  Although  many  of  the.se 
contain  more  than  1  atom  of  acid,  they  all  re.store  the  colonr 
reddene<l  litmus  paper,  A  sexborate  of  potassium  (2  KRO„ 
1<)  HBO,,  h  IT,H)  itiav  be  i)btaiiied  in  crvstals,  and  a  terborate 
(KBf>„2  HHO,,  3  11,0)  has  also  been  crystallized.  The  iM.ratc* 
of  the  alkaline  metals  are  freely  soluble,  those  of  the  other  nietids 
are  only  imperfectly  s(tluble;  none  of  the  borates,  however,  are 
60  insoluble  as  to  furnish  an  accurate  mode  of  asi^ertaining  the 
quantity  of  boracie  acid  present  in  solution  by  the  formation  of  a 
precipitate.  All  the  sparingly  soluble  Iwirates  are  dis*.olved  by 
diluted  nitric  acid.  In  analyzing  a  borate  it  is  usual  to  deter- 
mine  the  amount  of  all  the  other  acids  and  metals,  aud  others 
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litaents,  and  to  estimate  the  deficiency  as  boracio  acid.  It  is 
Bt  unlikely  that  buracic  acid  may  have  been  overlooked  in  many 
linerals,  aa  its  detection  in  small  quantities  is  ratiier  difficult 
eept  by  the  aid  of  the  spectroscope.  (Part  I.  p.  153). 
(i82)  A  9ulphide,  a  chloride,  and  a  hromide  of  boron  may  be 
prepanxl  by  methods  similar  to  those  employed  to  obtain  the 
■  •«[>onding  compounds  of  silicon.  The  chloruU  of  honm 
M.r;  =117-4  ;  Sp.  Gr.  3-942  ;  MoL  Vol.  J~7~])  is  gaseous  at  ordi- 
|*irv  lemperature+j;  it  fumes  &tron]Ljly  in  air,  and  is  instantly 
decorupoeod  by  water  iuto  hy«lr<jchlorlc  and  Iwracic  acids.  It 
hu  tho  lollowini^  compoiiition  : — 

By  veluht  By  rolnma.  9p.  gr. 

Boron B  =    10-9  or    £>'29     2?  or    05    =    0376 

Chlorine CI,        =100-6       90-71     S  1-5    =    3-C79 


100-00    2 


1     =    4053 


Chloride  of  )    „^       _  ,,_.. 
boron       i    ^^'      -11^* 

Two  volumes  of  this  chloride  unite  -with  .3  volumes  of  ammonia, 
and  become  condensed  into  a  volatile  crystaHine  saline  h(Hly. 

(483)  Fi.coKU)E   or    Boron   (I3K,  =  r)7-l>) ;    *S>.    Gr.    2-312; 

Mill.  Vol:  I    I    |. — Boron  forms  with  fluorine  a  comjKtund  analo- 

ito  the  tiuoride  of  silicon.     It  is  lx«t  prepared  as  follows; 

parts  of  iiuor-epar  and  1  of  vitrified  Ixjracic  aiiliytlride,  both 

'  |)owder,  are  intimately  mjxe<l,  and  intensely  ignited  in  a 

_ht-iron  tube  closed  at  one  end  :  decomposition  occui-s  thus  : 

.  -I-  4  B.e,  =  3  (Ga  2  Be,)  +  2  BF,.     Borate  of  calcium 

IS  in  the  tube,  and  the  tiuoride  of  Iwron  passes  over  as  a 

lues  gas,  which  may  be  collected  over  mercury.     The  com- 

i'lwiiun  of  the  fluoride  of  boron  is  the  following : — 

By  weight.  By  volume.         Sp.  gr. 

Boron B  =  10-0   or    Kj07     2'/orl?    =  0-376 

Fluoriae P,  =  &7-0  83  M     3         1-5    =  1-069 


Fluoride  of 
boron 


I 


BP,         =  67-9       10000     2 


1-0 
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Fluoride  of  boron  does  not  support  combustion  ;  it  lia»  an  irritat- 
ing ixlour,  and  fames  densely  in  the  air.  It  is  instantly  absorbed 
l«r  water,  which  dissolves  70i)  times  its  volume  of  the  pis,  with 
rapid  rise  of  temperature,  whilst  it  incretuses  in  density  to  1-77, 
and  fonua  an  oily-looking,  fuminri,  and  corrosive  acid  liouid, 
which  chars  organic  matter  as  powerfully  aj»  oil  of  vitriol,  fliis 
M>lution  \w&  been  called  horojfuoric  lu-'ul.  The  reaction  which 
c.tccui-s  when  the  giw  comes  into  contact  with  water  is  suffirioutly 
simple,  2  BF,  +  3  H,e,  yielding  (B,e„(i  IIF).  When  heated,  a 
part  of  the  gas  escapes,  and  the  bpecific  gravity  of  the  li([uid 
becomed  reduced  to  1-584 ;  when  of  this  density  it  distils  un- 
changed, and  contains  two  atoms  of  water,  the  formula  of  tlie 
aqiieoiis  solution  l>ecoming  (B,e„  6  HF,  2  H.jO).  Borotluoric 
•Cid  ia  also  easily  prepared  by  saturating  hydrotluoric  acid  with 
bonujic  acid,  keej»ing  the  niixture  cool,  and  then  concentrating  it 
in  platimua  vessels  till  dense  fumes  arise. 

When  largely  diluted  with  water,  one-fourth  of  the  boron  ia 
Mpttated  in  the  form  of  horacio  acid,  and  anotlicr  compouixOl  '\% 
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found  in  solution,  termed  hydrofl^ohoric  aeid.  In  conipositioD 
tliis  body  somewhat  reaenibles  the  tiilicofluoric  acid,  thoueb  it  ii 
not  etrictly  analogous  to  it.  Its  formation  is  readily  explainwl  bj  i 
tlie  Ibllowing  equation,  from  wliicli  it  will  be  seen  that  hydrofliut' 
boric  acid  contains  the  elenients  of  1  atom  of  hydi'oliuoric  add  and] 
1  atom  of  fluoride  of  boron  : — 

8  BF,  +  4  E,e  =  2  HBO,  +  6  (riF,BF,). 

So  strong  is  the  tendency  to  the  formation  of  this  comnoimd  b 
dilute  solutions,  that  if  boraeie  acid  be  added  to  a  solution  of 
fluoride  of  potapfiura  or  of  ammonium,  for  each  equivalent  of 
bonicic  acid  prci^eut,  3  equivalents  of  potash  or  of  ummouia  are 
iihfi-art'd,  and  thiol Kiride  uf  the  basyl  is  formed,  for  example,  S  KF J 
+  2  II BO,  +  2  li.e  =  2  (KF,Bl<\)  +  6  KIIO. 

(484)  NiTKnjE  OF  Boron  (BN). — As  already  mentione<J,  bownl 
cosnbines  with  nitrocreu  at  a  red  heat  with  great  avidity.     Kitridej 
of  bonm  niay  also  be  ol»tained  by  transmitting  a  current  of  dry i 
nitrngun  gas  over  a  mixture  of  1  ]>art  <>f  i)ure  linely-powilerfdl 
charcoal  with  4  parts?  of  fused  boracic  anhydride,  exposeu  to  a  ftilll 
white  heat   in  a   porelain  tube.     It    may  likewise   Ije  prwurpil 
readily  by  mixing  1   part  <jf  aiihyilrous  borax  with  2  parts  of  siiij 
ammrjniac,  and  heating  it  to  full  redness  in  a  covered  platinura 
crucible;  a  white,  infusible,  jtorous  mass  is  left,  which,  when] 
boiled  with  diluted  hydroelilorie  acid  and  well  wii^hed,  yields  the 
nitride  of  boron  as  a  white,  light,  amorphous,  insoluble  powderJ 
which   feels  like  talc  when  nibbpil  upon  the  skin.     It  may 
heated  in  hydrogen  or  in  chlnriiie  witliout  change;  it  is  but  ver 
slowly  acted  upim  by  concentrated  acid  or  alkaline  solutions;  bi 
when  fnsed  witli  hydrate  of  potash  it  is  converted  into  ammouL 
and  borate  of  potsissium,  3  KHO  +  BN  =  KBG,  +  K.O 
II^N.     In  a  current  of  steam  it  is  coniplctelv  converted  into  borat 
of  ammonium;  BN  +  2  H,0  yielding  li.NBO,.    It  is  also  de 
composed  when  heated  with  easily  reducible  metallic  oxides,  sac 
as  those  of  lead  or  copper,  nitric  oxide  being  evolved. 


CHAPTER  X. 


OTHKE  OOMPOtnroS  OF  THB  NON-METALLIO   ELmTKKTS. 

§  L  Compounds  of  Hvdkogex  aito  Oxygen. 
1  _ 

(485)  Peroxide  or  DEuroxroE  ok  Hydrogen;  Oxygenate 
Water;  (H^O,  =  34,  or  HO,  =  17) :  Sp.  Gr.  of  Lii^uid,  1-453.- 
"Water  is  not  the   only  compound  of  oxygen  with   liydrogei 
Thijnard,  in  the  year  1818,  discovered  a  remarkable  Bulietance,^ 
which,  as  it  containa  2  atoms  of  oxygen  in  combination  with  2 
atoms  oi  hydrogen,  is  termed  ^roaeide  ^(f  hydrogen.    It  is  a  colour- 
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leK  L'qaid,  of  sympy  consistence,  with  an  odour  somewhal 
iwcmbling  tliiit  of  cnloriue  very  nmeh  tlilutod ;  it  remains  liquid 
temperature  of  — 22°.  This  peroxide  is  a  very  unstable  eoni- 
ttd ;  a  temperature  of  about  70"  F.  is  sufficient  to  cause  the 
ygen  to  begin  to  escape  in  small  bubbles,  and  when  heated  to 
boiling-point  of  water,  the  gas  is  evolved  witli  a  rapidity 
lost  amuunting  to  an  exi>losion.  The  liquid  is  soluble  in  water 
111)  proportions ;  when  nihited  it  is  less  easily  destroyed  by  de- 
ration of  temperature,  thtiuiih  ebullition  for  a  few  minutes  is  suf- 
ficient to  expel  tlie  whole  of  the  ad<litional  atom  of  oxygon,  water 
uliiiie  remaining.  This  circumstance  furnishes  an  easy  metlmj 
of  analysing  the  peroxide  of  hydmgen.  A  given  weight  of  the 
iJ((iii(l  is  placed  in  a  small  retort,  and  diluted  with  in  tir  V2  times 
itibulk  of  water;  the  temperature  is  raised,  to  ebullition,  oxygea 
i«  given  off  freely,  and  the  giis  is  collected  over  mercury,  and 
Ooisared  wheii  cool  :  the  weight  of  the  oxygen  can  be  cnlcuhvted 
from  its  bulk,  and  deducting  the  weight  tlius  oljtained  from  that 
of  the  peroxide  operated  upon,  it  will  he  found  that  for  each  16 
gains  of  oxygen  e.v]ielled,  18  of  water  remain  ;  consequently,  aa 
water  contains  2  grains  of  hydrogen  combine*!  with  IC  of  oxygen, 
die  peroxide  of  hydrogen  will  contain  2  grains  of  hydrogen  united 
with  32  I  >f  oxygen. 

Peroxide  of  hydrogen  bleaches  a  solution  of  litmus,  and  many 
TCgt'table  colours ;  a  drop  of  it,  if  |)hiced  up<in  the  tongue,  bhinches 
it.  and  destroys  sensation  for  a  time;  tlie  taste  of  the  litiuid  is 
!i-tr!ii._rpnt,  and  somewhat  metallic.  My  means  of  peroxide  of 
en  the  black  sulphide  of  lead  (PbS)  is  converted  into  the 
"iiiii  ^^!phate  of  the  metal  (Pbb^O/),  and  many  metallic  ]»rotoxides 
Woiiie  oxidized  to  the  maximum. 

The  j>eroxide  of  hydrogen,  however,  is  not  only  decomjiosed 
by  substances  which  possess  an  attraction  for  oxygen,  but  tlie  mere 
coritai:'t  of  many  finely  divided  metals  and  metallic  oxides  which 
do  Dot  undergo  any  ]te^malleI^t  change,  occasions  its  decomposi- 
ticm;  gold,  silver,  and  phitiuuin  pro<luce  an  instantaneous  evolu- 
tion of  oxygen  gjis,  whicli  is  the  more  rapid  the  liner  the  subdi- 
vision of  the  body  l)y  which  the  decomposition  is  occasioned.  A 
6iinilar  effect  is  pn.«luced  by  contact  with  the  oxides  of  these 
inetaln,  nr  with  the  jieroxide  of  manganese  or  of  lead.  It  is  espe- 
cially lo  be  remarked  that  the  oxides  uf  silver,  of  gold,  and  of 
platinum,  not  only  decompose  the  peroxide  of  livdrogen,  but  they 
are  themselves  reduced  to  the  mctidh'c  state.  These  (h^coiiiposi- 
tions  are  all  rendered  less  rapid  by  the  adilition  of  a  few  ilrops  of 
sulphuric  or  hydrochloric  acrid,  but  are  Inisteued  by  the  addition 
of  a  little  free  alkali.  If  the  peroxide  of  hydrogen  in  its  concen- 
trated form  be  allowed  to  fall  drop  by  dro]}  upivti  oxide  of  silver, 
peroxide  of  manganese,  or  npon  metallic  silver,  platinum,  or 
osmium  in  a  finely  divided  state,  it  is  decomposed  with  explosion 
an^i  areat  elevation  of  temperature. 

Prt'jiandion, — Owing  to  the  unstable  character  of  the  peroxide 
of  hydrogen,  its  preparation  is  attended  with  great  difliculty, 
altJiongh  in  principle  the  process  is  simple.     An  indirect  me\.\ioi 
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is  resorted  to  for  procuring  it :  cnnstic  baryta  (BaO'i.  ttIx 
heated  t<>  dull  redness  in  a  current  of  oxygen  ;;a^t,  combiner  wii 
an  uddifioiial  equivalent  of  oxygon,  and  beoomee  peroxide  d 
barium  (HuO,);  when  tbii?  subAtiince  ifi  moistened  witli  watiT 
fonns  u  bydrate  (fiaO,,  6  IIiO).  Tlie  peroxide  of  hydnigem 
obtaiiieil  from  this  liydrated  compound  by  decomposing  it  by  im 
of  hydrnchloric  acid.  The  hydrnted  portvxide  of  barium  is  rwlnci 
to  a  paste  by  grinding  it  in  a  mortar  witli  water,  and  is  added  \ 
small  (juantitius  at  a  time  to  hydrochloric  aci<l  dihite<l  with  walrr, 
and  kej)!  cool  by  immensiiig  the  ves^sel  in  ice  and  water;  tha 
penixide  is  gradually  dissolved  without  efl'ei'vescence,  chloride  (/ 
l»ariuiti  and  peroxide  of  bvdrogen  being  formed  ;  BaO,,tJ  H,0+ 
2  IR"1  yicl.liug  H,e,  +  *J  n,e+  fiaCl,.  When  the  liydrochloril 
acid  is  nearly  saturated  with  the  peroxi<lc,  the  chloride  of  hnrini 
is  deemn]Kwed  by  the  cautious  addition  of  diluted  sulphnrie  ncid 
Rn  iiisohdjli'  sulphate  of  buninn  is  precipitated,  whilst  hydrix'hioril 
acid  is  set  free,  and  is  alile  to  ikH-oiiij)osc  a  fix-sh  quantity  of  pa* 
oxide  <»f  barium,  whicli  must  lie  added  witli  the  same  precaiilioni 
as  at  first.  The  ad<lition  of  sulphuiic  acid  produces  no  thanitl 
on  the  peroxide  of  hydrogen  which  is  present  in  the  6<jluti(>ii;  if 
ift  merely  an  expedient  for  getting  rid  of  the  barium  and  lih<?i 
ing  the  hydrochhtric  acid.* 

The  snli>hate  of  barium  is  next  removed  by  filtration,  and  tl 
liquid  thus  let\  is  simply  a  very  dilute  solution  of  peroxide  a 
hydrogen  with  an  excess  of  hydrcK'hlorie  acid.  This  acid  is  agai 
able  to  decompose  a  fresti  portion  of  the  peroxide  of  hiiruiffl 
The  .same  series  of  operations  is  re]^eatcd  upon  the  liquid  tlire 
or  four  times  in  succession,  alternately  adding  peroxide  of  tiariu 
anil  removing  the  barium  iu  the  form  of  sulphate  of  barium 
until  a  liquid  is  obtained  which  consists  of  dilute  peroxi«Ie  of  li 
drogen  containing  3H  or  40  times  its  bulk  of  oxvgen,  an<l  a  lar 
quantity  of  hydrocldoric  acid.  The  hvdrochloru;  acid  has  now 
be  removed,  and  this  is  effected  by  adding  sulphate  of  silver,  un 
a  trace  only  of  hydrochloric  acid  is  IctV  in  the  liquiil.f  Sulphiu 
acid  is  thus  substituted  for  the  liydrofhlorie  acid,  which  is  preci 
tated  in  tiio  tonn  of  the  insoluble  cldoride  of  silver,  while 
peroxide  of  hydrogen  remains  unchanged  in  the  liquid. 

The  sulphuric  acid  is  now  got. rid  of  V)y  the  careful  addit: 
of  baryta  water,  which  is  at  last  added  drop  by  drop,  so  as  to 
move  the  wh<de  of  the  sulphuric  acid  witliout  intrmiucing 
excess  of  baryta:  the  liquid  is  once  more  filtered,  and  is  now 
pure  solution  of  the  i>ero.\ide  of  hydrogen  in  water ;  finally,  it  irt 
be  tninsferred  to  a  basin  and  placed  over  sulphuric  acid  in 
exhausted  receiver  of  the  air-piunj).     The  water  evaporate*  inu 


*  PoIooKe  rabititutea  silicMfluoric  (or  hydrochloric  acid  in  deoomposiiig  the 
oxide  of  barium ;  it  ahortotis  the  operution  by  rotnoTing  tho  burium  at  oaco  in 
form  of  an  in§oluhIc  «ili(.>ofliiorifip  of  bnriiim.     Poroside  of  bnrium  may  also  be 
compoifod  by  fluspciuling'  it  in  wutcr.  and  transmitting  n  current  of  carbooio  unhydri 
but  th(»  solution  so  obtained  is  dilut«>. 

f  Oxido  of  silver  canuot  be  aub.stituted  for  tho  sulphate,  m  it  would  imm^diat 
ocoasioa  the  evolution  of  the  ad(UlwBil  aVum  «t  oxY\^ii  vq  t.^«s  ««nyj«nd 
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ore  rapidly  than  tlie  peroxiVle  of  hydrogen,  which  is  thus  at 
leiijith  i.ihtaiiifd  in  a  concent  rated  timn. 

J>chonl>ein  has  sliowu  {^A/m.  d^C'/timie,  III.  Iviii.  479)  tliat  in 

loui-  [iriKjesse*  where  ozone  is  formed,  email  nuantities  of  per- 

jile  iif  hydrogen  are  also  produced;   and  in  tiie  elecrtrolysis  of 

lulated  and  saline  bolutions  when  ozone  is  I'onued,  traces  of 

oxide  of  hydrogen  are  likewisti  produced  if  the  operation  is 
[tducted  at  a  low  temperature,  the  proportion  of  gaseous  oxygen 
Ueoted  in  the  voltameter  being  then  alwayo  a  little  below  the 

jrelical  quantity. 

§   n.    COMPOUMDB   OF   CaRBOX   AND   HviJKOGEN. 

(486)  The  compounds  of  carbon  with  hydrogen  are  numerous. 
_liey  ai-e  all  derived  from  tlie  decoinpositioti  ol  bodies  of  organic 
■rit^iu.  Many  of  these  bodies  exhibit  absidiite  identity  in  the 
pru|xjrtion  ot  tbe  two  elements  which  cunijiose  tlreni,  altiiongli 
tljev  are  endowed  with  propertiei^  perfectly  distinct ;  and,  from 
"he  di  tie  rent  densities  of  these  bo<lies  in  tlie  gajieous  or  vaporous 
audition,  it  is  obvious  that  the  condeiisatioii  of  their  particles  is 
ditfiTt'iit.  For  example,  the  following  are  a  few  of  tbe  many 
tunipi^iiudi  which  cuutaiu  in  IW  parts  b5'71  of  carbou  and  14*29 
ofbvdrogeu: — 

H»l.  TOl. 

OleSant  gas. €>H, specific  graTitjr,  0978         2 

OU  jras e.H. "  "        1B52         2 


Nophihene f,H,.  , 

Otylono €i»9|i 


8-900 
8007 


I 


8ucb  bodies  are  said  to  be  polymeric.  At  present  it  will  ni>t  be 
nwe-^ary  to  describe  more  than  three  compounds  of  cai'bon  and 
Lvrlroffca — viz..  olefiant  gas,  marsh  iras,  and  oil  ffas. 
_^(4ST;  Olefia.nt  (ias;  Eltiyl,  or  lithyhm  (ejl,  or  Cjri,=2S); 
sirrfic 'Sp.  6V.  0-y<i7;  Oht'rv><l,  0-\l7><-i  :  Mol.  Vol.  \  H- 
PnrjHiration. — 1. — If  2  measures  of  concentrated  sulphuric 
id  be  mixed  with  1  measure  of  alcnhol.  in  a  retort  cupiibk;  of 
itaining  at  least  four  times  the  bulk  of  the  liquid  introduced, 
!  distillation  a  transjmrent  colourless  gas  is  obtainrd,  consisting 
carbon  and  hvdrogen.  It  is  ai;compauied  In"  the  va{tour  of 
er,  and  towanls  the  close  of  the  process  l)y  suljihurous  acid  in 
quantity.  The  olefiant  g:i«,  as  this  compoiuid  of  carlnni  :iiid 
Irogen  is  tenncd,  at  first  cijuies  oft'  freely,  but  by  dciirccs  the 
5i\ture  blackens  and  becomes  tbirk,  and  fmths  up  considerably, 
*i  that  the  operation  requires  careful  wutching  in  its  latter  stages; 
88  tendency  to  frothing  may  be  much  diminished  by  adiling  to 
mixture,  before  ajiplying  heat,  a  (juantity  of  sand  equal  in 
Bight  to  half  tliat  of  tlie  acid  employed.  The  gas  may  be  jmri- 
id  by  causing  it  first  Jo  pass  througli  an  empty  bottle,  kept  cool 
by  inunersifUi  in  water,  in  order  to  cimilense  the  viqiouis  of  alco- 
and  ether;  tlien  washing  it  in  a  solution  of  ]>i)tjish.  to  absorb 
Bphurous  aciiL  removing  the  la-st  trsues  of  ether  by  allowing  it 
'bubble  ujj  i\iru\igh  cuncentruted  riulphiiric  acidj  aud  tiuv\U^ 
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drying  it,  when  nec^jeary,  by  causing  it  to  traverse  a  tube  filH 
with  tragments  ot'Tnimiee  inoifitened  with  oil  of  i-itriol. 

This  remarkable  detoniposition  may  l>e  tliuB  exjOidned:  dw 
hoi  enters  into  combination  with  Bidpliuric  acid,  and  i'ltnm  tj 
peculiar  compuuiid  acid,  the  sidpbovinic  or  etlijl^ulphuriL'  acidJ 
which  is  decoiiiiK>fied  by  a  high  tfrnperature  :  the  eiilpliiirie  acid] 
is  liberated  in  an  unchaug^ed  condition,  whilst  the  alcohnl  hrviHa 
up  into  water  and  olefiant  ssa;  at  the  same  time  a  portion  at' tin 
water  with  which  the  acid  was  at  tiret  diluted  distilfi  uff,  mi 
accompanies  the  olefiatit  gas  : — 

Alcohol  Snlpk  >«jd,  Ethjlsulplinrtciield.  Witfr, 


e,H.e     4-     H,Se.  becomes  He.H.SO,     +     H,e; 
and  by  heat 

EthytoDlphiirle  iMHtL  Salpborie  Uld.  OlefiiLDtgiL 


He.H.Se.    becomes    H.SO,     +     ©,H,. 

2. — Olefiaiit  gas  is  also  obtained,  mixed  with  various  othe* 
gaseous  compcmiida,  during  the  destraetive  distillation  of  a  lare® 
number  of  bo«lies  of  organic  origin — jiarticularly  the  resins,  tne 
fats  and  oils,  and  the  ditferent  varieties  of  pit-c'oal.  It  forms  Ml 
important  component  of  coal-gas. 

Properties, — Oletiant  gas  is  trani^pareiit  and  eolonrlese;  it  has 
a  faint,  sweetish,  alliapeoiis  odonr,  and  !«  soluble  in  abunt  V2 
times  its  bulk  of  culd  watiT.  It  \va*  lifiuetied  by  Faniday  uiitkr 
great  pressure,  but  remained  unfrozen  at  — 166°.  Olefiant  ga? 
does  not  support  life  or  combustion,  but  is  itself  very  inflammable, 
and  burns  with  a  white  luminous  flame,  depositing  carbon  abun- 
dantly upon  cold  bodies  which  are  introduced  into  its  flame.  If 
it  be  transmitted  through  porcelain  tubes  heated  to  bright  redness, 
it  is  decomposed :  half  its  carbon  is  deposited,  and  another  com-  • 
pound  of  carbon  with  hydrogen  (light  carburetted  hydrogen)  is 
formed,  which  occupies  the  same  volume  as  that  of  the  olefiant 
gas  from  which  it  was  produced.  If  the  heat  to  which  the  gas  is 
subjected  be  extremely  intense,  all  the  carbon  is  deposited,  and 
for  each  volume  of  gas  decomposed  2  volumes  of  hydrogen  are 
lil)orated. 

The  composition  of  olefiant  gas  may  be  ascertained  by  deto- 
nation with  oxygen ;  the  explosion,  however,  is  very  powerftd, 
and  iv*iuires  care,  otherwise  the  eudiometer  will  be  broken.  One 
voluim*  of  the  gas  requires  for  its.com]>lete  combustion  3  volumes 
of  oxygen  ;  2  volumes  of  carbonic  anhydride  remain  and  represent 
2  o\ii  of  the  three  volumes  of  oxygen,  whilst  the  other  volume  of 
oxygon  combines  with  2  volumes  of  hydrogen,  furnishing  2  vol- 
umes of  steam,  which  immediately  become  condensed ;  2  volumes 
of  hyili\)gtni  and  2  of  carbon  vapour  are  therefore  condensed  in 
oletiant  gas  into  the  space  of  1  volume.  0,H,  +  3  0,=2  00,-f-a 
ll,tr>.  fV>ni  these  data  the  composition  of  the  gas  may  be  repre- 
ifjjtt'd  in  the  following  manner  : — 
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Otrbon e. 


B»  WtflchU  By  toU  8p  gr. 

24  or  85  71     4?  =   2-0  =   0  829 

4        14-29     4      =  2  0  =  0  188 


€,H,  —      28      100  00    2      =   10  =  0967 


OlefiADt ) 

gM  r 

^  Oleliaut  giis  is  sUglitly  soluble  in  alcohol,  in  oil  of  tmpeiitine^ 
■id  in  the  lixed  oils.  It  combines  with  sulphuric  anhydride, 
nwniizio;  with  it  a  peculiar  couipound  ;  hence  it  is  couii)letely  al> 
soi'ik'd  bv  luunn;;  sulpliuric  actd,  and  it  is  soiiiewliat  soluble  in 
ordinary  oil  of  vitriol ;  tlie  latter  by  brisk  a-ritntioii  witli  the  gaa 
may  lie  laade  to  take  u]>  30  or  4U  times  its  volume,  funning  cthyl- 
sulpliiiric  acid.  It  also  eouibities  with,  aiul  is  absorlivd  by,  the 
prchloride  of  antimony.  Oletiant  gas,  when  mixed  over  water 
vitJi  an  a^ual  volume  of  chlorine,  uiiites  with  it  and  becomes  con- 
(iBn!i(?<l  til  a  heavy,  sweetisih,  aromatic  licjuid  :  it  collect*  into  oily- 
lookiiig  (h-opii,  wliich  sink  in  water  :  it  was  owing  to  this  reaction 
ttiat  the  name  of  oleliaut  (or  oil-producing)  gas  was  given  to  it, 
and  till'  oily  body  itself  is  commonly  known  a«  D^utch  liquid,  friHU 
the  circarnstanee  of  its  discovery  in  Ilolliind.  If  1  measure  of 
nietijint  gas  be  mixed  with  2  measures  of  chlorine,  the  mixture 
may  lie  kindled  by  a  lighteil  taper,  ami  will  Imrii  fpiietly,  dcjMJsit- 
ing  the  whole  of  the  carlion  of  the  gas  in  the  form  of  a  tletise 
SBioke,  whilst  the  hydrogen  unitas  witli  the  chlorine  to  form  hy- 
(Irirliloric  acid.  Olctiant  gas  will  lie  referred  to  hereafter  among 
tlie  jifoducts  of  organic  chemistry  ;  where,  as  a  ^Hatomic  radicle, 
it  performs  an  im^Kirtant  jiart. 

I■^"^S)  Dr-n.-H  Liquid,  or  liichloride  of  Ethylene  (C.H.CI,  HCl) 

((e4r/;i,)=!)'.l.     Sp.  a,-,  of  Liquid]  l-28  at  32°;  of    Vtipmtr, 

metir,  3-4-2 :  Olmtn-td,  345 ;  BoiUng-pt.  1 84°-? ; MiH.  T >/- LJl- 

—This  is  a  compound  of  considerable  interest,  as  it  is  the  sub- 

Jtonoe  from  whicii  the  chlorides  of  carbon  were  nnginally  obtained 

^■Funulay :  and  the  careful  study  (since  made  by  Regnault)  of 

Wfc  stages  of  the  process  by  which  these  siibstaiiccs  are  formed, 

illnstratea  in   a  striking  manner  the  mode  in  which  compounds 

nwj  he  procured  by  a  process  of  substitution  in  which  the  hydro- 

gea  of  the  original  body  is  displaced  by  chlorine. 

^^Pr»>parati(m. — 1. — Dutch  H([uid   is   reipiirwl  in  consiilcrnhlo 

Hjbntity  for  these  experiments;  it  may  be  easily  obtained  by 

Limprieht'a  method  of  transmitting  the  oletiant  gas  through  a 

iliire  of  oxide  of  manganese  andliydrochloric  acid,  from  which 
chlorine  is  generated.  The  nlefiant  gas  is  conveyetl  into  this 
tare  by  means  of  a  bent  tube  which  passes  through  the  tul)u- 
lof  the  retort,  and  the  Dutch  liipiid,  as  it  is  formed,  distils 
r  into  a  receiver  connected  with  the  retort.  Formcily  it  was 
practice  to  allow  a  current  of  chlorine  and  a  currcut  of  oletiant 
pas,  both  in  a  moist  state,  to  meet  in  a  large  glass  globe,  where 
J^  condensed  each  other  under  the  influence  of  dili'used  day- 

^^  2. — Another  method  bv  which  Dutch  liquid  may  be  prepared 
consists  in  ti'ansmitting  ofeliant  gas  tlirough  ]>erclilnride  of  anti- 
mony 80  long  as  it  is  absorbed,     TJie  pi-oduct  is  submitted  to  dia- 
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tillation,  and  the  heat  is  rnaint-ainod  so  long  as  the  distillHte  yiel 
an  oily  ii(iiud  <»n  the  additiuii  uf  wattT. 

The  oil  which-  is  obtained  hy  either  of  thepe  ]>rrifcsfte<.s  [^  dc- 
canted,  sxj^itjited  with  Mi(-ee>»ive  jxirtiinisi  of  oil  of  vitriol  ^.o  ImtLj  ii^ 
they  Itoeome  blaekeiied,  and  the  pnMlnet  jjuritied  by  re«lintillution. 

Dutch  liquid  ib  a  coloiirU-ss  sroniutic  litiuid  which  is  wi 
p<ihilile  in-wnter,  Init  freely  soluble  in  ether  and  in  nlcohol.  The 
siiujdest  tiipjKisition  respecting  the  eonijiositiou  of  tJiit.  body,  fiincc 
its  v«i)Our  consists  of  equal  volumes  of  chlorine  and  of  oleHjint  sj«<», 
condensed  into  half  their  bulk,  is  that  its  atomic  weif.dit  ph<»uhJ 
be  (^11,(1)  or  one-half  of  that  M-hich  has  been  given  alM)vc  (4^7). 
Tlie  investigations  of  Kepnanlt  have,  however,  shown  that  tlit 
conipotiitiou  of  Dutch  li«juid  is  not  correctly  represented  by  sc 
eitnpic  a  formula:  that  its  nmlecular  foriuala  is  not  ^11,(^1,  but 
just  double.  The  Ufiual  combining  volume  of  an  atom  of  su(*h 
vapours  is  twice  that  of  the  atom  of  hydrogen,  and  the  deuHty 
of  the  viijMiur,  as  obt.iiued  l)y  experiment,  coincides  »Uni»»t 
exactly  with  that  required  by  the  supposition  that  the  formula  i» 
(e,ll.Cl,):- 

By  ««t((bt.  Bj  n>1.  (l|>  ft. 

Clilorino Cli        =     71  or  71C8  2  or    1  =  2-i5a 

O:.rl)oii e,          =     24         a4'28  4?        S  =  0  829 

Hydrogen H,          =4           404  4          8  =  0'J38 

Dlitcll  liquid         OjlI.CIa    =     90       lOG'OO       2  1     =     S-420 

The  fonnula  for  Dutch  liquid  is  aometimes  written  G,H,C'l,HC?l. 

It  was  ascertained  by  Faraday  that  when  Dutch  li<|nid  is  ex- 
posed in  a  gliLss  vessel  with  chlorine  to  the  direct  rays  of  the  fuiu 
taking  care  to  renew  tlie  chlorine  !is  long  as  it  is  absiirbed,  tl«» 
liquid  is  ultimately  converted  into  the  white  crystalline  and  vola- 
tile chloriilc  of  carbon  (t^jt'l^),  whilst  a  very  copious  diebngage^* 
meut  of  hyilrochloric  acid  gaes  takes  placet  p.  122). 

Regnault  has  shown  tliat  the  formation  of  tJiis  chloride  of 
carlxm  is  the  result  of  the  interchange  of  chlorine  for  liydrt^pen 
in  the  composition  of  the  Dutch  liquid  ;  so  that  the  ehloriile  of 
carbon  may  lie  regarded  as  Dutch  liquid  in  which  liie  ithu-eof  i1k> 
hydrogen  is  supplied  by  chlorine:  antl  he  ha*  de8cribc<l  a  series  of 
compounds  intermediate  between  this  lirpiid  and  Fani<lay"ssfwpii- 
chloride  of  carbon.  For  example: — if  chlorine  be  transmittoii 
through  Dutch  liquid,  the  gas  is  rapidly  absorbed,  an<l  the  liquid 
acquires  a  yellow  colour,  which  disappears  withcojdous  evolutiou 
of  hy<lro<'hloric  acid  when  it  is  bi^ught  into  the  sun's  rays:  hy 
CHret'ully  a<ljnsting  the  addition  of  chlorine  a  new  liqtii<f  ]«  <*»h- 
tained  which  boils  at  239'^,  and  has  a  sj)ecific  gravitv  of  r422. 
Two  atoms  or  1  molcculeof  chh>rine  act  tipon  I  m(decule  of  Dutch 
l)()uid,  I  atom  of  the  chlorine  combining  witii  1  <if  hydn^-n  to 
t<.)nn  the  disengjLged  hydrochloric  acid,  while  the  second  aftmi  of 
chlorine  takes  the  ]iositioii  of  the  ilisplaced  livdroijcn  ;  thii», 
e,Ii,Cl,-fCI,  furnish  e,H,Cl„-|-lU:i.  This  new*  lifjuid  mjiy  be 
made  to  absorb  a  fresh  quantity  of  chlorine.  an<l  in  llie  khu's* 
rays  it  undergoes  a  change  analogous  t<i  the  preceding  one;  A] 
liquid  is  formed  which  boiU  at  '2~'".        I  ha«  a  dcn»ity  of  l'67(^f  < 
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&.n,a,  +  Cl„   yiflding  e,H,C].+IICl.      Tliis   third  liquid,   if 

sin  acted  upon  by  two  additioual  atoms  of  chlorine,  utidergiHJd 

rftirtlier  siniihir  decomposition  ;  a  still  heavier  li<|uid,  of  specitic 

TsrilT  i<)(.!3,  bfiiling  at  307°,  is  produced,  €,ll,CI,  +  t.'l,  Ijeuoin- 

BzO.'lICl,  +  HCl:"and  tinally,  this  fourth  li(iuid,  whi-ii  a«.'ted 

Hinby  an  excess  of  chlorine,  loses  the  reiiiainin<»atoin  of  hvdro- 

n,  ami  l>ecoiuM  Faraday's  solid  chloride  of  oaroon  ;  tor  t^jilCl, 

f-Clj=€?,Ci,  +  IICl ;  the  sncce^sive  pr<Khicts  liaviiig  the  ctmipoai- 

oa  and  density  indicated  in  the  following  table : — 

Chlorlnat'ed  Componiuh  d^rivodfrom  J^ufoh  Liq^iid. 


N*ID«  or  eooipoaiid. 

B-.ni  .«- 

point"  F. 

B|i«HOe  fnttXij. 

Fiirmuln.    B  to1». 

Liquid. 

V»IH«r. 

Dutch  liquid 

" '             ■   littO 

184 
239 
275 
307 
356 

1-230 
1  4T1 
1-&7G 
I-6G3 

3-15 
4G13 
6-7C3 
7  08 
8-167 

t  MI  UI, 

t-MlUl. 

1  JUto 

.  ......,;.^...cd  ditto 

Jjoild  chloride  of  carbon  . . . 

It  will  be  eeen  that,  as  the  quantity  of  chlorine  increasef?,  the 
oilin^-point  rises,  and  the  density  both  of  tlu^  li«nrul  nml  i>f  the 
luotir  increases:  in  every  case  1  atom  of  the  compound  yields  2 
[TolttincB  of  vap<jnr. 

'  [m]  Bibrornid^  of  Ethylm^;  (e,H,Br,  =  1S8)/-^.  Gr.  of 
Liquui,  2-ltJ3;  of  V(Jjiou/',\i-iA5;  Jioillng-pt,  265°. — Cahoiire 
iiibtained  a  serica  of  cotnjionnds  from  oletiaiit  gas  containing 
omiye :  the  bibromi<le  of  ethylene,  or  bromiiiated  compound 
brrwpijuding  to  Dutch  Ilfjuid,  may  1)e  procured  by  phicing  t)ri> 
^iue  in  a  flask,  and  traupiuittin";  into  it  a  current  of  oletiant  gns 
I  fast  as  it  is  al>sorbed  :  a  rapid  c(»niltiuHtion  occurs,  the  tempe- 
ture  rising  sensibly.  The  brotniiic  is  grailuidly  decolonze<l,  and 
etliereal  liquid  of  aromatic  oibnu",  and  a  pmigcnt,  Vnit  eweet 
ite,  is  obtained.  It  may  Iks  purified  by  agitating  it  with  caustic 
Otasli,  tiien  distilling  from  oil  of  vitriol  and  subsequently  from 
litic  barvta. 

(490)  Biniwlide  of  mhylene  (G,II.I,  =  2S2 ;  Sp.  Gr.  2-07; 
\inny-pt.  I(j3^),  or  tiie  c*»mpr»und  of  ulctiant  gtun  with  iodine, 
rrespiinding  to  Dutch  liquid,  is  a  solid  wliieh  crvstallizes  in 
ag,  colourless,  silky  needles,  or  in  flexible  plates  :  it  lias  a  sweet- 
taste  and  an  ethereal  penetrating  <Klour,  which  causes  head- 
be ;  it  melts  at  163°,  and  forms  a  crystatline  mass  on  cooling, 
[may  l>e  sublimed  in  a  current  of  oletiant  ga,^.  but  cunnnt  be 
l)liinc<l  in  air  or  in  va^n/o  without  bpiiig  ciefoiii]Mis(><l  ;  it  sluwly 
iergoes  spontaneous  decomposition,  t»eci>tning  brown  at  ordinary 
ijieratures,  especially  uuder  tlie  iiiHiicnce  of  light.  Tliis  eoin- 
ind  may  be  olttained  by  placing  iodine  in  a  flask  with  a  long 
ck,  heating  it  by  means  of  a  water-batli  to  ISfl*^  or  140",  and 
knsmitting  a  current  of  oletiant  gas.  The  iodine  melts  and  ab- 
rba  the  gm,  whikt  The  new  c'onj/)ouiid  as  it  is  fonued  undet^vici 


partial  Bubliiimtton.   It  is  also  said  to  be  obtained  by  dr  n^ 

ludideuf  etbyl  by  transuiission  throujrb  a  }KircTlaiii  tulii  to 

redness.  It  may  b<?  pviritied  by  wasliing  with  a  weak  solution  of 
potash  and  recryiitalhzation  from  boiling  alcohol. 

(491)  LiouT  Cahburetted  HvnmxfKN :  SulHytrlrnrettfd  ITv 
drofjenj  Uydride  of  Methyl :  Mar«h  Gas  or  VireHi>imj>  (trn, 
or  C,H,  =  IG)  ;  Tlieoretic  So.  Or.  0-5528  ;  OUatwd.  0'557fi ; 
Mol.  Vol.  . 

Prepin'ation. — 1. — This  gas  is  best  obtAined  in  a  state  of 

f)urity  by  a  jiroceds  reconnnendi'd  Ity  I'cthmz:  lOj  nsii't*;  of  the 
lydrate  of  bar^-ta  and  10^  of  anliyih*<ius  acetate  ot  eudiam  are 
very  intimately  mixed,  and  heated  over  a  eliawioal  tire  in  a  Flo- 
rence tla.sk,  coated  with  a  httiiia;  of  lire-clay  made  into  a  paste 
with  a  solution  of  borax.  Tlie  tiask  is  litte«l  with  a  cork  and  Wnt 
tulje,  and  tlie  gas  is  collonted  over  water  in  tlie  usnal  way.*  A 
mixture  of  2  j>art8  of  caustic  potash  and  3  of  qiiickliiiie  raaj  be 
substituted  for  the  hydi-ate  of  baryta, 

2. — The  gas  is  also  en.sily  jiriK^ured  (mingled  with  nitrogen  and 
carl)onic  anliydride).  as  a  result  of  the  decomposition  of  vegeta- 
ble matter  contained  in  tlie  mud  of  stagnant  pools ;  and  lience  it4 
name  <»f  vuu-m/i  (/(ij>.  In  order  to  collect  the  ga*  from  this  sounte 
a  bttttle  inav  be  tilled  with  water,  inverted  in  the  pool,  and  hav- 
ing fastcneJ  a  funnel  in  the  neck  of  the  bottle,  tlie  mud  beneuth 
18  stirred  with  a  stick;  the  gas  then  rises  into  the  bottle  in 
bubbles. 

3. — Liglit  carburetted  hydrogen  is  one  of  the  principal  con- 
stituents of  coal-gas:  it  also  occurs  abund«nlly  in  many  coal 
mines,  bui"stiug  fortli  unexpectedly  from  tlie  seams  of  coal,  and 
blowing  out  from  the  tissure  for  many  months  together,  as  though 
escaping  fronj  under  high  ])res9ure.  These  natural  diseliarire*  of 
the  gas  tlio  miners  term  '  blowers.'  According  to  the  ex])enmenl» 
of  Cxraliaiu,  the  gas  from  the  Newcastle  coal-tield  is  free  from  ml- 
iiiixtuie  with  oleliant  gaa,  hydrogen,  carbonic  oxide,  And  carbonic 
anliydride. 

PrajK-rtles. — Marsh  gas  is  a  colourles.~,  inodorous,  and  titsteleet 
gas,  scarcely  soluble  in  water,  but  soluble  in  alcohol  to  a  eniitll 
extent:  not  injurious  to  life  if  diluted  with  air.  It  does  not  sup- 
port combustion,  but  it  is  itself  inflammable,  and  burns  withayel- 
low  luminous  llame.  By  passing  througli  it  a  continued  huccca- 
ftion  of  electric  sparks,  or  by  seudini;  it  through  tubes  heated  to 
whiteness,  it  is  decomposed  ;  its  carbon  is  deposited,  and  a  v<il- 
ume  of  hydrogen,  double  that  of  the  gas  em])loyeil,  is  set  at  lib- 
erty. Cldorine  ha.s  no  effect  upon  it  lu  the  Clark,  but  If  the  two 
gases  be  mixed  and  exposed  in  a  moist  condilJon  to<liflu!«ed  light, 
ydrochloric  acid  and  carlwnic  anhydride  are  formed;  fll,-|- 
4Cl,-|-2ll,0  =  €0,-f-SlICL  An  excess  of  chlorine  eonv.rrt* 
marsh  gas  into  hvfU'ochloric  acid  and  tetrachloride  of  carUm, 
when  the  mixture  is  exposed  to  light, 

Ckrb.  barium.        Cvb  coiUnnk  Unnth  fa& 


*  A  crUtc  of 

ftoftlnm. 


Ilvdrnte  of 


S  KaeOUOi     +     Bat>,U,0  =   B«eO.     +      ita.COi     +     3  OK«. 
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Marsli  gas  requires  twice  its  volume  of  oxvgen  for  complete 

abtvstiun.     The  3  volume*  of  the  mixed  giises  after  rIetoTiatiori, 

eorirlensed  into  one  volume :  they  yield  1  volume  of  earbonie 

jliydride,  and  2  volumes  of  steam  which  are  immcdiutely  con- 

sed.     Xow  carbonic  anhydride  contains  its  own  bulk  of  oxy- 

i;  it  therefore  represents  one  of  the  2  volumea  of  oxygen 

jch  have  disappeared,  whilst  the  other  volnnie  of  oxygen  niw 

uteJ  with  2  vonimes  of  hydroiren  and  formed  water.      Light 

ir1)nrett,e<l  hydrogen  must  consequently  contain  twice  its  vol- 

ne  of  hydr^igen,  condensed  with  its  own  volume  of  carbon  va- 

into  the  space  of  1  volume,  and  its  composition  may  be  tluia 

entetl : — 


OwrboD e 

Hjdrogen H, 


By  wtlght. 
=     12    or    75 
=       4  26 


Br  Tolume. 

2?    or    1- 
4  3 


SjlgT. 

=  0-1146 
=  OViSi 


Mtinh  gna...eEI,  =      16  100  2  1         =  OSbiS 

Wljen  mareh  gaa  is  mixed  with  air,  an  explosive  mixture  is 

!«l,  which  takes  fire  on  tlie  approadi  of  a  light,  and  often 

siims  accidents  attended  with   loss  of  life  to  thr>se  wlio  are 

Bpagpd  in  coal  mines.     The  fatal  results  of  an  explosion  of  tire- 

<liuni)  in  the  mine  are  not,  luiwever,  limited  to  the  mechanical 

tileiice  which  it  occasions  to  t!ie  sufferers.     The  '  after  damp,'  as 

be  miners  term  it,  or  vitiated  atniosphero  that  the  exjilosioii  pro- 

8ucts?,  is  ot\en  fatal  to  those  employed  in  other  parts  of  the  mine, 

or  to  the  generous  but  ignorant  and  rash  survivor  who  nttempta 

descend  into  the  pit  before  it  has  been  pro]>erly  ventilated,  in 

ier  to  succour  his  comrades,  or  to  a'^certain  their  fate.     From 

I  coinposiition  of  lire-damp  it  is  obvious  that  this  gits  in  exjdod- 

renders  ten  times  its  hulk  of  atmospheric  air  unlit  for  resjiir- 

i;  the  2  volumes  of  oxygen  which  10  volumes  of  air  contain, 

Jueiiig  1   volume  of  earlioiiic  anhydride,  and  2  vohnnes  of 

which  become  condensed,  leaving  S  volumes  of  nitrogen  at 

I  was  with  a  view  of  discovering  some  moans  of  preventing 

the**  fatal  results  that  Davy  instituted  those  important  researches 

ifliune  which  led  him  to  the  invention  of  the  mfettj-hymp^  an 

Btmment  which  has  prevented  many  serious  acciifents,  and  haa 

llttble<l  many  coal-fields  to  \m  worked  which  otherwise  must  have 

lieeu  abandoned,  on  account  of  the  abundant  escape  of  lii-e-damp 

from  the  workinii;«. 

f4f»2)  Pnnciph  of  the  Safdxj-Lamp. — The  temperature  ro- 

:  for  the  combustion  of  ditferent  bodies  varies  greatly  :  sojne 

ire  at  a  very  low  temperature, — plmsphorus,  for  instance, 

«  tlie  heat  of  the  body;  bisulphide  of  carbon  at  about  420°; 

"^'plmr  at  about  480°  ;  othei's,  as  oleliant  gas  and  hydrosulphurie 

3,  need  a  red  heat.     A  high  temperature  is,  however,  essential 

I  tlie  existence  of  flames,  and  particularly  of  flames  produced  by 

I  combustion  of  the  hydrocarbons.     Subcarburetted  hydrogen, 

ithough  an  inflamn^iible  gas,  requires  a  luuch  higher  tetupera- 

to  ignite  it  than  most  other  inllamuiable  bodies  \  it  will  not 

Oplode  when  mixed  either  with  less  thaa  3  times  its  bulk,  of  a.t- 
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mosiilicjit!  air,  or  witli  more  than  18  times  its  volume ;  tlie  swift 
the  liitter  CHse  burns  only  in  iniinetliatc  contact  with  the  ian» 
of  the  lamp,  tor  the  lar<»e  volume  of  air  Avith  whidi  it  is  mixid 
])rc'vciita  the  tompi-rature  from  rising  to  the  point  necessary  Ut 
tl>p.  general  coniliigi-ation  of  the  gtw:  tlie  mo«t  ]»owori\il  espl* 
sion  ift  ficciisioiied  wljen  the  gas  is  mixed  with  7  or  S  tiint*  id 
bulk  of  air. 

(-•oiiihustion  may  often  be  carried  on  below  the  point  of  in- 
flaiuiaatioQ.  Tiie  suiouhlerinn;  wick  of  a  tafier  recently  blowTJ  out 
is  a  carte  in  point.  Again,  if  a  glowing  coil  of  platinum  wire, or 
u  hot  felip  of  platintuii  f<itl,  he  suspended  in  a  cuirent  of  coal-gl» 
mixed  with  atniosplieric  air,  the  metal  will  be  maintaine«l  at  arrd 
lieat  by  the  rapid  cnnibinntiim  of  the  oxygen  with  the  giii^,  which, 
however,  di>es  not  take  tire  until  the  platinum  becomes  beatdl 
nearly  to  whitenei^s. 

Davy  foniul  that  no  oxplu^ion  could  be  produced  in  a  mixture 
of  air  and  fire  ilani]>.  through  a  narrow  tube,  owing  to  the  cooling 
intltietice  which  the  tube  exerted  upon  the  gas;  and  the  narrower 
tlie  tube,  the  shorter  wa-s  the  length  re<juired  to  produce  llii* 
protei^tive  cftect.  IlenitniiigV  Bafety  tulie  for  the  oxyhydrtij^-n 
blow  |iipt'  (34:7)  depends  for  it.s  efhcacy  upon  the  cooling  iiifliieoce 
.vhi«h  the  iiiefidlic  tubi'tt  or  clirtniieU,  formed  Ity  tlie  inter)«ti«» 
oetween  the  wires,  exert  upon  the  burning  jet  of  gaH :  tlie  h«it 
of  the  tlarae  is  in  this  way  prevented  from  j>assing  buckwanfci 
and  c<uihiug  the  explosion  of  the  mixed  gases  m  the 
voir. 

If  a  stout  copper  wire  be  introduced  into  any  flame,  a  d« 
space  will  be  obi^erved  inmiediately  around  the  wire,  owing  to  the 
cooling  eH'crt  of  the  metal ;  a  second  wire  cools  the  flame  still 
furtiier;  mid  a  s^iiudl  tlauie  may  be  completely  extinguished  by 
the  rediicliiin  of  temperature  produced  by  bringing  <lown  a  coil 
of  wire  upon  it;  l.ait  if  the  same  coil  be  previously  heated 
reilneiis,  and,  whilst  still  hot,  be  placed  over  the  flame,  the  lat 
will  continue  to  bum. 

By  using  wire  gauze  we  may  easily  cut  oflF  the  upper  part  of 
a  flame,  the  unburnt  gasea  being  cooled  by  its  means  below  tli< 
jKiiiit  of  intlainniation  ;  if  a  ]>iece  of  gauze  with  large  meshes  Vm 
employed  it  will  cut  oli'  the  name  so  long  as  it  remains  cold,  bi 
the  tiame  will  traverse  the  network  as  soon  as  the  wire  beeom< 
red  hot  :  with  finer  me^heK  (about  400  to  the  square  inch)  the  cor 
ducting  power  of  the  metal  is  sutBeient  to  cool  the  flame  belov 
the  point  of  ignition,  even  though  the  wire  itself  be  red  hot.    In^ 
a  sinnlar  manner  the  gas  alxive  the  gauze  may  be  kindled,  and 
the  Hame  will  not  paj;s  through  to  the  gas  below.     Advantage  ifl 
taken  of  this  circumstance  in   the   laboratf>ry  to  obtain  a  smokt 
less  flame  by  the  iise  of  ordinary  coal-gas: — A  metallic  chimneyj 
fi.ve  or  six  inches  long,  open  below,  and  furnis!ied  at  toji  with 
cap  of  wire  gauze,  is  placed  over  any  ci>nvenient  fonn  of  burner; 
the  air  enters  at  the  bottom  and  mixes  with  the  gas:  this  m. 
ture  bums  above  tlie  wire  gauze  with  a  blue  flame,  which  emit 
flcarcelj  any  light,  and  deposits  no  smoke  u^n.  cold  objects,  pr 
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j(l  that  the  ftnpplv  of  sas  be  duly  proportioned  to  that  of  Hia 

which  inixe*  with  it.* 

TLP!i<.'  priiiciples  were  l>eantifully  applied  by  Davy  in  the  con 

action  of  hi*  ininer'ii  lamp,  which  is 
ily  an  oil  lamp  (ti;».  ;U<i)  inclosed  Fro.  316. 

ia  ft  cylinder  of  fine  wire  {jauze, 

[tvidcd  with  a  doulde  top,  and  with  a 
twikeij  wire,  w,  which  pa-s-ses  up  tightly 

ouph  a  tulie  traversing;  the  hody  of  the 

J),  for  the  purpose  of  trimniiiijj  the 
without  thenocessity  for  removing 
le  wire  covering.  When  such  u  lamp  is 
IMroduced  into  an  explosive  atmosphere 
?tln.Mlum]),  the  flame  is  seen  to  enlarge 

ulually  as  the  proportion  of  carburet- 

i  liydrt  igen  increaws,  until  at  length  it 

ithe  entire  gauze  cylinder  ;  when  the 

iifi  in  sufficient  excess  the  lamp  is  en- 

eiy  extinguished ;  if  it  be  withdrawn 

Din  tilt*  explosive  mixture  while  the  cylinder  appears  to  be  fall 

llanic,  the  wick  is  generallv  relcindletl,  and  tlve  lamp  contin- 

» ti)  hum  in  air  as  usual.     ^\  henever  this  pale,  enlarged  jlame  is 

CTi.tho  miner  must  withdraw;  for  though  no  explosion  can  oc- 
ffhile  the  gauze  is  sound,  yet  at  that  high  tempcniture  the 

ctal  hecomes  rapidly  oxidized,  and  might  easily  lireak  into  holes ; 

"•iiii^le  aperture  ot   sufficient  size  would  then  detennine  the 
kt«l  explosion. 

The  wire  gauze  used  in  the  construction  of  those  lamps  eon- 
lius  from  70u  to  800  me.she9  in  the  square  inch.  Tn  a  strong 
Brftiit  of  air  the  heated  ga;s  may  \te  blown  througli  the  apei'turea 
*  the  gatize  before  it*  temperature  is  sufficiently  reduced  to  pre- 
ent  the  explosion,  but  such  an  occuiTence  may  be  easily  guarded 

«iiist  by  the  use  of  a  screen. 
(Wi)  Nat,nre  of  Flame. — It  is  neces-sary  to  the  production  of 

nie.  that  the  conibustil)le  be  of  such  a  nature  as  to  be  conver- 
tible into  vapour  before  it  undergoes  combustion,  otlierwise  no 
"»me  is  produced.  Well-burned  charcoal  or  diamond  burns  with 
leteiwly  glow,  unattended  with  tiame,  as  also  does  iron  wire, 
foneof  thtse  sultstancesaresusceptible  of  volatilization  at  thetem- 
Hijfrfttiire  attending  their  combustion.  Solphur,  phosphorus,  and 
xini- pass  into  the  aeriform  condition  before  they  attain  a  tempera- 
turt"  !i»  high  as  that  generated  by  their  combination  with  oxygen,  and 
iiey.  as  well  a.?  the  various  coinl>nstibIe  gases,  bum  with  tlame. 
Hume  is,  in  faet,  produced  whenever  a  continuous  suiiply  of 
oiiibustilile  vapour  or  gas  is  made  to  combine  at  a  siifiiciently 

evuted  temperatm-e  with  atmospheric  oxygen,   or  with  some 

usen'8  burner  acts  upon  a  eimilar  principle.  It  congists  of  a  small  jet  for  tho 
-  of  tbe  ^8 ;  thia  jet  is  fitted  tigrhtly  into  the  bottxjm  of  a  brass  tulw  4  or  6 
™*w  long^  und  |ths  ol'  nn  inch  in  diamelor.  Tho  air  enters  by  boles  in  the  aides  of 
w  t&be  Dear  ttie  bottom ;  and  the  mixture  of  gas  and  air  ia  kiitdied  at  the  (op  of 
Bttnlw. 
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gaseous  8up|)orter  ofcomltustion.     In  all  ordinary  cases,  tliert'fore, 
flame  is  ii  niniiiious  fMivel^pe  wliicli  Ibrnie  a  limiting  surface  bfr 
tween   fhe  iinliumed  fninlmstible  within  and  tlie  supfiorter  of 
t'ombuBtiun   witlmnt.     TItis  liolkiw   Btioieturu   of  dame   may  lo 
cattily  elir)wn  hy  exporiniciit.     If  a  wcM)den  match  be  held  for  t 
few  seconds  across  the  niiddlo  of  the  flame  of  a  spirit-lamp  wnlbi 
large  wick,  the  iiiatrh  will  bceoine  charred  at  the  edges  of  the 
flaine,  hut  the  iiitcniiciliate  prirtion  will  remain  nninjnred.    If  a 
frafT/ncnt  of  plu^splmru!*  he  idaced  in  a  small  defljiprating  spoon, 
ignited,  and  then  introdueeu  into  the  middle  of  the  flame,  it  will 
he  extinguished;   bnt  it  will  hum  with  its  foiTuer  enei^  tlie 
moment  tlint  the  spoon  is  withdrawn  from  the  flame.     The  tapCT- 
ing  form   which  tlames  assume,  is  dne  to  the  ascending  current 
produced  in   the  atniospliere  hy  the  heat  attendant  on  the  eom- 
bustion.     Within  t!ie  hurning  portion  of  the  flanae  is  an  atmo- 
sphere of  uiiliunu'd  citmhustilde  matter;  by  inserting  into  a  flame, 
such  as  that  of  a  wax  candle,  just  above  the  wick,  the  lower  es- 
tremity  of  a  glass  tube,  open  at  both  ends,  about  one-tliird  of  an 
inch  in  clinmeter,  and  five  or  six  inches  hmg,  the  gases  in  the 
interior  may  l)e  drawn  otf,  and  may  be  ignited  at  tlie  upper 
aperture  of  the  tulm. 

Pt  is  important  to  remark  that  the  light  and  the  heat  emitted 
by  flames  are  by  no  means  proportioned  to  each  titlier.  The  he«t 
18  due  solely  to  the  energy  of  the  chemical  action  ;  and  when  d 
pure  gaseous  matter,  without  solid  particles,  com|K»sefi  both  tho 
burning  body  and  the  product  of  tiic  combustion,  little  or  no  light 
is  enn'tled  : — thus  the  name  of  a  jet  of  hydrogen  is  barely  visible 
in  clear  daylight ;  and  that  of  the  oxyhydrogen  jet  itself,  althoagk 
one  of  the  most  intense  sourres  of  heat  at  onr  command,  ie  scarcely 
more  bniiinniis  thnii  the  flatiie  of  hydrogen.  For  the  eame  ivason 
the  light  of  Milphnr  hnniing  in  oxygen  is  feeble,  notwithstanding, 
the  intense  energy  with  which  they  combine;  botli  the  vapour  of 
sulphur  :iiid  snlplmrous  anhydride  are  gaseous  laidies.  Phosphonia,j 
and  chlorine,  tliuugh  they  unite  so  energetically  as  to  take  Are  at 
ordinary  teni[ieratHres  by  mere  contact,  yet  emit  but  little  light 
during  their  c-undtustion  ;  the  chlorides  of  phosphorus,  as  well  as 
phosphorus  itself,  beiTig  very  volatile  bodies.  ■ 

In  all  luminous  flames  the  light  is  euiittcd  from  solid  carticleaB 
highly  ignited.    The  light  from  bodies  feebly  ignited  is  red;  as  the 
temperature  rises  the  light  becomes  vellow,  then  white,  and  when 
the  heat  is  very  intense,  the  more  reirangible  rays  of  the  spcctrtuu 
predominate,  so  that  it  has  a  shade  of  blue  or  ^nolet  (89). 

By  introducing  a  solid  object  into  a  feebly  luminous  flame,  &■ 
platinum  wire,  for  example,  into  tho  oxj^diydrogcn  jet,  or,  better" 
still,  a  body  which,  like  lime,  di>es  not  melt  at  that  temperature, 
the  light  becomes  so  intense  tliat  the  eye  can  scarcely  support  it. 
Such  bodies,  however,  since  they  do  not  contribute  to  the  chenn'cal 
changes  occurring  in  the  flame,  necessarily  reduce  its  heat,  owiiigJ 
to  their  conducting  power.     It  is  immaterial  whether  the  lH>dic 
80  introduced  be  combustible,  or  have  already  undergone  perfect] 
combustion: — the  flame  of  hydrogen  may  be  rendered  luminoi 
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ber  by  blowing  a  little  powdered  cliiirc<.ial  tliroiigli  it,  or  by 
allowiusj  finely  p(nvdered  riiafjiiesia,  oxide  of  zinc,  or  the  white 
fiime*  i.>t'  phoftphnric  aTihvdride  produced  by  the  combustion  of 
phoipborus,  to  traverse  it.  Indeed  no  l>etter  illustration  of  thia 
i»oint  can  be  given  tiian  is  afforded  by  contrasting  tlio  painfully 
iQlenwi  light  produced,  by  the  combustion  of  phosplmrus  in  oxy- 
gen, where  the  solid  scarcely  volatile  phosphoric  anhydride  is 
itnxlT]ce<l,  with  the  feeble  liglit  euiitted  by  the  same  body  us  it 
buriLH  in  chlorine. 

The  flames  used  for  illuminating  purposes  are  all  produced  by 
the  I'oruliustion  of  compounds  of  carbon  and  hydrogen.     All  of 

1,  notwithstanding  tne  perfect  transparency  of  the  ga-s  before 
ibtistiuu,  contain  solid  particles  of  carbon  during  the  act  of 
wmbastii.iQ,    The  separation  of  carbon  during  the  process  of  com- 
'^"ion  may  be  proved  by  the  simple  expedient  ot  introducing  a 

1  body,  such  as  a  plate  of  metal,  or  a  piece  of  glass,  into  a 
linous  flame ;  it  becomes  speedily  blackened  from  the  deposi- 

:  of  carbon. 

Tlie  flame  of  a  candle  is  sustained  by  the  decomposition  of  the 
elted  wax  or  tallow  absorbed  by  the  wick,  and  its  conversion 
'^ioto  gaseous  hydnjcarbons  by  the  heat  of  the  combustion.  At  the 
lower  part  of  the  flame,  a,  hg.  317,  these  hydrocarbon.^  are  imme- 
dietely  mingled  with  atmospheric  air,  no  separation  of  carbon 
occnrs  here,  and  they  burn  with  a  pale  blue  light.  The  greater 
portion  of  the  combustible  gases  and  vapoura,  however,  are  still 
unbnmed;  tliey  rise  above  tiie  wick,  forming  the  central  dark 
part,  e,  of  the  flame :  here  they  are  snbjocted  to  a  high  tem]>i> 
ratore  from  the  combustion  of  the  blue  purtion  already  aioa- 
lioiied ;  the  heat  now  causes  the  separation  of  the  carbon  in  the 
solid  form,  which  becomes  intensely  ignited  in  the 
burning  gas,  emitting  liglit  in  the  part  marked  b; 
Hud  this  carbon  itself,  in  a  properly  adjusted  flame, 
gniduiilly  burns  away  without  residue  or  snioke,  as  it 
comii5  to  the  surface,  d,  and  meets  with  oxygen. 

In  order  to  produce  the  maximum  amount  of  light, 
the  {(oint  which  recjuires  the  greatest  attention  is  the 
(Ine  iwijustment  of  the  supply  of  air;  if  too  much  be 
given,  the  gas  bums  with  a  blue,  feebly  luminous 
name ;  an  effect  which  may  be  seen  by  blowing  upon 
tconmum  gas  flame,  or  by  watching  \\\e  effects  of  the 
wind  npon  the  exposed  gaslights  at  night :  the  length- 
eniaj^  yf  the  cliimney  of  a  lamp  pmduces  a  similar 
effect.  In  these  cases  the  gas  becomes  iraiiiediately 
mised  with  the  oxygen  of  the  air,  and  it  is  coTiipletely 
l)ume<i  before  it  ha^  been  exposed  to  an  elevated  tem- 
perature for  a  time  sufficiently  long  to  allow  of  the  separation  of 
I'arbou.  The  supply  of  air,  however,  must  not  be  too  much 
limited;  otherwise,  as  may  be  seen  by  closing  the  central  tube 
wliich  admits  air  to  an  argaiul  burner,  the  light  becomes  red  from 
tBe  reduction  of  temperature,  the  carbon  passes  off  unburricd, 
tod  the  oxygen  being  insufficient  to  complete  ihe  combustion, 
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tlie  fliMne  1)ec4ini(>8  smoky.     Tlie  li^rlit  of  ft  flame  is  incr 
any  oontnvanee  wliicli,  witlintit  deranfiing  tlie  onler  <>f  *" 
liiistion,  cnncentrates  it   into  a  smaller  sy>ace,  so  ns  to  ; 
teinpLM-iitiire  of  the  dojutsitt'il  eflrln>ii  to  the  iiiaximuni.     itiBtai 
tliie  wa.v  that  an  argaiid  Immer  produces  a  far  greater  amonnt  of] 
light  with  a  given  eonsiiuiption  of  gas,  than  if  the  same  quandvj 
of  gas  wore  biirnt'd  in  ftepurute  jets. 

Tnvtikhiii.l  {Phil.   TntM.  1861,  p.  631    found  that  tin 
which  fumlles  and  other  similar  corabnstioies  bum,  is  nor  iiiureu 
bv  variations  in  tiie  atinusplieric  pressure.     Candh*  burne<l  at  the 
tn{»  of  ]\font  Wane  at  tlie  same  rate  as  in  the  valley  of  Chainocix;  | 
hut  tiie  Inniino'^ity  of  tlie  flame  is  greatly  aftected  by  thepre%:iir^ 
for  the  amount  of  light  emitted  bv  the  same  candle  on  the  snm- 
niit  of  Mont  Blanc  was  far  less  tfian  that  which  it  produced  in  i 
the  valley  ;  and  by  eareful  experiments  conducted  under  regnlat- 
etl  pressures,  it  was  found  that  as  the  pressures  decreased  from 
3(1  to  14  inches  of  mercury,  the  illuminating  power  gradually 
diminihhc'd.     In  a  series  of  experiments  upon  the  light  of  huruing  ] 
gas,  Fraiikland  found  that  taking  the  light  emitted  by  the  cornbn&- 
ti<m  of  a  given  volume  of  gas,  in  a  certain  burner,  under  the  ordia- 1 
ary  pressure  of  8i>  inches  of  mercury,  at  100,  the  same  volume  of 
gas  for  each  diminution  of  1   inch  in  the  pressure  gave  5*1  leas 
light ;  the  diminution  of  light  being  directly  as  the  diminution  of  1 
pressure :  so  that  at  14   inches,   the  light   emitted    instead  of 
amounting  to  100  was  reduced  to  18*4  ;  and  this  rate  of  dirainn- 
tiiMi  was  found  to  hold  good  with  the  light  of  hydi»carbon  flanw*^ 
generally. 

On  the  otlier  hand,  the  luminosity  of  a  flame  may  bo  pro- 
port  itmately  incre^ised  by  augmenting  the  atmospheric  pressure. 
So  rapidly  does  this  effect  increase,  that  an  ordinary  smrit-laui 
wliieh  burns  in  the  open  air  with  scarcely  any  measurable  amon 
«f  light,  and  without  smoke,  becomes  powertullv  luminous  in  ai 
at  a  {)reftsure  of  4  atmospheres,  and  wlien  supplieil  with  uircoi 
pressed  still  nrore,  even  bums  with  a  smoky  name.     The  restiT 
of  these  and  t>ther  carefully  devised  cxiierimcnts  led  to  the  u 
expected  coucbision  that  the  combustion  of  gaseous  matter  isrei 
dered  less  perfect  In  inupnrtion  as  tlie  density  of  the  atmosjihere 
incrciised  ;  and  on  tiic  other  hand,  within  certain  limits,  the  more 
raretied  the  atniosjihero  in   which  flame  bums,  the  more  com- 
plete is  its  combustion.     No  reduction  in  the  teinpei-ature  of  the 
nuiiie,  within  certain  limits  (as  low  as  14  inches  of  mercury),  ift. 
pruilitced  by  a  reduction  of  the  pressure  of  the  surrounding  air. 
The  decrea-se  in  illuminating  power  in  a  rarefied  atmosj^here  1' 
attributefl  by  Frankland,  and  with  strong  probabilitv,  to  thi 
greater  readmess  with  which  the  oxygen  of  the  atmospnere  fini' 
Access  to  the  interior  of  the  flame,  owing  to  the  greater  mobilii 
of  the  particles  of  the  air  under  diminished  pressure. 

(41)4)  Theory  of  the.  Blowpipe. — The  temperatm^  of  a  flanie_ 
may  Ije  very  materially  increased  by  augmentmg  the  activity  ofH 
the  combustion,  and  concentrating  its  etfect  by  diminishing  the^ 
extent  of  surface  over  which  it  would  otherwise"  take  place.    It  is 
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n  this  principle  tliat  all  blowpipes  act ;  a  jet  of  air  or  of  oxy- 
is  thrown  into  the  interior  ot  a  flame;  the  combustion  is  thus 
rendered  more  rapid,  it  in  limited  to  a  much,  smaller  space,  and  is 
entirely  changed  in  character. 

The  moutS  blowpipe  ia  one  of  the  most  valuable  and  portable 
instruments  of  research  which  the  cliemitJt  posaesseB  :  he  is  enabled 
by  its  mejms,  in  a  few  minutes,  to  arrive  with  certainty  and  econ- 
omy at  re»iulbi  which  without  its  aid  would  require  much  expen- 
diture both  of  fuel  aijd  of  time ;  and  it  often  affords  information 
which  could  l)e  obtained  in  no  other  way. 

The  mouth  blowpipe  consists  essentially  of  a  bent  tube,  ter- 
miuating  in  a  tine  imiforra  jet,  with  a  chamber  for  the  condensa- 
tion of  moisture  from  the  breath.      A  very  con- 
venient fonn  of  the  Instrument  is  shown  at  fig.  318.        Pio-  318 
It  consists  of  a  conical  tiiljc  of  tin  plate,  about 
eight  inches  long,  open  at  the  narrow  end,  a,  which 
is  rounded  off  «<;  as  to  adapt  itself  to  the  lips,  and 
closed  at  its  lower  end,  from  the  side  of  whieli  pro- 
jects a  brass  tube,  i,  alxiut  an  inch  in  len{j;th,  upon 
which  is  fitted  a  siuiiU  bi-uss  jet.     This  jet  is  in- 
serted to  a  short  depth  into  the  fiame  of  a  candle, 
about  an  eighth  of  an  inch  above  the  wick ;  when 
a  corrent  ot  air  from  the  blowpipe  is  dii-ected  hori- 
zontally along  the  surface  of  the  wick,  the  flame 
loses  its  Iniiuuosity,  and  is  projected  latendly  in  the 
form  of  a  beautuul  i>ointcd  cone,  in  whicli  three 
purt&  are  distinctly  duscernible  (see  fig.  319).     In 
the  centre  is  a  well-defined  blue  cone ;  outside  that 
in  the  brilliant  part  of  the  flame,  tei-minating  at  a,  and  exterior  to 
that  is  a  pale  yellow  flame,  c.     The  difi'erent  parts  of  tiiis  flame 
poaseas    very  diflerent 
properties.      Tlie  blue 
cone  is  fonned  by  the 
admixture  of  air  with 
tlie   combustible  gases 
risins:  from  the  wick, 
and  It  corresp«juds   to 
tiic    blue    portion,    a, 
of  an  ordinary  fiiuue, 
fig.  317.     In  tins  p.nrt  of  the  flame  combustion  is  complete,  and 
the  oxygen  introduced  by  the  jet  is  in  excess :  the  points  where 
the  exces  of  oxygen  is  absorlfcd   by  coiubiiiatiun  with  fn-sh  por- 
tiuns  of  the  couibustiltle  vapours  wliieh  are  constantly  rising  from 
other  parts  of  the  wick,  are  clearly  defined  by  the  surface  which 
seems  to  limit  the  blue  cone.     In  fi-ont  of  tliis  blue  cone  is  the 
hmtiuous  }K>rtiou,  containing  unburut  combnstible  gases  at  a  high 
In  '  ire,  which  of  course  have  a  powerl'ul  tendency  to  com- 

bi  'xygcn. 

ut  of  some  metallic  oxide,  such  as  oxide  of  copper, 
611  M:dl  to  be  completely  enveloped  by  the  luminous 

portion^  be  inti'oduced  into  this  part  of  the  flame,  the  oxide  ^<nll 
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be  deprived  of  oxj-gen,  in  eonaequence  of  the  superior  attractioB 
of  tlie  hot  ijases  for  this  element,  and  the  oxide  will  be  rvductd 
to  the  jnctaJlic  state :  hence  this  portion  is  termed  tJie  /  ' 
fianve  of  the  blowjiipe.  At  the  apex,  c,  of  the  flame,  t!i 
are  reversed.  Here,  atmospheric  oxygen  at  a  high  tenijAratun; 
b  mechamcally  carried  forward  along  with  tJae  completely  fornitd 
products  of  combustion,  and  a  fragment  of  any  readilv  oxidizaltte 
metal,  euch  as  lead,  copper,  or  tin,  if  placed  at  this  point  will 

anickly  become  coated  with  oxide ;  and  hence  this  spot  is  termed 
le  oitidatttiQ  fame  of  the  blowpipe.  A  good  illustration  of  tiic 
opposite  actions  of  these  contiguous  portions  of  the  flame  is  af 
foixled  bv  the  effects  which  they  respectively  produce  on  a  piece 
of  flint-glass  tubing.  The  silicate  of  lead  contained  in  the  glHs  ii 
I  paniully  decomposed  in  the  reducing  flame,  and  the  gla.*s  at  tliig 
pi>int  l>ecomes  black  and  opaque  fi-om  the  reduction  of  the  fixitJe 
of  lend  to  the  metallic  state  ;  but  by  placing  the  blackened  i«it 
fur  a  few  seconds  in  the  oxidating  flame,  oxytjen  is  agitin  absorbed 
by  tlie  metal,  and  the  transparency  of  the  gfass  ia  restored.  , 

(405)   Use  of  thf  Mouth  Bloiojnpe. — The  art  of  maintainins  % 
continual  blast  by  the  mouth  blowpipe  is  not  easilv  described,  but 
it  can  l>e  acquired  by  practice  without  much  difiBcnlty.     When 
a  euli^tance  is  to  be  examined  by  the  blowijipe,  it  may  be  first ! 
heattni  alone  in  a  small  glass  tube,  in  order  to  observe  whotlicr  I 
it  nielts  or  decrepitates,  iir  is  volatilized  wholly  or  partially.    It  I 
may  next  be  heated  in  a  narrow  tube  open  at  both  ends,  to  ascer-| 
tain  whether  it  burn*,  or  changes  colour,  or  emits  any  odour.    It 
should  thetj  l>e  aisc»ertiivned  whether  it  is  reduce<l  to  the  metallic 
state,  and  if  it  Ix?  reduced,  what  is  the  colour  of  the  metal ;  whetlier 
it  fuses  easily,  or  whether  it  is  brittle,  crystalline,  or  niallcablcl 
These  «.>l»ser\ations  upon  reduction  may  be  best  made  when  tliei 
globule  Ls  exposed  to  the  flame  upon  a  disk  of  cliar-j 
^'^'        ooal,  which  may  be  conveniently  supported,  as  pri>»! 
w)sed  by  Mr.  Griffin,  in  tlie  manner  showii  at  1.  fig. ' 
SiO,  which  represents  an  edge  view  of  a  slip  ol  tin 
plnte,  about  S  inches  long  and  half  an  incli  wide,j 
iH'nt  at  one  end  so  as  to  hold  the  charcoal  disk.^ 
No.  S  shows  it  in  front.     The  charcoal  shouhl  be 
eawn  into  slices  alwut  the  third  of  an  inch  in  thick- 
ness, so  as  to  present  a  surface  across  the  grain, 
wnidl  ca\-ity  should  be  formed  upon  the  upper  sni 
face  of  ejidi  disk  for  the  reception  of  the  fragment 
of  material  under  examination,  which  shoiild  baf 
about  th«  »iM  of  a  pin's  head,  or  a  grain  of  mustard-eeed. 

Sometimes  when  the  sul 
stance  is  not  easilv  reducible,^ 
a  platinum  \vire  Wnt  into  a 
hook  at  one  extremity  forma 
a  more  convenient  support, 
as  shown  at  fig.  321.  It  mai 
bj  tliis  means  be  ascertained 
iRVve^ec  \kQ  %w\K,ituice  im 
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n^rti  anv  colour  to  the  flame ;  whether  the  body,  if  it  be  fusible, 
s  »  transparent,  Hn  opaque,  or  a  coloured  bead  ;  whether  any 
I  ii;iii^'e  be  produced  in  the  substance,  according  as  it  is  heated  in 
die  reducing  or  in  the  oxidating  tlaiiie. 

The  employment  of  certain  duxes  often  aids  the  judgment  of 
the  o|)erator  by  the  colour  or  appearance  thus  produced.     The 

■'■  important   of  these   fluxes   are  borax    {b\)'2),  microcosmic 

it)21),  and   carbonate  of  sodium.     When   eitlier   lx»rax   or 

niierociwmic   salt  is  used,  a  platinum  wire  forms  the  best  snn- 

uirt;  but   when   carbonate  of  sodium   is   eui ployed,  especial! v 

ibf  tlie  purpose  of  reducing  the  metals,  a  support  of  chai'coal  fs 

Ditferent  forms  of  the  blowpipe  have  been  proposed,  according 
to  the  purposes  for  which  the  instrument  is  destined.  The  gla.ss- 
wrker  usually  requires  a  large  supply  of  air  to  be  maintained 
oniiitfrruptetlly  for  long  peri*jds,  and  he  commonly  employs  a  pair 
of  double  bellows,  worked  by  the  foot. 

A  portable   blowpijie 
for  glaai-working  may  be 
nuide  an  follows : — A  rect- 
STigiiliir  b»)x  of  zinc,  tig. 
3i'2,  aUiut  14  inches  high 
«ld    6   wide,    is   divided 
into  two  chambers,  r  and 
d,  by  a  diaphragm  wliich 
p,L*6s  obliquely  nearly  to 
the  bottom   of  the  box; 
• '  I .  - .  cIj  ambers  coram  uni- 
with     each     other 
A  ;  one  of  them,  J,  is 
;il)ove,  and  is  cover- 
ed] with  a  loose  lid ;  the 
}ther  chamlK^r,  c,  is  closed 
the  top :  a  blowpipe  jet, 
passes  just  through  the 
ivering  of  this  chamber, 
*hich  is  further  supplied 
with  a  longer  pipe,  a  b, 

~      ing  diiwn  to  within  a  short  distance  nf  the  botton,  covered  with 

ap  of  silk  to  prevent  the  return  of  the  water  in  case  the  opera- 

enould  suddenly  ceiv^e  to  blow  through  (7.     If  the  l>ox  be  now 

ially  tilled  with  water,  the  pressure  of  the  colunm  of  liipiid 

expel  the  air  through  tlie  jet,  e,  in  anydesired  direction.     By 

owing  down  the  long  pipe,  the  operator  can  renew  the  supply 

"air  as  often  as  may  be  necessary;  it  bubbles  iqt  into  the  closed 

lier,  c,  driving  the  water  back  iutij  the  open  one,  when  the 

ilumn  of  liquid,  l»y  its  pressure,  renews  the  bhist  as  before.     The 

Ca»-burner, /,  can  be  raised  or  lowered  as  may  be  necessary,  and 

means  of  a  sliding  joint,  g,  can  be  ma<le  to  approach  towards 

recede  from  the  jet,  *,  as  may  be  required.     An  oil-lamp  may 

iwed  when  gas  is  not  at  hand ;  it  has,  indeed,  the  advantage  of 
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giving  a  more  intense  heat  than  gaa,  and  it  is  less  likely  to  rednoa 
the  oxide  of  lead  contained  in  flint  glass. 

Where  a  very  intense  lieat  is  required,  a  spirit-lamp,  or  gw> 
flarae,  tiirough  wliich  a  current  of  oxy<;en  from  a  gas-holder  ii 
directed,  may  be  employed;  and  occasionally,  in  caftes  where  i 
still  stronger  heat  is  requisite,  recourse  may  be  had  to  the  oiy- 
hydrogen  blowpipe,  in  which,  owing  to  the  complete  iiitemitx. 
ture  of  the  two  gases,  tiie  flame  is  solid,  and  therefore  of  small 
dimensiona. 

(4'.^(i)  On,-GA8.  Tetryhne  or  Bufylene  (e,H,  or  C-H,  =  56); 
So.  0-r.  of  Gas,  1'854 ;  of  Ziq^uid  at  54°,  0-627 ;  Mol.  Vol.  QJ- 
This  compound  was  diBcovered  by  Faraday  to  be  one  of  the  cOD- 
Btituents  tif  the  gases  obtained  by  the  destmctive  distillation  of  oil 
It  is  alniurit  inniluble  in  water,  but  is  taken  u}>  freely  by  alcdliol, 
and  still  more  abuntlantly  bv  oil  nf  vitriul.  Oil-gas  is  condeU8«i 
at  n-'  F.  to  a  colMiirless  liqiiiil;  the  gas  itself  is  colourless,  ami 
bums  with  a  white,  powerfully  luminous  flame.  It  contains  tlie 
same  proportions  of  carbon  and  livdrogeTi  as  olefiant  gas,  but  tlie 
two  elements  are  condensed  in  oil-gas  into  half  the  bulk  which 
they  occupy  in  olefiant  gas.  One  volume  of  this  gas  reqnires  8 
times  its  bulk  i>f  oxvgi>n  fur  itscitmplete  combustion,  4  voiunieaof 
steaiu  imd  4  volumes  of  larbouic  anhydride  being  tlie  products. 
Consequently  its  composition  may  be  tlius  represented  : — 


Carbon ©,  =  48  or  85  71 

Hydrogen H,  =    8      U-29 


By  volume.  flp.  ^. 
8?  or  4?=  1058 
8  4    =  0-276 


0il-g«8 €tH.  =  66    100-00  2  1    =1-934 

§  III.  CoMPOuiTDS  OF  Cahbon  wpth  Oxyokk 
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(497)  Eesides  carbonic,  oxide  and  carbonic  anhydride,  oiirboa 
forms  several  other  oxides,  wbicli  are  not  known  in  the  separata 
fonu,  Ijut  M-hich,  when  united  with  the  elements  of  water,  poafiee* 
acid  characters :  \-iz.. 

Oxalic  acid H,e,0.  or  2  H0,C.O.  =  90 

Rhodizonic  acid II.e.HO,  =  160 

Croconic  acid H.O.O,  =  143 

Mellitic  acid H,0 A  or  2  HO,C,0.  =  1 14 

(498)  Oxalic  Acid:  11,0^,  2  11,0,  or  3  HO,C.O.,4  Aq.= 
90-1-36;  iSj/.  6V.  1"03. — This  important  and  powerful  acid  mav  1 
usefidly  introduced  here,  though  it  belongs  to  the  division  of 
organic  chemistry,  as  it  is  always  obtained  from  sngar,  starch,  of 
some  other  substance  of  organic  origin,  and  is  one  of  the  ])rtHlncta 
of  the  oxidation  of  these  substances  under  the  influence  of  ho1 
nitric  acid  or  cf  hydrate  of  pHitash  ;  it  is  moreover  a  frequent  con 
Btituent  of  the  juices  of  plants.  Oxalic  acid  is  abundant  in  tlu 
leaves  of  the  wiHtd-?orrel  {Oj^ifis  (wetOMeUa),  to  which  it  commu 
nicates  their  powerfully  acid  taste,  and  in  which  it  occnrs  in  com' 
bination  with  potassium  as  the  salt  commonly  known  as  binoxalaH 
of  potash.     It  is  found  likewise  in  the  Ruinex  acetwa  and  in  th( 
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le^af-stalks  of  tlie  common  rhuharl*.  Many  lichens  owe  their  Bolid- 
ily  \o  the  presence  ofuxjilHte  of  calcium,  and  have  been  «^inpl<>ye(l 
as  a  source  of  tlje  acid.  It  is  alsu  contained  aliundantly  in  tlid 
iMirilU  plnnt.  in  the  form  of  neutral  uxalate  of  sodium. 

I'rrjhifat'um, — Oxalic  ac-id  may  be  procured  by  heating  tar- 
iric,  citric,  or  malic  acid  witli  an  excess  of  hydrate  of  putaHh  ; 
kJ  when  stareii,  t^ugar,  or  ligneous  tissue  is  similarly  treate<l, 
hydrogen  i«  evolvcl  and  oxalate  of  pota.««iium  is  among  the  pro- 
dactJK.  Many  tf»n9  of  oxalic  acid  are  indeed  now  made  weekly 
far  llie  calico-printer  by  heating  sawdust  with  a  mixture  of 
hydrate  of  potash.*  But  the  aciu  is  still  commonly  pro] >ared  by 
tho  older  plan  of  oxidation  <if  nugar  or  of  starcli  by  nitric  acid  : — • 
1  part  of  dry  loaf  HUgar  is  dissofved  in  J?|  parts  of  nitric  acid,  of 
sp.  gr.  1"3!5,  and  heated  in  a  flatk  until  all  effervescence  iias 
eease<^I ;  a  copious  evolution  'if  carbonic  anhydride  an<l  of  nitric 
oxide  atteudtt  the  rejwtion.  The  solution  is.  then  evaporated  by  a 
water-bath  to  one-*ixth  of  it*  bulk,  and  the  acid  crystallizes  on 
coiiling.  The  mother-liquor  may  be  further  concentrated  by  eva- 
|K>ration :  the  oxalic  actd  is  puriticd  l)y  recrystallizatiou,  and 
»iiiouiito  to  more  than  half  the  weight  of  the  sugar  eiiiphiyed. 
(ScJik^inger.)  iStarch  may  l>e  substituted  for  thesugiu*  in  this  pro- 
ce^  with  rccsults  nearly  as  good. 

ProjHu'tifK. — (Jxulic  aciil  as  thus  obtained  crystallizes  intrans- 
pATcmt  four-aided  jjrisms,  wliidi  are  I'epresented  by  the  formula 
(H^tr^O,,  '1  H,0;.  Tliis  aci<l  requires  about  t*  times  its  wciglit 
of  cold  water  for  solution,  Ijut  it  is  dissolved  inucii  more  freely  by 

ing  water;  it  \t>  also  soluble  in  alcohol.     The  crystals  wlieii 


•  The  followini?  Ui  tho  method  (SfliuncV,  Smith,  ond  Roscoe,  Bril.  A^k..  Report, 
1361.  p.  12(1)  eiiipluyo<i  uy  Messrs.  Roberts,  Dale,  and  Co,  for  nmnufactiirinft  oxalic 
■  >  'lust  on  II  liiritc  Kcile  A  t-onwotratod  sniurion  of  mixed  caustio  soda 
;i  )cf-  I  3fi  i«  pn  part'il,  ixiiitainiiijr  ".J  atoms  of  hvdrato  of  soda  to  1  atira 
»f  1 J  -;  -:,  pol;>sh.  Caustic  soda  aloae  does  uot  furiiisli  oxalic  add  by  this  mttliod, 
(uxiX  cauMic  poliixli  sin/iv  is  too  exp^-nslvt;.  houoo  a  miituro  of  tho  two  w  ncoessnry. 
SBWdii«T  in  iTitroiluced  go  as  to  form  a  thiclc  paHte.  Tlio  piisty  mass  ia  placed  in  thick 
.(.atfd  iron  plates,  and  clirred  conetantl.r  whilst  the  temiieratnre  is  inu- 
•I.  At  first  water  escapes  freely:  aa  the  dcconipejsition  adrnnctii  Uie 
'■  s  an  iDflaiuniiiWe  gaa,  oontaiuiiig  hydrogen  atid  tajrbu- 

1  vritli  an   aromatic  odour.     The  tempiTuture  is  uiaiti- 

l:  -  ,    ...    J    slid  480    for  a  couple  of  hours,  when  a  dsrk  hrowii 

rboliy  solnlik'  in  wukt,  m  obtainoii.    Tlio  exact  nature  of  thi'^  mixtun?  Is  not 
awTTtutnt-d      At  prcseat,  however,  itooiil.iine  only  from  one  to  four  jier  cent,  of 
ml  u  trai*  of  foruiic,  but  no  acetic  acid ;  tho  appUcation  of  heat  to  tho 
•••lore  coutinued  for  3  or  4  hours  longer,  taking  care  to  avoid  cluirrinj?. 
•  '  "I  ■  =  ''  '  'v  dry,  and  finally  tiontaina  from  28  to  30  jxt  cent,  of 

>     I  >  '  ■  to  be  given  ofl'  continuously  during  the  proccaa,  which 

.  LageU. 

tiiuii  procured  is  treated  with  water  at  60°,  which  dis.solvcR  out 

■  p.iriiiKly  sohiblf  oinlnte  of  sodium.     The  mother-liquors  ofler tho 

!<•  of  eodium  are  tioilad  down  to  dryness,  ignited  to  destroy 

dktili(.'a  are  ngain  rendered  caustic,  and  after  the  addiiiou  of 

j;i,  are  used  in  prep.iriiiif  u  frunh  chiirjre. 

.  is  ikcomptiiifd  by  buihoj:  with  hydrate  of  lime,  oxalate  of 

linriites  iu  the  insoluble  condition,  whilst  caustic  soda  enters 

y  be  used  over  uKiiin-     .Meantime  the  ovalnto  of  calcium  \a 

■  1  iul pluiric  ucid,  and  tlie  liquor  decanted  from  the  sulphatfl 

-■  crysinU  of  oi:\lic  acid  on  evjporiition.    By  this  method  2  lb.  of 

.1  1  ttA.  01  cr\stiMsii<<l  oxalic  acid, 
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Lcatcd  suddenly  to  212°  melt  in  tlieir  water  of  cryetalb'zatinii:  but 
if  slowly  raised  to  212'^  they  become  opaqne,  and  lose  2M'i>  pet 
••L'lit.  ot  water.  The  residue  then  consists  of  11,0,0,.  It  tlieM 
dcifd  crvBtuk  be  placed  in  a  retort,  and  heated  by  means  of  u 
oil-bath  to  bittweeu  300''  and  320*,  they  are  shiwly  gubhuied  and 
may  be  condensed  iu  white  neetUes  ;  hut  if  iieatecl  alx)ve  32<t°  the 
ticid  is  decomposed.  When  the  crv^talHzed  oxalic  acid  is  heated 
i|iiickly  without  jirevious  desiccation,  it  melt*  in  its  water  of 
crytitalliKiition,  and  at  311°  is  re>4oU'ed,  with  apparent  ebiillitjon, 
into  a  mixture  of  carbonic  anhydride,  formic  auiu,  water,  ondcitf- 
bonic  o.xiide ; — 


Onlle  acM. 


WmDleaeld. 


ii,e,e.,  2  li.e  =  ee,  +  2  h.o  +  uene. 


the  carbonic  oxide  licinjr  derived  from  the  fornn'c  acid,  wliich  when 
decomposed  by  heat  yields  carbonic  oxide  and  water;  II6H9, 
beeomiiif^  11,0  +  00.  Berthelot  luw  shown  that  tlie  conversion 
of  oxalic  ncid  into  iVmnic  iicid  is  easily  etiected  by  dissolving  tlift 
oxalic  acid  iu  glycerin,  and  beatiuj;  to  rtlnmt  300",  when  furmic 
acid  sliiwly  piLsses  over,  and  carhonic  atdiydride  escapes;  but  if 
the  ti-nipcraliiic  be  raised  to  '6b(f  carbonic  oxide  is  obtained  in 
abuiidaiKte.  When  heated  witli  oil  of  vitriol,  or  phosphoric 
aidiydridc,  it  breaks  u\>  into  equal  volumes  of  carlionic  oxide 
d  carbonic  aidiydride.  No  anhydiide  of  oxalic  acid  appears  to 
exist. 

The  comptjsition  of  oxalic  acid  is  as  follows: — - 


Cnknuwn  anhydride. 

Carbon t?,  =  21or33  3 

Oxygen e,=4S      66-7 

WatcT    


Ozalio  nn- 

hydride- 


]  [t^,0,  =  "'J    "lOJ'O 


Hjdrated. 

0,=48      63-4 
ll,e=18      20-0 


H,«,O.=90     1000 


CrjrsUllfaol. 

<r,=24orl9-05: 
0,  =  48      3810] 

3  H,e=54      42-85  I 


H»e,e.,2H,e=i26   loo-oo 


The  solntion  of  oxalic  acid  lias  an  intensely  Bour  taste;  if 
swallowed,  the  acid  act^  a,s  a  ptiwertid  ]><>ison,  occiu^ioning  death 
in  a  very  few  htjiirs.  The  best  antidote  in  such  a  case  is  the  ad- 
ministration of  chalk  or  of  magnesia  Buspemlcd  in  water. 

It  is  ft  iteneral  rule  that  when  an  elementary  body  forms  two  or 
more  acids  with  oxyijcn,  the  aoi*!  whici:  cotttains  tlie  largest  amount 
of  oxygen  is  the  must  energetic  in  its  action.  Tlius  the  sul[>huric 
acid  is  more  jinwerful  than  the  snlphiiruus  ;  clib;ric  acid  is  stronger 
than  hyjViciiiofons  acid,  and  the  jterchloric  acid  is  stronger  than 
either.  It  is,  liowever,  otherwise  in  the  case  of  oxalic  acid; 
although  oxalic  acid  contains  a  smaller  j>ro[iortion  of  oxygen  than 
carbonic  acid,  its  attraction  for  bases  is  much  more  energetic,  and 
it  decomposes  all  the  carbonates  with  effervescence.  It  even  libe- 
rates liydrocldiiric  acid  when  lieate*!  with  dry  chloride  of  sodinm. 
The  cause  of  this  ronuirkable  exception  to  the  general  rule  haa 
not  hitherto  been  explniocd.  M 

Oxahites. — Until  hitely  oxalic  acid  was  regarded  as  monobasic  ;fl 
hut  there  ai'e  good  reasona  ior  vlevjvu^  \\,  «&  <5A\i«*v(i.   "^^^^.isst^iA 
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PO  classes  of  salts  usnally  formed  by  dibasic  acid.s,  the  oxalic 
"les  with  the  alkaliue  metals  a  group  of  siij»er-afid  salts,  rep- 
iwented  by  the  so-called  qiiadroxalate  of  potash.  The  neutral 
Ouiiate  of  poUmsium  funiislies  efflorescent  very  soluble  iirismatic 
cn-Btals:  the  av'td  oxiilate  i«  sparingly  soluble  in  cold  water,  and 
rMniris  about  14  part*  of  boiling  water  for  solution ;  it  crystallizes 
inliir^'  prism;*  which  are  unaltered  by  exposure  to  the  air;  and 
'  ^iqiia'hoxiilat-e  furnishes  large  crystals  whicii  are  still  less  soluble. 
Tlif  so-calle*!  salt  of  leinona  is  one  of  these  acid  oxahite?.  Oxalio 
Jicid  forms  a  large  number  of  insoluble  sidta.  The  insolubility  of 
oxalate  of  calcium  iu  water  has  led  to  the  emiiloynient  of  oxidic 
acid  as  a  reagent  for  indicating  the  existence  of  lime  in  solution, 
«ndfor  tlotermining  its  antoimt.  On  adding  a  neutral  oxalate  to 
»  neutral  or  alkaline  solution  of  any  salt  of  calcium,  the  oxalate 
ofcak^ium  fallf-  as  a  white  precipitate,  which  isinsolid)le  in  acetio 
acid.  Atter  drying  at  10(t°  F.,  this  salt  consist.-^  of  e!iO,0,.  2  11,0, 
and  when  heated  to  bright  redness,  100  parts  leave  34'1.>  of  pure 
quicklime,  corresponding  to  43-y  of  oxalic  anhydride.  The  oxalates 
of  raugncsium,  cadmium,  and  manganese  are  also  white  ami  nearly 
insolulile;  they  each,  when  dried  at  212'^',  retain  2  ll,f>.  Oxalate 
of  zinc  is  white;  oxalate  of  cobalt  is  rose-coloured;  nxalate  of 
nickel  is  greenish  wJiite,  and  ferrous  oxalate  is  yellow :  they  are 
alUpwringly  solulde.  and  retain  2  II,0  at  1(h>°  1'\  The  oxalates 
of  barium  and  strontium  are  white,  and  that  of  co]i[)er  is  of  a  pale 
Hue:  they  are  nearly  insoluble,  and  retain  II,0  at  212°.  The 
oxalates  of  lead  and  silver  are  white,  and  auhytb'ous.  All  the  in- 
soluble oxalates  are  readily  dissolved  by  diluted  nitric  acid. 

Au  insoluble  basic  oxalate  of  lead  (fl)0,0„  2  PbO)  juay  be 

obtained  by  precipitating  the  tribasic;  acetate  of  lea<l  l>y  means  of 

a  neutral  soluble  oxalate.     One  of  the  most  characteristic  salts  of 

flu's  acid  is  the  oxalate  of  silver,  whicli  when  heatcil  on  platinum 

foil  is  suddenly  reduced  to  the  metallic  state,  and  is  dispensed  with 

a  slight  explosion,  owing  to  the  suddcTi  liberation  of  carbonic  an- 

iydride;  Ag,0,0,=2  Ag-f  2  60,.     The  oxalates  of  many  other 

of  the  metals  which  have  bnt  small  attraction  fur  oxygen,  those  of 

c<)l«ilt  and  nickel  among  the  number,  are  reduced  to  the  metallic 

state  if  heate<l  to  redness  in  a  clr>sed  vessel,  so  as  to  exclude  at- 

iiii'spherio  oxygen  ;  2  atoms  of  carlionic  auhyilride  being  expelled, 

wliiUt  the  pure  metal  is  left  behind.     This  reiliH'lng  action  occurs 

I  the  ease  of  gold,  when  a  solution  of  a  salt  of  this  metal  is  simuly 

Jiled  with  an  oxalate;  the  gohl  is  precipitated,  either  in  flakes 

or  in  tlie  form  of  a  very  finely  divided  jtowder.     The  oxalates  of 

metals  of  the  alkalies  and  the  alkaline  earths  are  converted 

a  dull  red  heat  into  carbonates  of  these  metals;   the  carbonic 

ide  burning  otf  M'ith  a  indc  lilue  flame,  whilst  the  salt  does  not 

Mbit  any  appearance  of  cliarring. 

The  general  formidiB  of  the  oxalates  are  tlie  following — ^tha 

»le  includes  some  of  the  principal  oxalates; 

Normal  oxalates & 

Acid  oxalutM li 
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OxAlatc  of  potassium KtP.O,  .  11,0 

Binoxulntt'  of  potasrium KH<r;f>,  .  H,0 

Quiolroxulate  of  potassium , KII,  'J  *:'.*->,  .  2  Hi6 

OxaluU'  of  luumuiiiuiii {II  iN),  ViO,  .  Hj0 

Binoxaliitc  of  uiiiiuooiuiQ . , H  ,I«  iitrjOi  .  LI|0 

Oxalate  of  banum But ,«,  .  !!,« 

"  strontiuiii SrtM't .  H,<:» 

ciilciuiii eat=,e4 .  2  U,G 

"  uiaguesiuni- Mgt^jOi .  2  II,0 

"  Kinc Zne,H. ,  2  H,e 

•*  cadmium. fdtrjO,  .  2  H.H 

"  cobalt *?ot,t>. .  2  H,e 

"  nickel >ri«,04  ■  2  H,e 

"  ipon. Fee,e..2H.e 

copper enf^iOfH^ 

"  lend Pbe,e« 

"         iiUver A«>6,e, 

Oxalic  acid  furma  a  large  number  of  double  8alte, — eucli  k- 
the  foUuwiiig : — 

Uranous  ainmoniacal  oxalate  [&"  (H.N),  2  G,0„H,0]. 
TTranic  ainmoniiical  oxalate  (^UOH.Ne.O.,  '2  1I,0). 
Chroinico-potassic  oxalate  (K,6r"'  3  ©,0„  3  II,0). 

(499)  lihtnlizoniCy    Croconic,   and    MelUtic  Acids. — Three 
otber  acids  coiitainiiii^  carbint  and  oxvfjen  are  known  undertheMJ 
names,  Imt  tlicy  arc  ol"  sliirlit  iiiiportam-e. 

Jihiidhonic  Avid  (lI,t^.llO, ;  Will)  is  an  acid  which  forms 
Baits  of  a  beautiful  red  or  scarlet  colour,  whence  it  derives  it? 
name  (from  fxJ^ov,  a  rose).  It  is  obtaiupd  by  the  action  of  a  nioirt 
atmo^plien*  on  the  dark  olive-^rcen  eoin]xnmd  which  jtotasfiinui 
yield;*  when  i^i'iitly  houted  in  carltonic  oxide  gas,  and  which  is, 
foriru'd  al>tiiid!itilly  dtiriiij;  the  jireiiaratiou  of  potassium. 

if  the  acjtieous  solution  of  rhodizoiiate  of  potassium  (K,€?,II,0^ 
IT,0  0  l>e  lioiled  in  the  ]u'esence  of  free  alkali,  it  is  <;lecorujM»scd| 
with  loss  of  water  into  the  salt  of  a  new  acid,  which  from  tiieycM 
low  colour  of  its  conqiouuds  is  tenned  Vi'oconic  Acid,  1I,€?»0,. 

Croeonic  (\».id  ie  obtained  by  deeomposinij;  crocouate  of  potas-' 
Binra  with  siHcortuoric  acid.  It  forma  yellow  crvj^tals  eolnble  Inith 
in  water  atid  in  alcohol.  Croconic  a<!id  and  t!ie  soluble  croc«»-, 
nates  furnish  yellow  sparinojly  8<jlulile  crystalline  jdates  wheaj 
mixed  with  salts  of  barium  or  of  lead  (Will,  l!icb.  AnnafA 
cxWii.  187). 

(500)  MeUitic  Acid  (Jl,ej&„  or  2HO,C.O.)  has  Jiitherto 
been  found  only  in  MeUite,  a  rare  mineral,  consisting  of  mellitatoi 
of  aluiiiinuiii  (Al,  3  ©,0„  18H,0),  which  is  now  and  then   melj 
with  ill  liunite,  and  occurs  crystuni/.t^^i  in  honey-yellow  transpar- 
ent Of  tot  let  I  ni.     Mellitic  acid  is  extracted  from  niellite  bv  boiliii<;^ 
the  ])o\vderL'd  mim-riil  with  cnrlMinate  of  ariimoniuni.     Mellitate 
of  annnuniuiii  is  obtained  in  solution  ;  by  the  addition  of  acetatuj 
of  lead  to  tlie  liqai<i,  the  mellitate  id"  load  (PbO,0,.Tr.,0)  is  pre* 
cipitated.     This  preei|)itate,  when  washed,  is  suspended  in  water ^ 
and  dec<tmposed  by  a  cm-rent  of  6uli>huretted  hydrogen  ;  sulphiilei 
of  lead  is  thus  formed,  and  Ib  6cparate<l  by  filtration  from  the  so-j 

lutioii  which  contains  tho  liberated  uveWxV'w  v!H!.\<\v  «\v  vtNvvvcivuX.\\v 
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I  liquid  the  acid  is  left  in  a  state  of  purity.     MelHtie  aoid  is 
iuWe  iu  water  and  Ln  alcohol ;  it  may  be  obtained  crystallized 

irroiips  of  iteodles  liy  the  Bpontaneons  evaporation  of  the  alco- 
ic  solution.  Its  Bolation  reddens  litmus  «trongly,  and  has  a 
nmijlv  s<iur  tajste.  Mellitic  acid  is  unchanged  by  boiling  nitric 
rgiil|iliuric  acids.  The  acid  is  decomposed  by  lieat  into  a  vola- 
De  crvsUilliue  sublimate,  and  into  carl>on.  AV  ith  the  suh;*  of  lend 
mellitates  give  a  voluminous  white  precipitate,  which  gradu- 
llv  ghruika  in  bulk  and  becomes  crystalUue. 

§  IV.   CoMPonrDS  OF  Carbos  wrrH  Nctboon. 

(501)  Cyanogen  ;  OX  or  C.N",  or  Cv=26 :  Theoretic  Sp.  Or. 
"1;  Oh^ertmi,  1"80*^>4;  Atomic  Vol.  \~]* — "^^^  suWtatice  is 
iof  the  most  interesting  compnundji  of  carbon,  and  its  discov- 
liv  Gay-Lussac,  iu  1S14,  fDniii'd  an  epuclt  in  the  history  of 
benjieal  science.  It  was  the  tirst  f'<nni>i>iiiid  ImxIv  wliidi  was 
btinctly  provefl  to  enter  into  couililnatioii  with  elementary  eub- 
uice»  in  a  manner  eimilar  to  that  in  which  t!ie  elements  com- 
I  witli  each  other.  New  views  of  chemical  composition  were 
I  originated,  which  have  since  acquired  an  extensive  develop- 
enl,  ttud  have  exercised  a  most  material  intluence  upon  the 
^  .  iif  organic  compounds  in  general,  Thv  nnim:  of  C'l/nno'/en 
(ISim  xJavof  blue,  ytwaw  to  pnKjuce),  is  derived  from  the  circum- 
M«ncf  tliat  tliis  body  fonns  an  essential  ingre<:lient  in  Trusriiaa 
bluf.  No  direct  union  of  its  constituent  element.s  can  be  effected. 
If  a  mixture  of  charcoal  and  carbonate  of  jxitassiura  be  heated  to 
llnees  in  a  porcelain  tube,  and  nitrogen  be  passed  over  it,  car- 
lic  oxide  escapes  abundantly,  whilst  cyanogen  is  formed  and 
with  the  potassium,  yielding  cyanide  of  potiissium.f 

K,ee. + 4  eV  2  N =2  kgn + s  ee. 

tgen  is  also  present  in  small  ipiantity  among  the  products 
ine<l  during  the  distillation  of  pit  coal;  and  it  is  furnished 
ring  the  decompiisition    of    oxalate  of  ammonium   by  heat, 
l.N,e,e,  becoming  2eN  +  4H,B.i 

The  compounds  of  cyanugen  aro,  hi>wcver,  almost  always  ob- 
t»ine<l  from  the  double  cyanide  of  pcitassiuni  and  iron,  a  salt  which 
stallizes  in  transparent  yellow  tables,  and  ia  commonly  known 

'  In  its  free  sUt«  (OyC7=52 ;  Sfol.  Vol.  I^O)- 
f{  It  may  aUo  be  nientiontxl  ne  a  nmtt«r  of  t)u<orettciil  interest,  that  the  com- 
pounds of  ammonui  in  vapour  if  troasmitted  over  glowing  charooal  yield  cyanogen 
itni  more  readily,  C!>peci&lly  wl;cn  carb<HiAt«  of  potuRsium  is  also  proaent.  The  oxi- 
dized ci«Tip<iun<ia  of  nitrogen  sucli  tiA  the  nitmtos,  likevviso  readily  furnish  Bmull 
quaniitiei!  nf  tliu  oumpounda  of  cyauoi^'in,  as  is  frcqueuily  obsorvod  iu  dollagraling 
iiilre. 

ve  reaction  for  the  presence  of  nitrogen  in   organic  compounds  ia 

tlie  lucdlity  with  whieli  either  pobis^imn  or  Boriiiim  delermliics  the  for- 

in  ut  cpiUOg(:n  from  azotised  coinpourids  of  uirboii: — a  scuoll  globule  of  pottu)- 

(or  of  sodium)  ia  intro<iueed  into  n  nnrrow  glass  tulje  sealed  at  one  cod,  and 

nictnl  is  hc'utcd  with  tlio  orgnnic  body  under  exnmiiintion.    The  residue  in  then 

Dived  in  wutt-r  and  u  smull  <niaiility  of  a  mixture  of  the  ff-rroua  and  ferric  nul- 

padded,  then  a  slight  excess  of  hydrotAiloric  acid:   a  prvcipitate  of  Prussian 

}  If  ttitrogen  be  present  ia  the  ootojx>uud. 


252 


JN  OF  CTANOOKW. 


liv  the  name  of  jyruMiaie  of  pota«h,  or  lerrocyanide  of  potassiTiTn^ 
l^hii!  salt  '\A  prepared  by  licatmg,  in  a  covered  irou  not,  about 
parts  ofrt-fiise  animal  matter,  Bnch  as  the  parin|y;s  uf  iKMifc,  hide 
lionig,  (.tc,  with  2  parts  of  j^earlash,  and  iron  filiugn;  the  nitrugex 
and  carbon  of  the  animal  uiatters  react  upon  each  other  at  a  bigh 
temperatm-e,  and  eunibiue  with  a  portion  i>f  rednced  jjotaesiui 
and  with  iron.     On  digesting  the  mass,  when  cold,  with  waterj 
tlie  ferrocyanide  of  p<tttiosium  (K.FeCy,,3  II,0)  is  fonue<l,  and  " 
depcoited  fn)ii)  tlio  solntion  in  large  funr-sidod  tables.     When  1( 
parte  of  thi:^  sidt  are  dissolved  in  4  tinies  their  wciglit  of  ws 
water,  and  distilled  with  7  pai-ts  of  oil  of  vitriol  diluted  with  twic 
their  weight  of  water,  until  about  half  the  bulk  of  tlie  liipud  hn 
paesed  over,  a  dilute  solution  of  hydnx-yanicacid  (II Cy)  is  formed  ;*• 
this,  if  satm-ated  with  rcnl  oxide  of  mercury,  furnishes,  on  eva[ 
ration,  a  crystallizable  compound,  the  cyanide  of  mercury  (ttgCv,) 
If  this  be  thoroughly  drie<l,  and  heated  in   a  retort,  it  is  dccot 
posed  into  mercury,  which  distils  over,  and  cyanogen,  whicl 
ptisaes  off  as  a  permanent  gas. 

Cyanogen  is  a  transparent  colouress  gas,  of  a  peculiar,  pene 
tratinjr  odour:  it  is  poisiiuous,  if  respired.  It  bums  with  a  beai 
tiful  name  edged  with  purple.  Cyanogen  is  soluble  in  one-fnurtl 
of  its  bulk  I  if  water,  and  still  more  freely  so  in  alcohol;  hence  H 
must  bo  collect<^'d  over  mercurv.  In  pttrceiain  or  glass  vessels  if 
BUi)ports  a  high  temperature  without  decomposition,  but  if  healt  ' 
in  u'on  lubes,  charcoal  is  deposite<l,  and  a  volume  of  nitrogenj 
equal  to  that  of  the  cyanogen  Uf^viX^  renniinB. 

The  composition  of  cyanogen  uuiy  be  determined  by  detonatiofl 
in  the  eudiometer  with  oxygen  ;  the  condiustion  is  attended  witi 
a  powerful  exidosion.     One  volume  of  cyantigen  with  2  volume 
of  oxygen  yield  2  of  carbonic  anhydride  and  1  volume  of  nitre 
gen  ;  2  volumes  of  carbon  vapour  and  1  volume  of  nitrogen  mns^ 
tlierefore  lie  condensed  in  it  into  1  volume,  as  is  shown  in  thfl 
following  table : — 

By  irelvbt.     By  toL  Sp.  tx. 

Cnrbon  ....... e    =  12  or  4615      2?  =  O-a.'S 

Kitrogon N     =  14        M-85      1  =  0!»7I 

Cyanogen CN  =  2G      100-00      1  =  I'SOO 


Cyanogen  is  readily  reduced  to  the  liquid  state  by  a  i<ri-*sur^| 
its  own  vapour  equal  to  about  4  atmospheres.     It  foriiih  a  colour 
less,  limpid  liquid,  of  sp.  gr.  0*866  at  63°,  which,  on  the  n-inovji 
of  the  pressure,  rapitlly  but  quietly  resumes  tlic  gaseous  state, 
freezes  at  — 30'^,  and  tbrms  a  transparent  crystalline  6ulid,  whit 
is  nearly  of  the  same  density  as  the  liijuid. 

Fig.  323  shows  aueasy  method  of  liquefying  cyanogen  ;  fttnt 
of  hard  glass  is  bent  into  tlio  form  of  a,  t,  c.     Into  the  limb, 
well-diied  cyanide  of  mercury  is  introduced;  heat  is  apidied  l< 

*  The  rcactinn  in  this  caee  is  rathvr  lem  simple  tlian  might  Iutm  b«fu  aDtidfaW : 
it  was  first  accurnf*ly  trnoed  bv  Evprilt : 

K.Fely,  +  3  ll/sO,  =r  3  ITCy  +  KFoGy,  +  3  KIISO,; 
half  the  rynuogun  oalv  \b  oxiK-IIfd  r.-  liV<lro<'Miuic  ociil,  tiic  othor  hnli'  nsmaloiofr  tM 
hindinthefonoof  •wmtO|  ln»(4ul  '.-uildeaf  inwandpotuiiiitutntKi'a'QfiJ 
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^rcnry  at  a;  the  bend,  l>,  is  placed  in  a  basin 
eonUiiniri;^  a  treezing  mixture  of  ice  and  salt ;  as  soon  as  tlie  gas 
begins  to  escHpe,  the  stopcock  at  c  is  closed,  and  liquid  cyanogen 
becomes  condensed  in  the  bend,  b. 


Fis.  323. 


^mw 


If  potassium  be  heated  in  cyanogen  it  burns  and  combines  with 
It,  witliont  occasioning  the  decomposition  of  the  gas,  forming  a 
'  Uine  body  analosroue  to  common  ealt.  This  experiment  shows 
ie  existence  of  tlie  remarkalde  property  posseivsed  by  cyanogen, 
of  combining  with  metals  and  other  bodies  like  an  clement.  This 
peculiarity  in  the  mode  of  combination  of  cyanogen,  which  has 
given  rise  to  the  theory  of  compound  radicles  now  so  extensively 
applied  in  organic  chemistry,  will  be  better  traced  by  examining 
a  tew  of  the  nuraerons  compounds  which  cyanogen  forms  witli  the 
elementary  bodies. 

(502)  ITTDKiK'YANio  OR  Prpssio  ActD  (IlCy  =  27) :  Sp.  G-r. 
of  VajMur,  T/ieoretic,  0-[)33 ;  Observed,  0-9476;  of  Liquid, 
(V7n5(S  at  45'  F. ;  Meltinfj-pt  5°;  BoUinff-pt.,  80°;  Atomic  and 
Mol.  Vol.  I  I  |.— Cyanogen  fonns  with  hydrogen  a  highly  impoi-t- 
ant  compound,  though  the  two  bodies  cannot  be  made  to  unite 
directly  with  each  omer.  If  a  current  of  dried  sulphuretted  hy- 
drogen be  transmitted  through  a  long  tube  tilled  with  cyanide  of 
mercury  until  the  cyanide  has  become  blackened  nearly  thmugh- 
out,  sitlphide  of  mercury  and  hydrocyanic  acid  are  formed ;  hut 
it  may  also  be  prepared  by  decomposing  any  of  the  cyatnik-s  l)y  a 
strong  acid,  ana  subjecting  them  to  distillation  ;  for  example,  cyan- 
ide of  mercury  when  treated  with  hydrochloric  acid  yields  it 
readily.  The  most  economical  process  is  that  of  Wohlor  ;  he  pre- 
pares a  crude  cyanide  of  potawium  by  fusing  8  parts  of  the  dried 
jclluw  furnx^yanide  of  potassium  with  3ofcarlx>nate  of  potassium 
and  1  part  ol  charcoal.  This  decomposition  is  shown  in  the  fijl- 
lowing  equation : — 

K.FcCy.  -I-  K.ee,  +  €,  =  6  KCy  -f-  Fe  +  3  OO. 

The  fused  mass  is  treated  with  6  times  its  weight  of  water,  in  a 
well-closed  vessel ;  the  clear  liquid  is  decanted  from  the  iron,  which 
it  is  tlie  object  of  this  operation  to  separate,  and  is  poured  into  « 
retort :  sulphuric  acid,  diluted  with  an  equal  weight  of  water,  is 
gnulually  added  in  the  proportion  of  1  part  of  oil  of  vitriol  to  2 
parte  of  the  cyanide.     At  first  the  distillation  proceeds  sponta- 
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neout-ly  fj'om  the  heat  developed  by  the  admixhirc  of  tlie  MilpLoric 
Rv'ul  with  tLc  water.  In  iiraer  to  eoiulense  the  m-id,  tlio  jiroducU 
are  made  to  paeg  tlirou^li  a  lonsc  U-nhnped  tiil>(!,  iiinneree<l  in  eciU 
water,  mid  mleA  with  eliloride  of  oaleinm,  witli  the  ex<'Cj)tion  of 
the  first  foiirtli  of  the  tuhe,  whieh  contains  tVagnienrs*  of  Uie  crude 
cyanide  of  potiussium;  to  the  bent  tuhe  is  attached  a  second  de- 
li verinij  tube,  which  passes  to  the  bottoni  of  a  Ixtttle  eonled  with 
ice  ana  salt.  The  chloride  of  calcium  in  the  Bvphon  tube  retains 
the  moisture,  and  the  cyanide  of  pota«=ium  any  eulpliuric  acid 
tliat  might  chance  to  pass  over,  whilst  the  hydrocyanic  acid  col- 
lects in  an  anhydrous  state  in  the  cooled  receiver.  The  reliction 
of  sulphuric  acid  upon  cyanide  of  potassium  is  very  simple,  lieing 
exactly  analogous  to  its  action  upon  chloride  of  sodium : — 

2  KCy  +  3  H,SO,  =  S  HCy  +  2  KHSe,. 

Anhydrous  hydrocyanic  acid  is  a  colourless,  transpnrent,  and 
very  volatile  li(|uid  ;  so  rapidly  does  it  evaporate,  that  if  a  drop  be 
allowetl  to  fall  ii]>on  a  glat^s  plate,  part  of  the  acid  bocomee  froxen 
by  the  cold  produced  by  its  own  evaporation.  Its  vaponr  hafi  an  ' 
odour  of  peach  blosstinis,  causing  a  peculiar  sense  of  oppression, 
an<l  of  constriction  in  the  fauces.  {^>wing  to  its  intensely  poisonons 
character,  the  gi-eatest  care  is  requisite  in  comlucting  experiments 
upon  tiiis  substance ;  the  ajiparatus  should  always  be  arranged  fio 
that  the  vapoure  are  ctirried  away  from  the  o|H.'rator  by  a  briek 
current  of  air. 

Hydrocyanic  acid  is  very  inflammable;  it  burns  with  a  flame 
resembling  that  of  cyanogen,  but  of  a  whiter  colour.  In  con- 
formity with  its  analogy  with  the  hydrogen  acids  of  chlorine  and 
the  other  halogens,  it  is  composed  of  1  volume  of  hydrogen  and  1 
of  cyanogen  uniteii  without  condensation.  When  |M)tassiiitn  h 
heated  in  hydrocyanic  acid  vapour,  cyanide  of  potassium  ia  formed, 
and  a  volume  of  hydrogen  equal  to  half  that  of  the  vapour  em- 
l)loved  is  liberated  ;  chlorine  and  bromine  decomp^ise  it  immedi- 
ately ;  hydrochloric  or  hydrobromic  acid  is  produced,  and  if  exceea 
of  the  halogen  be  present,  chloride  or  bromide  of  cyanogen  is 
fonned.  If  5  volumes  of  oxygen  be  min":led  with  4  vulumes  of 
hydrocyanic  vapour,  a  mixture  ia  obtained  which  detonates  pow- 
erfully on  transmitting  the  electric  spark  through  it;  4  vohiniM 
of  carbonic  anhydride  and  2  volumes  of  nitrogen  remain,  and  2 
volumes  of  steam  are  condensed.  The  composition  of  h  vdr<,)cyiinic  , 
acid  may  be  calculated  from  the  result  of  this  experiment,  and 
may  be  represented,  ae  follows : — 

By  vetght.  By  rolonie.  8p.  0. 

Carbon €>     =  12    or   44  45  2  or   10  =  0414 

Nitrogen. N      =   14           6186  1         0-5  =  04*6 

Hydrogen U     =     1            3  70  1        06  =  0034 

°'^Bd7'*^  }     "^'N  =  "         1»000     2        10  =  0-933 

The  acid  properties  of  this  compound  are  but  feeble ;  it  rotldenH  , 
litmus  slightly,  di.s8olve«  red  osioe  of  mercury  fn^ely,  anil  pw>l 
cipitutee  nitrate  of  wlver  in  white  flocculi  (AgCy).    Cyanide  of 
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luin  always  baa  an  alkaline  reiiction  :  its  solution  euiits  the 
r  ot'tlie  ac*i<L     Pure  liydrooyiuiie  acid  may  be  kept  undianged 
L'ludtil  from  light;  but  in  ditfused  lisrht  it  becomes  dw-ora- 
i,  and  a  brown  mutter,  consisting  ehietiy  of  parai-yanogen,  ia 
tueil.     Pelouze  has  pointed  out  a  remarkable  devompositiou 
icli  furnijihe^s  dilute  hydrocyanic  acid  almost  in  a  state  nf  purity ; 
Din  of  cry^tjillized  formiatc  of  ummonium  oontainii  tlie  elemeuta 
atom  oi"  hydrocyanic  acid  and  2  atoms  of  water.     If  this  salt 
placed  in  a  retort  and  heated,  it  melts  at  248'^,  lo,*es  a  little 
DiauTiia  at  284',  and  between  35(5°  and  392°  distils  over,  and  if 
jrapour  be  transmitted  through  a  red-hot  tul>e  it  is  wholly  con- 
"  into  hydrocyanic  avid  and  water:  H.Ni^lIO,  =  H^N  + 
^     If  equal  measured  of  concentrated  bvdroeyanie  and  hy- 
oi-hloric  acids  be  mixed  tbgether,  formic  acid  and  aumionia  are 
eprfxluced. 

IIvdriM'vanie  acid,  mixed  witli  a  peculiar  essential  oil,  is  ob- 
(kinefi  by  distillation  from  the  kernels  of  the  bitter  alnmnd,  and 
om  those  of  many  varieties  of  stone  fruit :  it  is  also  present  in 
water  which  U  distilled  off  the  leaves  of  the  laiirel,  the  peach, 
1  some  other  si irubs:  the  juice  of  the  tapioca  plant  {Jatrovfui 
uihot)  likewise  contains  it,  and  it  is  also  formed  under  various 
circumstances  during  the  oxidation,  and  decomposition  of  some 
'ndBof  uitrogenized  substances. 

The  preparation  of  diluted  hydrocyanic  acid  by  distillation  of 

ferrocyunidc  of  potrtssiuni  with  diUued  sulphuric  acid  lias  been 

a'reaily  noticed,  but  as  the  acid  is  now  frequently  employed  in 

ni«5diciiie,  it  is  highly  imf>f>rtant,  on  account  of  its  energetic 

*ion,  to  be  able  to  insure  its  preparation  oi  an  uniform  strength. 

Iiis  is  easily  attained  by  the  prwress  tif  a  former  llt.inniuopteia, 

Licli  directs  48^^  grains  of  cyanide  of  silver  to  Ije  suspended  in 

iviince  of  water,  and  to  be  decomposed  by  39^  grains  of  hydro- 

hWic  acid,  decanting  the  clear  liquid  from  the  cidoride  of  silver; 

lis  aciii  contains  2  per  cent,  of  tlie  anliydruus  acid.     The  acid 

*hen  dilute  is  leiis  prone  to  decomposition  than  when  concen- 

tr»te<l,  especially  if  a  little  free  sulphuric  acid  be  present:  but  it 

ftmiitl  always  be  excluded  from  the  light.     This  acid  is  extremely 

volatile,  and  if  a  bottle  containing  the  diluted  acid  be  left  open 

for  8  few  hours  it  will  be  found  to  have  suft'ered  a  very  material 

re'lncti.iu  in  strength  ;  indeed  the  mere  opening  and  closing  the 

t"ittl(!  in  dispensing  the  meilicine   always  reduces  its  strength. 

When  subjected  to  distillation  a  large  ^juantity  is  usually  lost,  and 

the  groater  portion  of  the  acid  comes  over  in  the  first  fourth  of 

distillate.      What   is  called  SclieeWa  add  varies  greatly  in 

engtli,  owing  to  the  ditficulty  of  condensing  the  acid  vapour. 

i  is  directed  to  be  prepared  by  mixing  10  parts  of  ferrocyunide 

potassium  with  3'75  of  oil  of  vitriol  prcvimisly  diluted  with  40 

la  of  water,  and  distilling  over  till  10  ]>arts  are  collected.     It 

iilom  contains  more  than  5  per  cent,  of  tlie  acid,  and  the  pro 

tion  is  often  considerably  less. 

(503)  Cyanides. — The  cvanides  of  the   alkaline   metals    are 
ely  Soluble  in  water.    Many  of  the  cyanides  oi  the  heavier 
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metals  are  ina(.»luble  in  water,  but  most  of  them  are  decomnoaj  , 
with  evohitioii  of  hydrocyanic  acid  wlien  boiled  witii  hvdrufiilurio  | 
acid  ;  those  of  silver  juid  niercury,  when  heated  to  redncjfs, 
cyanogen  giis.     Sohitioiis  of  niercuroiis  salts  give  a  grej  pr 
tato  ol  the  rcduewi  metal ;  but  the  mercuric  salts  give  no  pit 
tate  with  the  cyanides.     Most  of  the  cyanides  which  are  ineoli 
in  water  iiiiiy  bo  dissolved  by  means  of  a  solution  of  the  cvanidi^ 
of  the  niutiils  of  the  alkalies,  or  of  the  alkaline  eartlis:  in  snofe' 
cases  double  cyanides  are  generally  formed.     Liebig  ha.s  given  a 
ready  nictlrod  for  the  exact  determination  of  the  strength  ul  a ' 
solution  of  hydrocyanic  acid,  foumted  upon  the  solubihty  i  if  these 
double  cvani<les ; — The  acid  to  be  tested  ia  6ni»ersaturated  witli  % 
solution  of  caustic  potash,  an<l  a  standard  solution  of  nitrate  of 
silver  {17  grains  of  nitrate  in  1000  measured  grains  of  water)  k\ 
gi'a<lually   added,  agitating  the   mixture  after  each  addition;  U 
soon  as  the  ])reci[)itate  is  iio  longer  redissolved,  the  nunil)cr  of 
divisions  of  nitrate  adiled  must  be  reswl  ofl".    17  gi-ains  of  the  nitnite 
of  silver  represent  5*4  grains  of  hydrocyanic  acid.     The  reaction 
is  the  folloning : — 

AgNB.  +  2  KCy  =  KN^O,  +  KCy,AgCy. 

Tlie  preJience  of  chlorides  does  not  interfere  with  the  applica- 
tion of  the  test.  Sididiiite  of  copper  may  be  substituted  tor  the 
nitrate  of  silver,  if  the  hydrocyaTiic  sohition  be  rendered  alkaline 
witli  aiiinioiua  instead  of  with  potash.  The  reaction  is  coinpk'te 
a.s  soon  !is  the  li([iiid  acquires  a  slight  blue  tinge :  14*5  grains  of 
the  crystallized  sulpliate  represent  5-4  grains  ot  hydrocyanic  acid. 

The  ju'esenee  t»f  the  soluble  cyanides,  or  of  hydrocyanic  acid 
in  solution,  may  be  determined  by  the  following  tests  : — 

1.  With  nitrate  of  silver  a  white,  curdy  precipitate,  which 
does  not  blacken  by  exposure  to  light,  is  formed;  it  is  nearly 
insoluble  in  eold  nitric  acid ;  when  heated  to  redness  it  gives  off 
the  inlhiiiuiialile  vapour  of  cyanogen. — 2.  If  to  the  liquid  a  slight 
excess  of  jxitasli  be  adde<l,  and  then  a  mixture  of  ferrous  an' 
ferric  sulpliate,  a  precipitate  of  hydrated  ferric  and  ferrous  oxi 
is  occasioned,  which   when  treated  with  excess  of  hydrochlorio] 
acid  leaves  Prussian  blue.     The  reaction,  omitting  the  water  ol 
hvdrati(jn  of   the  oxide,  may  be  thus  rejiresented  ;  18  KCv  4- 
2'Fe,e.,  8  FeO  +  18  II CI  =  IS  KCl  +  9 11,0  +  Pe.,Fe,Cy,..    lliia 
tast  miiy  be  moditied  by  heating  gently  the  susj>ected'  nuxtnre 
with  sulphuric  acid,  and  suspending  in  the  Hask  or  retort  for 
few  minutes,  a  piece  of  paper  moistened  witli  a  solution  of  (Xitash 
on  dro]>j)iiig  a  weivk  solution  of  the  mixed  sulphates  of  iron  upoi 
the  pajier,  and  immersing  it  in  diluted  sulphuric  acid,  hydrocvanii 
acid  may  Ije  recognised  by  the  formation  of  Prussian  blue  wh 
very   minute   traces   only   are   present.  —  3.  Let  the   liquid 
acidulated  with  a  few  drops  of  hydrochloric  acid,   place  it  in 
watch-glass,  and  let  a  second  watch-glass   be  inverted  over  i 
moistened  with  a  drop  of  a  solution  of  sulphuretted  hydrosulphat 
of  sulphide  of  ammonium  (containing  bisulphide  of  ammoninra) 
aAer  a  few  minutes  let  the  upper  watch-glass  be  removed,  am 
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liquid  lie  evaporated  to  drrnoiis  by  steam  heat ;  2  IT.XS  + 
2j  =  H^NC^^S  +  H.XHS  ;  let  tlie  dry  residue  be  treated  with 
injp  of  tt  weak  solution  of  ferric  chhjride  ;  a  red  gulphocyauide 
f  in.»n  is  formed  under  tlieae  eircunistances. 
\  The  cvauides  of  iron,  cobalt,  clironiiuin,  platinum,  and  some 
Iher  inetak,  form,  with  the  cvaniilos  of  the  alkalies  and  the 
knhs,  ctimjx>uuds  of  a  j^eculiar  charncter,  in  which  the  presence 
f  the  iron,  or  the  cobalt,  &c.,  cannot  be  detected  by  the  usual 
ti\A  for  these  metals.  Some  of  these  compounik  are  of  consider- 
kble  Importance,  and  will  l«e  n<>ticed  at  a  future  point. 
j  (5tJ4)  Cyanic  Acid  :  HCyO,  or  HO,CyO=43.— If  cyanogen 
ps  be  pa^ised  into  an  alkaline  solution,  a  change  ensues  something- 
Inalogous  to  that  which  occurs  when  chlorine  is  similarly  treated, 
pyjuiide  and  cyanate  of  the  metal  being  produced ;  but  tne  cyanic 
kcid  contains  a  smaller  proportion  of  ox\'gen  than  chloric  acid 
floeb ;  Cy,  +  2  K  n  e = KCy  +  KCyO + H.O.  If  carbonate  of  potas- 
^om  be  heated  in  cyanogen  gas,  a  mixture  of  cyanide  and  cyan- 
iBteof  pot&3sium  is  formed,  whilst  carbonic  anhydride  is  set  tree : 

x.ee. + Cy, = KCy + KCy  e + eo.. 

Cyanate  of  potassium,  however,  is  better  prepared  in  a  state 
■of  parity,  by  fusing  the  cyanide  of  ptttjissium  in  a  orucilile,  and 
•doing  litharge  (oxide  of  lead)  in  small  quantities,  till  the  o.\ide 
i ceases  to  be  decomposed  ;  KCy  +  PbO  —  K CyO  +  Pb.  The  cyan- 
lite  la  easily  separated  from  the  reduced  load  and  the  excess  of 
loride  of  lead,  which,  from  their  superior  density,  sink  through  the 
!  melted  mass  to  the  bottom.  Another  method  of  preparing  the 
imnate  of  potafisinm  consists  in  heating  an  intimate  mixture  of 
2  parts  of  thoroughly  dried  ferrocyanide  of  potassium  with  1  ]>art 
of  finely  powdered  anhydrous  black  oxide  of  manganese  :  the 
mixture  is  placed  upon  a  sheet-iron  plate  and  heated  to  dull  red- 
inesB,  and  the  mass  is  kept  constaTitly  stirred.  The  oxidation  of 
the  cyanide  is  effected  partly  at  the  expense  of  the  oxygen  in  the 
oxide  of  manganese,  psutly  of  that  in  the  atmosphere.  AV^heu  the 
combustion  has  ceased,  cyanate  of  potassium  may  be  dissolved  out 
of  the  Residue  w^itJi  hot  alcohol,  from  which  it  crystallizes  in  deli- 
quescent plates  as  the  solution  cools. 

Cyanate  of  potassium,  if  kept  dry,  may  be  preserved  without 
change ;  but  so  unstable  is  the  cyanic  acid  when  uncombined  with 
»  fixeil  bitse,  that  on  attempting  to  separate  it  from  the  cyanate 
ot'potaKiiura  by  the  addition  of  sulphuric  or  any  other  strong  acid, 
traces  of  it  oidy  are  obtained :  a  brisk  eiiervesconee  ensues, — each 
[•torn  of  the  cyanic  acid  assimilates  the  elements  of  water,  and  is 
«lm<i6t  entirely  resolved  into  1  atom  of  ammonia,  which  remains 
lin  cftinhination  with  the  acid  employed  in  decomposing  the  cya- 
nate, and  1  atom  of  carbonic  anhydride,  wliich  escapes  with  efler- 
vcsccncc ; — 


CTsnftUof 
poloMtam. 


Bnlpbits  of 
unmonlum. 


Balpbats  of 
poUHlam. 


■t-  2  Kt'Ne  +  2  H.e  +  (n.Nj.se,  +  k^so,   +   2  ee,. 
onic  acid  mar  be  otherwise  procured :  viz.,  by  di6t\\\\n^;i 
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cyanuric  a^d  (H.C'jN.O,),  which  is  a  cnretallizable  add 
stance,  1  atom  of  which  ef»>itain&  exactly  the  Bame  c?Iementa 
atoms  of  CTHTiic  acid.     When  this  coinpoimd  is  sealed  np  in  i 
bent  glass  tiit^e,  one  limb  of  wliich  is  kept  cool  whilst  beat  is  a{h; 

{)lied  to  the  cjannric  acid  in  the  other  hmb,  a  limpid,  eolomlw 
iquid  distils  over  and  is  condensed.  The  eyannrie  acid  is  Hked^ 
wholly  converted  into  pure  cyanic  acid.  Cyanic  acid  in  ita  tSD| 
may  be  converted  into  the  cyannric,  for  if  eyanate  of  potassinai 
be  decompo»ied  by  the  addition  of  half  its  equivalent  of  acetic  acid, 
an  acid  cyanurate  of  pota^sinm  is  fttrmed.  ^ 

Cyanic  acid  has  an  extremely  pnngent  odour,  and  is  veiy  Tobn 
tile ;  its  vapvmr  attacks  the  eyes  powerfrilly,  Mid  when  hqnid  }t 
acts  as  a  powerfiil  caustic  if  incaiitionely  dropped  upon  the  ddnJ 
It  is,  however,  iuif»oe&ible  to  preserve  thie  compound,  for  in  t^j 
■course  of  a  few  hours  it  changes  ^pttntaneously,  ■with  evoltitiun  rf 
heat,  into  a  white  enamel-like  ma^,,  which  is  permanent  in  tl»! 
air,  insoluble  in  water,  and  det^tnte  of  aeid  propertieg.  To  tliB 
body  the  name  of  iyattufid  has  Iteea  given  :  it  has  the  same  ct»\ 
tesimal  eoinposition  &g  the  hydrated  cyannric  and  cyanic  acidg. 
Cyamelid  may  alto  Ite  obtaine^J  by  triturating  eyanate  of  pot» 
slum  with  cn&tallized  oxalic  acid  and  wafihin^t  out  the  solvbl^ 
oxalate  of  iKn'taiS^iuin.  It  may  be  converted  bvlieat  into  hydrated, 
evanic  aciu ;  and  if  boiled  with  a  solution  of  potash,  ffrado^y  i 
Yields  cyanurate  of  the  base ;  oil  of  vitriol  decomposes  it  into  est- 
IxMiate  of  ammonium,  A  solution  of  eTanic  acid  in  water  quicUj 
KHvmes  deeomjH»3ed  into  earbonnte  of^  ammonium  and  urea. 

St^lution*  of  t!ie  soluble  eyanate*  give  white  precipitates  villi 
?*Mution>  of  the  ?«lts  of  lead,  of  silver,  or  of  suboxide  of  nserenrr; 
thcv  yield  no  precipitate  with  ^>lntion  of  corrosive  sublimate,  W 
with  the  M'hitHHis  <»f  •falts  of  itva  or  of  tin.  With  nitrate  of  coj*- 
|vr  thov  jxjvt"  a  greenish-biviwn  precipitate,  and  with  terchloriw 
of  srv'M  a  Irown  ]*nx'ipitate. 

<^r><'.'>>  Fiij^iNio  AaiK^^ — Be^des  the  remarkaWe  oxides  ofcT- 
ani>5r^Mi  already  nseniione»i.  there  i~  am.^her  acid  wtidi  yields  on 
a«;dy>i>  tht-  f^nie  ^>erHfe'nt«ge  »>f  its  components  as  erunelid,  aii^ 
the  cyanic  snd  cvamurie  aciifev  tboiurb  it  p»is«esces  propeitieB  1© 
tally  ditlervni  fro«i  any  of  them,  its?  octmpounds  ejrplode  wit! 
iVarful  violence.  By  diis»vlvinsr  1  cr»in  of  silver  in  3t"  grmins  d 
nitric  acid  diluted  with  aK>ut  5«>  of  alct>bol.  the  new  compound  i 
doivv:t«.\l  in  crv>iai>,  which,  when  dry.  detonate  with  the  slu^l 
t>?.t  iriolion :  they  ^vn>i>t  of  ^Asr,t^,X,t>,V  The  reaction  by  wmd 
tht>  >valt  i>  pnxhu-exl  i?  ivinpliv'ntcri ;  the  nitrogen,  however,  is  dl 
rivovl  frv>m  the  nitric  acid.  .>iiivi  the  v'turK^n  frv»m  the  aleohoL 

Fnltninic  .scid  hA>  uvH  Kvn  ol»tainevl  in  an  isolated  form ;  o 
attcmptiuir  to  *ejv*rste  it  tr\^u  it*  salts,  by  a  more  powerful  ad 
it  i>  rctj^^h-ed  intv>  hydrvvyanic  acid  and  oth«r  bodiesv.  Alloao 
will  again  be  made  to  tliKP  tuhmnates  when  other  oampoimdR  « 
evjino^en  are  A»^**^*AaMflttr^^yq^"'^^**P°^*^^"™'" 
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I  the  fulminates  are  boiled  with  a  eolution  of  chloride  of 
>r  of  chloride  of  potassium,  the  acid  is  converted  into 
Mother  isomeric  compound  termed  ieoeijanuric  or  fulminurio 
odd.    This  body  ia  but  very  slightly  explusive. 

(oM)  IsvmirUm. — The  properties  <j1  these  nxides  of  cyanogen 
mrve  clearly  to  show  that  mere  identity  in  ultimate  composition 
knot  gulficient  to  produce  identity  of  chemical  character  or  pro- 
lerties ;  they  place  the  doctrine  oi  isomerUm-  (or  the  existence  of 
oomjtonnds  iaentical  in  ultimate  composition,  but  ditferent  in 
chemical  properties)  in  a  striking  point  of  view.  Nuuieroiis 
WL<*r  instances  will  occur  as  we  puitiue  further  the  study  of  the 
difl'erent  compounds,  not  only  of  cyanogen,  but  of  other  bodies, 
ud  particularly  of  those  which  form  the  subject  of  organic 
diemiBtry. 

There  are  varifras  forms  of  isoraprjsm  ;  in  some  cases  we  have 
no  clue  u>  the  probable  ditierenoos  of  molecular  arrangement :  in 
Cithers  there  is  every  reason  to  suppose  that  the  arraniremeiit  of 
''     '  ny  molecules  is  on  a  totally  different  plan  ni  the  two 

are  compared.  Hydrate*!  cyanic  acid,  fur  iiii^tance, 
nuj  be  represented  as  hydrated  oxide  of  cyanogen ;  whilst  it  is 
certain  that  in  cyamelid,  which  is  insoluble,  and  presents  notliing 
of  the  acid  character,  the  arrangement  of  its  cinistituenth^  t^  quite 
different.  Isomeric  compounds,  the  equivalent  numbers  of  which 
ITB  identical,  are  said  to  be  metaTneric.  In  other  cases,  the  diti'er- 
ences  in  the  properties  of  bodies  which  contain  equal  anionnts  uf 
their  constituents  in  100  parts,  may  be  simply  explained  iiimn  the 
Mppoaition  tliat  in  the  diiferent  conqiounds  the  state  of  wmdeii- 
tttion  of  these  elements  is  different ;  bodies  supposed  to  be  thus 
citiwtitnte«l  have  been  XermnA  mlyineric. 

The  table  on  p.  2H0  contains  a  list  of  several  different  ]H>ly- 
Bimc  compounds  of  carbon  and  hydrogen  which  contuin  tliese 
two  elements  in  the  proportion  of  1  atom  of  carlton  to  2  atoms 
<i  hydrogen.  Each  of  these  bodies,  however,  pi>ssesses  proper- 
iliar  t(»  it«self:  and  if  ecjunl  vohunos  ttf  tlie  vapour  of  eiich 
i^ired,  it  will  be  IViuud  tliat  the  t-letnents  have  umk'rgone 
*lili'erent  degrees  of  condensation  in  theditt'eront  comfxiunds.  As 
the  density  of  the  vapour  iucre:ises,  it  has  liwn  olir<orvcd  that  the 
hoiliug-point  of  such  as  are  liquid  rises  y>ro]>ortii>nately.  Su{> 
puiing  that  one  molecule  of  each  conq)ound  gives  off  2  voluuu.^ 
of  vapour,  the   formulae  will   be   such  as  are  contained  in  the 

Ki  un  the  following  page. 
D  this  series,  oil  giis  lias  double  the  density  of  ethylene,  and 
e  it  must  contain  in  the  same  volume  of  vapour  twice  as 
inauy  elementary  atoms.  In  like  innuniT  niiphtheue  will  eontiiiu 
twice  as  many  atoms  as  oil-gas,  ami  four  times  as  many  as  ethy- 
lene, and  cetylene  again  will  contain  doulde  the  number  of  atoiua 
uf  carbon  and  hydrogen  in  the  same  volume  of  vapour  as  naph- 
ihenc. 

(507)    Pabactanooek   (0,N,). — The   ordinary  operation  of 
'  I  ij  cyanogen  o-as  fro/n  evH»7/de  of  mcTciiry  afford:^  a  s:oo<i 
•a  uf  poljrumrh  isomerism.     Ai'ter  the  mercury  aud  l\i« 
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gobBtencw. 


OleflBut  gas  (Ethylene) 
Propylene  (Tritylene)  . 
Oil  pa«  (Totryleue)  .... 

Amyleno 

Caproytene  (Hexaline). 

Heptyleno 

Naphthone  (Octylenu). . 

Eloeno  (Nonylebe) 

Paramyloue 

Cetylene 

Cerotylene 

Heliasyleoe 


Formula. 

Dcntltr  of 

T«poar. 

Mai.  ToLrrTi 

ObwrTwl 

CWcnUlnd. 

e,H4 

0^78 

0-967 

e.H. 

1-498 

I -45 1 

e,H, 

1-8&2 

1-934 

« 

^«Hio 

2-386 

2-418 

102 

e.H., 

2  ■SI  5 

2^2 

131 

^'tH., 

3-385 

122t 

^»Hii 

3-90 

3-8(38 

2S7 

e.H„ 

•1'48 

4-351 

€ioH„ 

6-061 

4-836 

S20 

€>iiiH,t 

8-007 

7-736 

5» 

<?»lH5» 

12-159 

€,.H., 

14-508 

cyanogen  have  lieen  expelled  from  the  glft»s  retort,  there  alv 
remains  a  certain  quantity  of  a  brown  matter,  composed  of  nit 

fen  and  carbon,  t-oiubined  in  the  pame  proportions  as  in  cyaiio 
-'aracj/aTK/ffcn,  a.s  this  lirown  itody  is  called,  is  insoluble  in  wati 
it  is  neither  volatile  nor  t'li&ible,  bnt  like  cyanogen  it  enters  in| 
eombiTiation  with  other  elementary  bodies,  though  the  coiui 
tioii  of  these  compound.-^  has  been  as  yet  hut  imperfectly  &taaie 
In  paracyanogen  the  carlion  and  nitrogen  arc  more  condcnsi 
than  in  cyanogen  ;  so  that  if  we  regard  cyanogen  as  conij>o«e»1( 
ON,  paracyanogen,  according  to  the  experiments  of  Juhntto 
would  consist  of  C.N,,  its  combining  number  being  three  tinM 
tliat  of  cyanogen,  and  tlie  elements  which  compose  it  being  r" 
compactly  unite<l. 

(5(»S)  Chlokioes  of  Cvanooen. — Chlorine  forms  with  cj 
gen  three  jHilynieric  cotnponnds,  all  of  which  are  highly  poisonon 
one  is  gat^eoiiK  at  the  ordinary  temperature  of  the  air;  the seooD 
is  liouid,  and  the  third  is  solid. 

The  f J  meow*  Chlorhhof  Cyano^m  (CyCl=ni-5 ;  Sp.  Gr.  2-1S4 
Mnl.    Yol.    \    ni)  is   colourless:  it   has   an   intolerablv  nnncd 


odotir,  and  irritates  t!ie  eyea  powerfully ;  at  0°  F.  it  condense? 
long  prismatic  needles,  which  fuse  at  5°.     Two  volumes  of  the 
gas  contain   1   volume  of  chlorine  and  1  of  cyanogen,  nniti 
without  condensation,  so  that  its  composition  may  be  thus  rep 
seated : — 

By  Totnnw.  Bp.  ^. 

1  or  0-6  =    0-900 
1        06  =    1-226 


By  welghL 

CTanoRen Cy  =  26      or  42-28 

Ciilorino CI    =  35-5  67-73 


Chloride  of 
Cjranogfn 


CyCa  —  Gl-5         100-00   2         10  =    2*128 


Gaseous  chloride  of  cyanogen  is  freely  soluble  in  water,  in  etl 
and  in  alcohol ;  the  solution  has  no  acid  reaction,  and  does 
precipitate  nitrate  of  silver.  It  is  obtained  readily  by  trausrn  _ 
ting  a  current  of  chlorine  through  a  retort  containing  a  mixture  of 
powdered  cyanide  of  mercury  and  water  cooled  to  §2°  by  immer- 
sion in  melting  ice :  the  chloride  of  cyanogen  is  dis^iolved  by  the 
water ;  from  this  solution  it  may  be  expelled  by  the  application  of 
A  ^ntJe  heat,  and  may  be  coWecled.  o\et  ttvextwrj.    k.'i«Rit<Ji\Mj,tc 


^ 


J 


K 

I^^BloX',  the  t^aseooa  ckloride  of  cyanogen,  if  liquefied  under  the 
i^^Bore  of  its  o»^^  vapour,  and  preiserved  in  tube*  heniieticall> 
^^Hmd,  he<^nies  gra<.lually  courerted  into  a  crystallized  maiss  of  the 
loUd  chloride. 

Liquid  Chloride  of  Cyanogen  (Cj,Cl,=123;  MeUing-pU  19'; 

B<''<y>Tiij-pt,  01")  is  procured  by  exposing  diluted  hYdrocyaiiic  aci<l 

to  32°,  to  a  gentle  current  of  chlorine.     After  a  while,  a 

i  bf  a  liquid  lighter  than  water  is  formed,  and  partially 

distils  over  into  the  receiver,  which  inuat  be  kept  at  82'^.     Thia 

liquid  must  be  washed  with  ice-cold  water,  and  agitated  iu  afroez- 

Jnj»  iiaxture  with  red  oxide  of  raereury  to  remove  the  excess  of 

ehlorine  and  hydrocyanic  acid,   after  which  it  is  rectltied  from 

chloride  of  calcium  (Wurtz).     A  very  mobile  colourless  liquid, 

isith  an  excessively  irritating  odour,  resembling  that  of  the  gsine- 

ou*  chloride,  is  thns  obtained ;  it  is  converted  iuto  a  crytiUiUine 

inaas  at  I'J^.     Liquid  chloride  of  cyanogen  is  not  soluble  in  water, 

bat  is  freelv  soluble  in  alcohol. 

Sdid    'Cftkmde  of  Cyanogen   ((^-,01,= 184-5) ;    Sp.  Gr.   of 

Vapour,  (5-39 ;  Mdiin^-pt,  284°;    Jioiling-pt.  374'';    Mol.    Vol. 

\_\_i — This  substance   crystallizes  in   white  needles.     It  lias  a 

■able  odour  like  that  of  mice.     The  vapour  of  this  eum- 

-  three  times  a.s  dense  a.^  that  of  the  guse<ms  chloride  ;  it 

"  contains  3  volumes  of  chlorine  mikI  'A  of  t-yiinogen  con- 

;  into  the  space  of  2  volumes.     This  chloride  is  but  sparingly 

loluble  in  water,  thougli  it  is  freely  taken  up  by  ak-nhol  and  by 

tther.     Tlie  solid  chloride  of  cyanogen  may  be  prepared  by  decoin- 

p*ing  concentrated  hydrocyanic  acid  by  exjH»sii!g  it  in  a  glass 

Tfesefwith  an  excess  of  dry  chlorine  to  the  direct  rays  of  the  sun. 

(JOS  a)  Bromine  and  iodim?  form  solid  crvstalliiie  compoiuida 

with  cyanogen,  corrcjsjwnding  iu   corapositiou  w"ith  the  gaseous 

chliiride  ;  they  may  l>e  obtaiued  by  distilling  cyanide  of  mercury 

(ritJi  bromine  or  with  iodine. 

Cyanogen  combines  directly  with  Bulphuretted  hydrogen  in 
two  proi>ortions  if  the  two  gases  are  mixed  in  the  presence  of 
moisture;  the  first  2  ON,H,fcj,  forms  yellow  crystals  soluble  in 
vrater,  alcohol,  and  ether;  the  second,  2 0X,'21T,S,  is  formed  when 
•I'H  with  an  excess  of  sulphmetted  hydrogen  is  tr!in>itiifted 
•  ihol:  it  forms  orange-red  crystals  sparingly  soluble  in  cold 
Wiit^^r.  but  freely  Siduble  in  hot  water,  In  alctiliol,  and  iu  ether. 
When  these  compounds  are  boiled  with  dilute  alkalies,  water  ia 
Uken  up,  and  oxalic  acid,  aunnunimu,  and  sul]ihuretted  hydrogen 
we  fijrmed  :  the  second  compound  corresponding,  iu  tUct,  to  oxa- 
mide  in  which  6uli>hnr  Inis  taken  the  ])lace  of  oxvgen  ;  for  exam- 
ple, e.y.lI.S,-!-  4  H,e=(II.N),e,<^>,+  ^^  JJ,S.  As  win  be  seen 
Iier^after,  cyanogen  is  the  nitrile  of  oxalic  acid. 

(503)  There  are  other  important  compounds  of  cyanogen,  the 
consideration  of  wliich  will  l)c  more  jtdvautageously  pursued  here- 
after; it  will  be  sutfirient  at  this  point  to  indicate  some  of  their 
leading  chemical  peculiarities. 

Cyanoflfen,  as  we  have  seen,  enters  into  combination  with  tho 
non-nietamc  element  as  though  it  were  itself  au  elementary  body 
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In  this  manner  bodies  such  as  the  chlorides,  the  bromidc-ji,  an< 
iodides  of  cyanogen  may  be  obtained  ;  they  form  well-del.^ 
coniiwundis,  wticu  do  not  exhibit  any  special  tendency  to  unit 
Arith  other  elements.  In  other  cjises,  liowever,  it  is  important  t4 
observe  that  many  of  the  compounds  to  which  cyanogen  give 
are  themselves  endowed  with  the  property  of  uniting  afrain^  _ 
tliough  they  were  simple  bo<lie8,  witn  other  elements.  "With  eul 
phur,  for  example,  cyanogen  forms  a  t.ulj)hide  (€^NS),  which,  il 
combination  with  the  mct«ls,  peilbrms  tlio  part  of  a  compound 
radicle,  usually  terme«l  sulphnt'ijanoytta  (Scy).  and  whi<-b  i>nfduc 
a  series  of  salts,  termed  sulphocyanides,  many  of  whicli  niav 
crystallized;  of  this  the  sulphocyanide  of  potii^-^ium,  K€^I 
K,Scy,  furnishes  an  instance.  Similar  compound  radiclesi 
furni.shed  also  by  the  union  of  cyanogen  with  lunny  of  the  metal 
themselves ;  in  this  way  Iron  in  the  f'err<H-ynnkhji  and  cobalt  an^ 
chromium  in  the  cohtltici/anhh'H  and  r/iroi/iiri/tt/iH/fn,  form  each  i 
compound  grouj>,  or  salt-radicle,  which  when  it  unites  in  its  tur 
with  other  metals,  performs  the  functions  of  a  simple  body,  suet 
as  chlorine  or  iodine  :  an  example  of  this  is  seen  in  the  well-knowi 
yellow  prui%siate  of  potash,  or  lerrocyanide  of  pi  it  as^iiuu  (K^Fe<-^y,| 
m  whicli  the  compimnd  of  iron  and  cyanogen,  FeC'v,,  is  uonsidcfuC 
as  a  compound  radicle  known  as  fetrocyuuogen  (Fey). 

§  V.  General  Resiaeks  on  the  Discwmikation  of  tdk 
Gases  fkom  each  otueb. 

(510)  Having  now  described  all  the  gsiseous  compounds  whit 
are  of  any  considerable  importance,  with  tlie  exception  of  two 
viz.,  arscuiTiretted  hydrogen  and  ftntimoniurcttca  hydrogen, — il 
will  l»e  advantageous  to  take  a  brief  review  of  their  general  <'lui 
actei-s  before  passing  to  the  consideration  of  the  mctab  and  the 
compouTidB.* 

There  are  about  30  bodies  which  are  permanently  gfl»eonii 
the  mean  temperature  of  the  atmosphere.     Several  uf  thc^ip  ct»ri 
pounds  are  met  with  in  the  uncombined  form  iu  the  atiiio^jibci 
eitiior  unifomdy,  or  under  particular  circumstances  not  of  uafr 
qttent  occurrence:  these  gases  are  oxygen,  nitrogen, carb<^nic  an^ 
sulphurous  anhydrides,  hydrosulphuric  a(!id,   ammonia,  and  occi 
eionally  carbonic  oxide  and  light  carburetted  hydrogen.      Gc 
rally  speaking,  the  ditferent  gases,  when  pure,  are  readilv  distir 
guished  from  each  other  by  some  well-markrd  physical  orclien»i< 

1»ro]>erty.     The  few  gases  which  are  coloure<l  are  at  m       ' 
)y  the  peculiarity  of  their  tint,  conjoined  with  their  ' 
odour:  in  this  manner  peroxide  of  nitrogen,  chhiriii*',  liypm 
ous  and  chlorous  anhydride,  peroxide  of  chlorine,  and  vaj 
bromine,  are  at  once  recognised. 

♦  MfthTl,  ethyl,  and  trityl,  withthiir  .m  yrcll  n«  ' 

are  oocn.sionally  present  in  conl-ztis.  bui  U  hcrp  •"• 
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liinv  ga^ee  have  a  peculiar  and  characteristic  odour.     Somu 

ie  most  important,  liowever,  including  oxygen,  nitrogen,  liy- 

carbonic    auliydride,   cai'bonic   oxide,   light  carburefted 

_  >n,  olefiant  gas,  and  nitrous  oxide,  possess  httle  or  no  odoiu*, 

require  other  meaus  for  diBcriminatiug   them  from  each 

,(611)  In  order  to  aid  the  operator  in  (listinguishing  the  differ- 
i gaiKS  from  each  other,  Tlienard  divided  them  into  fuur  groups, 
I  WTungeinent  being  dependent  upon  the  action  of  a  solution  of 
upon  them,  conjoined  with  the  occurrence  or  the  alttseiice  of 
jostiuu  on  the  upplicatiou  «>f  a  liglited  match  to  the  ga-..  The 
edou  of  piitajsh  is  ascertained  by  admitting  a  tew  dnip-sol"  as<>hi- 
tionof  putiish  intu  a  test-tube  tilled  with  the  gas,  and  standing 
over  iQercurj :  oa  agitating  the  contents  of  the  tube,  it  is  inune- 
diately  obWous  wiiether  any  absorption  occurs.  The  application 
of  a  liglited  match  to  another  stmdl  tube  tilled  witli  the  gas  shows 
vk'tlier  it  bo  inflammable,  or  wiiether  it  extinguishes  or  BUpporta 
oomiiustiiiu. 

Tbe  four  groups  of  gases  which  are  formed  by  the  application 
of  tLuse  test*  are  the  following : 

1.  Gases  -which  are  absorbable  by  potash,  but  which  are 

not  inflammable, 

2.  Gases  absorbable  l)y  potash,  but  which  are  inflammable. 

3.  Gases  not  absorbable  by  jiotash,  and  not  inrianiiiiable. 

4.  Gases  not  absorbable  by  jiotash,  which  are  iiillaniniaMe. 

W^e  proceed  to  point  out  briefly  the  characters  of  the  compo* 
nents  <»[  each  group, 

[oli)  l.~Ga«€^  which  are  ahsorhahle  by  l*oiaah^  but  are 
fid injlami/uif/le ,'  these  are  15  in  number: — viz., 

1.  Hydrochloric  acid 


9.  Nitrous  anhydride 

10.  Pcrosi<le  of  ch!i.>rino 

11.  Chlorous  iudiydride 

12.  Ilypuchlurous  anhydride 

13.  Chi  or  me 

14.  Carbonic  anhydride 

15.  Chloride  of  cvanoifen. 


2.  Hvdrobromic  acid 

3.  HydritKlic  acitl 
1  Fluoride  of  silicon 

5.  Fluoride  of  boron 

6.  Cliluride  of  boron 

7.  Oxychloride  of  carbon 

8.  Sulphurous  anhydride 

Of  (he&e  gases  each  of  the  fir?.t  eleven  reddens  litmus-piii]ier 
wlieii  moistened  and  plunged  into  it,  Hypocldorous  unbydride 
sud  chlorine  destroy  its  colour,  and  bleach  it  entirely.  Carbonic 
auLvdride  is  nearly  without  actinru  and  cliloride  of  oyanogm  ]jn>- 
•liimi  no  etfect  upon  its  colour.  The  tirst  six  gases  funic  strongly 
wlien  mixed  with  the  air,  owing  to  their  action  uu  the  iiioi>fure 
whicli  it  contains  :  the  solutions  in  water  of  hydroL-hloric.  liyilro- 
bromie,  and  hydriodic  acids  are  iiuniedJately  distijiguished  by  the 
usual  tests  for  them.  Eacli  gas  also  presents  certain  pecnliaritied 
— riz.,  1.  A  small  quantity  of  chlorine  j)roduces  no  cliangc  in  the 
Imlrotthloric  gas  ;  2.  In  hydrobroniic  gas  it  occas^ions  the  sepura- 
tioa  of  red  fumes  of  bromiHy ;  awl  3.  In  the  hydriodic  gas  violewt 
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t'nincs  of  iodine  appear.     4.  Fluoride  of  silicon  is  re-  1 

the  gelatinous  deposit  of  silicA  which  whUt  prodiw  >  ihoj 

gas  16  dissolved  in  this  liquid.     5.  The  Huuride  of  boioii  j»n>\liK'e»| 
ft  gelatinous  precipitate  in  a  solution  of  potash,  but  nut  in  piu»| 
uatef.     (?.  Cliloriae  of  boron  is  deeomposed  by  water  iut.»  hydr 
chloric  and  boracic  acids,  wlu'ch  may  be  recognifie«l  in  the  t^iilution 
by  the  approjiriate  tests.     7.  OxA'cliKiride  of  carbon  hiis*  n  p<.H'u]iar,| 
])ungent  wlour,  and  is  decompos(;»d  liy  water  into  hydrochloric 
acid  and  carbonic  anhydride.     8.  SuljilmrouH.  anhydride  i^  inime 
diatf'ly  recognisc<l  by  the  sutl'ucatiiiL'  odour  of  a  burning  sulplii 
match:  it  is  al)Siorl»ed  by  the  peroxide  uf  lead,  and  a  white  iul- 
pbate   of  lead    is   formed.     U.  NitrmiH  anhydride   ii»  sutlicientl) 
characterized  l»y  its  colour  ainl  ])ecidiar  cnlour ;  and  lO,  the  funit 
may  be  remarked  of  i>eroxide  vf  chlorine.    1 1.  ( -hlorous  anhydride 
has  a  greener  tin<;e  tlian  the  peroxide  of  chlorine,  and  it  yiek 
a  Ivriglit  ycliciw  ri<iIution  when  dissolved  in  water.     \ii,  llyptnibl 
rous   anhydride  has  the  odour  of  the  bleaching  compouiuU  ofl 
chlorine  with  the  alkalies  and  earths,  and  it  rapidly  der«tnj>T 
vegetable   cidours;  thest!   three   oxides  of  chlorine  detonate  bjl 
tlie   aijplication   of  a  temperature   bobiw  that  of  iKiiling  water,j 
1*3.  Chlorine  is  distinguished  by  its  green  colour  and  remarkable 
od(.mr,  by  its  bk-iu'hing  action  on  vcgetalde  OidourH,  and  bv  it4 
sparing  solubility  in  water,  "which  takes  up  alH>ut  twice  its  ImUc 
of  the  ga.>5.     14.  Carbonic  aidiydride  extinguishes  tlanie.  rendei 
liuic-water  turbid,  an<l  is  soluble  in  about  its  owti  bulk  of  wutcr^ 
15.  Chluridi'  of  cyanogen  is  recognised  by  its  j)ungent  odoui",  aoc 
its  peculiar  irritating  etfect  on  the  eyes. 

(513)  2. — 6Vf^f«  ufix'/rhuUe  hy  Potash  and  mflainmalU ;  tlic 
are  only  4  in  number  : — viz., 


1.  Stilphuretted  hydrogen 

2.  Seleniiiretted  hydrogen 


3.  Telluretted  hydrogen 

4.  Cyanogen. 


These  gases  are  recognised  with  grPRt  facility.     1.  Stilpharet^ 
toil  hydrogen  has  a  j)eculiar  tHlonr  of  putrid  eggs  ;  it  burns  wifl 
a  blue  Hame,  otb.Mi  attended  with  a  ili'posit  of  sulphur:  it  black- 
ens paper  soake<l  in  a  solution  of  acetate  of  lead,  and  is  dcconip<«i«*.Hj 
bv  moist  chlorine,  with  se}>aration  of  sulidiur ;  water  dirti^olvi 
about  twice  its  bidk  of  the  gas.     2.  Selemuretted  hydrogen  h* 
an  odour  analogous  to  that  of  the  preceding  gas;  it»  aipKs^ul 
solution  gra<bially  de])osits  selenium  in  the  form  of  a  rtnl  auiur 
phourt  precijiitate  :  it  ]>recipitatGs  salts  of  zinc  of  a  flesh-red  i*ul 
3.  Telluretted  hydrogen  is  also  dec<inip<isc<l  by  chlorine,  tvllin 
being  set  free,  and  subsiding  as  a  Itrown   ]>owder.     4.  ('vun< 
bums  with  a  rose-eilgcd  purple  flame :  it  hits  a  pt;netrating 
racteristic  «wlour.     If  mixed  with  an  eoual  volume  of  oxygCHj 

a  red-hot  platinum  wirv  Ik?  suspended  in  the  niixtnro,  retl  nif , 

f>nnes  arc  prixluccd  by  the  oxiuation  of  the  nitrogen  eontaine*!  ii 
the  giw. 

(514)  8. — Gases  ntit absorbaMe by  Pota«h,  andnotitiJlammahU^^ 
of  these  also  there  are  four — \'iz., 
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1,  Oxygen 

2.  Nitrous  oxide 


3.  Nitro<]:eTi 

4.  Nitric  aside. 


1.  Oiygen  is  at  once  distinguished  from  all  other  gases  hy  its 
fpropertj'  C"i:  kindling  a  glowing  match,  hy  its  power  oi  producing 
[Ted  fumes  when  mixed  with  nttrie  oxide,  and  by  its  insolubility 
I  tQ  WEter  when  agitated  with  it.  It  is  ahsorl)ed  by  moistened 
I'plwephonis ;  by  a  solution  of  suboxide  of  copper  in  ammonia. 
renderint;  the  colourlesa  solution  deep  blue  ;  and  by  a  solution  of 

tmgallic  ftcid  in  (jotaali,  the  mixture  becoming  of  an  intense 
ktre  colour.  Solutions  of  the  sulphides  of  the  alkaline  metals 
aki  alistirb  oxyf^en  rapidly.  3.  Nitrous  oxide,  though  it  rekindleff 
adiifliii!^  itmkrii,  is  disBolved  when  agitated  vrith  water.  3.  Ni 
frogti)  extingiii.-fhes  the  flame  of  burumg  bodies  ;  it  is  insoluble  ic 
■water,  and  does  not  render  lime-wjiter  turbid.  4.  Nitric  oxide  ia 
instsntlv  rocdgnised  by  the  red  t'uuiea  whioh  it  occasions  when 
mised  with  air  of  free  oxygon  ;  it  is  immediately  absorbed  by  a 
Bolation  of  ferrous  fiulpliate,  giving  the  liquid  a  deep  brown  colour 
wlen  ox)'^en  i^  present. 

(515)  4. — Oases  not  ahmrhalie  by  Potash,  which  are  inflamr 
ndkj  these  ga*es.  ai'e  7  in  number :— viz,, 


1.  Hvdrogen 

2.  Light  carburet  ted  hydrogen 

3.  Oleiiant  gaa 

4.  Oil  gas 


5.  Phosphuretted  hydrogen 

6.  Arseniuretted  hydrogen 

7.  Carbonic  oxide. 


1.  Hydrogen  is  inodorous,  if  pure ;  it  bums  with  a  feebly 
luminous  flame,  and  if  mixed  witli  half  its  volume  of  oxygen  pro- 
daow  water  either  by  the  transmission  of  an  eleetric  sparK,  or  by 
the  action  of  a  ball'  of  spongy  platinum.  2.  Light  carburetted 
liTdrogen  burns  with  a  yellowish  flame ;  it  is  not  acted  upon  if 
mixed  with  chlorine  over  water  and  screened  from  light,  and  is 
Dot  dissolved  by  fuming  sulphuric  acid.  3.  defiant  gas,  when 
mixed  with  an  equal  volume  of  chlorine,  even  in  the  dark  be- 
pomes  condensed  to  an  oily  liquid  which  is  insoluble  in  water ;  it 
•8  also  absorbed  by  perchloride  of  antimony,  and  by  the  Nordhau- 
sen  Bulphuric  acid :  it  burns  with  a  brilliant  smoky  flame.  4.  Oil- 
gM  is  soluble  in  oil  of  vitriol,  and  in  alcohol ;  it  burns  with  a 
orilliant  smoky  flame.  When  the  last  two  gases  are  mixed  to- 
gether, there  is  considerable  difficulty  in  identifying  the  existence 
of  each  in  such  a  mixture,  and  a  still  greater  difficulty  occurs 
when  methyl,  ethyl,  trityl,  or  their  hydrides,  are  present.  5.  Phos- 
phttretted  hydrogen  is  distiftguished  by  its  peculiar  alliacious 
odour;  it  burns  with  a  luminous  flame,  producing  white  fumes  of 
phosphoric  anhydride ;  solution  of  the  salts  of  copper,  silver,  and 
mercury  dissolve  it  and  form  brown  precipitates.  6.  Ai*seniuret- 
ted  hydrogen  is  decomposed  if  passed  through  glass  tubes  heated 
iiearly  to  redness,  a  ring  of  metallic  arsenic  being  deposited :  it 
hums  with  a  peculiar  white  flame,  and  deposits  a  brown  stain  of 
metallic  arsenic  on  cold  bodies  introduced  into  the  burning  jet. 
"  is  extremely  poisonous,  and  has  a  peculiar  odour  of  garlic.    It 
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may  be  (listinjiuished  from  antimoniuretted  hydrogen  by  method 
to  be  described  bereaftor  (846).     7.  Carbonic  oxide  bums.  witl»  a 
pale  blue  flairie,  produciug  eftrbonic  anhydriilo  ;  ir  i»  iiiMilublc  itt 
wuter,  and  in  di&riolved  by  a  solution  ul'  ciipreuiui  chluride  iu  hy- 
drochloric acid. 

(51«j)  General  PrincijiJi^  of  iJm  Anuli/siA  of  a  Mixture  of 
Gasee^ — In  a  mixture  of  gages  a  qualitative  oxuniiuatioa  niu^t  oe 
made  as  a  nreliuiinary  step,  in  order  to  ascertain  wjiat  ga^es  arc 
present.     It  is  of  course  needless  to  seai-cb  }i»r  tliose  which  mu- 
tually condense  or  decompose  each  other.     Thus  aiuraonia  wonM 
nut  be  found  in  a  mixture  which  contained  hydrochloric,  hydri- 
odlc,  hydrobromic  acid  gases,  nor  in  the  pre^sence  of  suiphurouis 
or  nitrous  anliydrides.     Oxygen  would  not  occur  lu  a  mixture  in 
which  nitric  oxide  was  present.     Neither  could  free  cldoriue  or 
its  oxides  co-exist  with  hydriodic  or  hvdrobromic  acid,  or  with   Jt 
oleliant  gasj  or  with  the  compuuuds  of  hydroojen  with  sulphar,  ^| 
selenium,  tellurium,  phos]»borus,  or  arsenic  :  chlorine  and  it*  ox-    ^« 
ides  arc  ciiimlly  incoinputible  with  ammonia. 

The  ci>nipk'te  analysis  of  a  mixture  of  different  gases  is  one 
of  the  most  (iclieate  and  ditiicult  branches  of  chemictd  analysis, 
and  it  is  not  intended  on  the  present  occasion  to  attempt  to  give 
more  tlian  an  idea  of  the  principles  on  which  such  au  otieration  ^J 
ia  conducted,  and  of  the  a]iparatus  bv  which  it  is  effeeteu.  ^| 

As  an  illustration  of  the  method  of  proceeding  we  may  take  ^^ 
Sase  of  frc'jia-nt  occurrence:  viz.,  the  detenni nation  of  the 
composition  of  a  sample  of  coal-gas.  In  this  gas,  the  ingredi- 
ents which  may  be  present  are  numerous.  These  are — 1,  hydro- 
cen;  y.  olftirmt  gas  and  other  heavy  hydrocarbons;  3,  liehl  car- 
hnretrc<l  liydrogcn  ;  4,  carbonic  oxide  ;  5,  carbonic  anhydride  ;  H, 
snlpliuretted  hydrogen  ;  7,  ammonia;  8,  oxygen ;  and  9,  nitrogeti ; 
the  last  two  (Icrived  from  the  atmosphere. 

A  <]nalitative  examination  is  made  thus: — the  proportion  of 
nnmionia  and  of  sidplmretted  hydrogen  is  usually  very  ndniite,  ^| 
and  in  most  cases  these  gases  must  be  sought  for  l>y  placing  the  ^f 
tests  for  their  presence  for  some  time  in  a  current  of  the  coal-gas.  ^ 
In  searching  for  ammonia,  a  piece  of  moistened  litmus-paper, 
feelily  reddened,  is  placed  for  a  minute  in  a  jet  of  the  issuing  gas; 
if  the  blue  colour  be  restored,  ammonia  is  present.  Paper  soaked 
ill  a  B<»Iution  of  acetate  of  lead  may  l)e  subjected  to  a  siniilitr 
trial :  if  it  turn  brown,  sulphuretted  hydrogen  is  present.  The 
presence  of  oxygen  is  detecte<l  liy  admitting  a  bubble  of  the  nitric 
oxide  into  a  tube  filled  with  the  gas  under  trial,  and  lookinj* 
through  the  tube  obliijucly  ujKin  a  sheet  of  white  paper ;  very 
Bumll  traces  of  oxygen  may  thus  be  detected  by  the  retl  lirjge 
produced,  ow  iiig  to  the  fi'rnuition  of  peroxide  of  nitrogen.  Cair- 
Ixinic  aiiliy<lrido  may  be  detected  by  the  turbidity  which  it  i>rt»- 
dnces  in  liTne-water  or  in  a  solution  of  ba.sic  aeetMtc  of  loan,  if 
thrown  up  into  the  gas,  whilst  standing  in  a  tube  over  mercury. 

The  existence  of  the  other  gases  may  b<  1,  for  thev  iirv 

certain  to  be  present,  in  <;fei»ter  or  ler<ti  , .     The  sulphli- 

retted  hydrogen  and  at  -^mull  in  aniottut  to  It* 
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oaiititatively  determined ;  but  supposincr  that  oxypen  hnd  car- 
btiic  anhydride  arc  found  to  be  present,  tlie  proportion  of  8e%'en 
tferent  gases  will  remain  to  be  ascertained.  The  folluvdug 
ethod  may  be  adopted  for  their  quantitative  detenninatiou: — 

1.  CarifO/iio  Anhudriile. — A  volume  of  the  gas  is  u<>nHne<l  ovet 
Dercury,  and  its  bulk  is  measured,  with  due  attention  to  teinpe- 
stiire  and  prei^ure.  A  pieoe  of  caustic  pota.'^h  whicli  has  been 
leUed  upon  the  end  of  a  long  platinum  wire,  to  serve  as  a  handle, 

introduced  from  below,  throufjh  the  mercury  into  the  tube, 
'iftertwoor  three  hours  the  potash  is  withdrawn:  the  amount  of 
tlie  absorption  indicates  the  proportion  of  cai'bonic  anhydi'ide 
Tfliich  was  present. 

2.  OkJi<iiU  Gas  and  Ileamj  IlydrQOitrhotvs. — These  gases  are 
sorbod  by  introducing  another  ball,  consisting  of  por<»us  coko 

Boisteued  with  fuming  sulpkuric  acid.  It  is  necessary,  however, 
rleliire  reading  ofl'  the  volume  of  the  gas,  t<»  iutroduf-e  a  l>all  of 
otash  a  second  time,  in  order  to  withdraw  the  vapour  of  sulphuric 
tthvdride,  which  possessed)  sufficient  volatility  to  introduce  a 
fious  error  by  dilating  the  bulk  of  the  gas  uiiIoas  it  Ih.*  com- 
llett'ly  remtjsx'd.  The  total  amount  cjf  al)sor]>tioii  will  indic-ato  tlie 
•ro|)ortion  of  olefiant  gas,  togetiier  with  the  vapours  of  condensible 
hjdrix^iirl  M  »us. 

3.  <yyyj/<?/i.— This  gas  is  tk^terniined  in  a  siniilnr  nianiier.  by 
Jtoiploving  a  bull  of  moist  phosjtiiorus,  which  must  l>e  ifft  iu  the 

i  for  twenty-four  horn's ;  the  fresh  diiuiautiou  in  bulk,  sbowa 
he  proportion  of  oxygen.* 

4.  Curhonic  Oxide. — The  accurate  separation  of  carbonic 
rOxido  from  the  other  gases  is  not  easiily  elFected.  The  gas  may  be 
nivided  into  two  portions,  one  of  which  is  to  bo  carefully  measured 

iitstjirxls  over  mercury,  in  tfie  jar  h,  fig.  285,  p.  53  ;  a  small 
luftntity  of  a  solution  of  subchloride  of  copper  in  hydrochloric 
cidiguext  added  by  means  of  the  syringe,  i,  and  the  mixture 
I  briskly  agitated ;  the  gas  is  then  withdrawn  by  means  of  the 
pipette,  also  shown  in  fig.  285,  and  transferred  by  its  means 

a  second  graduated  tube,  also  standinji'  over  mercury;  into 
kiii  tul)e  a  ball  of  hydrate  of  potash  on  the  end  of  a  platinum 

re  Is  introduced,  for  the  ]»ur]nise  of  absorbing  the  vapours  of 
ydhjchloric  acid  with  which  the  gas  is  saturated ;  its  bulk  may 
hen  be  read  ulf,  and  tlie  voluiae  of  carbonic  oxide  may  be  known 
'tlie  loss  in  bulk  which  it  has  experienced.f 

*  A  ban  of  coke  moistoned  with  a  conoautraccd  solution  of  potaslt  ant]  pyro;^llio 
1  nuj'ba  employed  lor  the  sumu  purport!:  tbc  abeorptioa  ia  this  case  is  mucli  more 

I  npe  of  pellets  of  approprinte  materials  mny  he  extended  to  other  pises :  for 
)^~SiUptnir<}iia  anhydruU  may  be  ab»orl>e<i  by  using  a  ball  of  raoiat<.'iied  [lerozide 

f';llmi'j;;tiH':«e,  or  of  peroxide-  iif  ItsuJ;  and  hydrochloric  acid  \a  rapidly  absorbed  by  a 

"11  ojjiHi»tlii)j;  of  orystiiUizfd  rhombic  phospluiio  of  sodium. 

♦  Tin-  absoTption  of  pases  by  liiiiiid  ronjtents  is  much  more  rapid  than  when 
^i^ityiiijii  ballfl  are  employed,  and  providwd  that  only  very  small  volumes  of  liquid  are 

.  llic  ri'9uit3  are  equally  accurate.     Thus  carbonic  anliydride  may  be  abaorl)ed 
""   I  of  a  coticentraiod  solution  of  caustic  potosh,  one  or  two  drops  of  which 
« ;  aad  oxygen  may  be  withdrawn  by  a  coucentrated  mixture  of  pyrogallia 
I  oaastic  potash. 
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5,  6,  7.  Nitrogen,  Carbureti^d  Hydrogen,  and  JTi/dro^n.^ 
The  determination  of  the  carhonic  oxide,  however,  may  beenccted 
along  with  the  (uirburetted  hydi'ogen  and  hydrogen  witUcmt  havnng 
rocoai'se  to  absorption.  Let  a  ponion  of  tlie  gas  in  which  iho 
carbonic  oxide  is  still  present  be  now  transferred  to  a  6i]ihon 
eudiometer  (tig.  2S1,  p.  44),  and  let  its  bulk,  V.  be  aecuratolv 
measured ;  then  add  about  twice  itj».  volume  of  oxvgen,  anJi 
measure  the  pas  a  second  time  ;  let  this  bulk  be  V, ;  V,— V  will 
give  the  vuluine  of  oxygen  which  has  been  added.  Let  V,  he 
the  bulk  of  the  gas  after  the  mixture  haa  been  exploded  by  the 
trausuiifipion  of  the  electric  spark:  V,  —  V,  indicates  the  dimi- 
nution in  liulk  which  it  has  experienced:  call  this  a.  Then 
inject  ii  sni.'ill  quantity  of  a  strong  solution  of  potash,  and  again 
note  the  voUiine,  V,.  The  absorption,  V,— \„will  be  due  to 
tlie  (luuntity  of  carbonic  anhydride  which  has  bot'U  fovnit-d ;  CJill 
this  0.  The  remaining  gas,  V  „  consiets  of  oxygen  in  exceino  and 
nitrogen.  The  quantity  of  oxygen  in  excess  is  ascertained  by- 
mixing  the  residual  gsxs  with  about  twice  its  bulk  uf  hydrogen, 
and  causing  the  electric  spark  to  pass  a  sccojkI  time.  Let  the 
volutne  of  the  mixture  before  tiring  be  V,  and  let  V,  Ih?  the 
bulk  after  firing:  V,— V,  will  represent  the  amount  of  con- 
densation :  and  one-third  of  this,  or  -'-^  will  be  due  to  the 
excess  of  oxygen.  On  dciluetirig  this  from  the  residue  V„  the 
ditference  gives  the  volume  of  nitrogen,  n  ;  V,— ''' g^'=n.  Tl»e 
difference  between  the  amount  of  the  oxygen  thus  found  to  be  in 
excess,  and  that  originally  introduced,  will  of  course  represent 
tlie   nnantity   of    oxygen   consumed;   call   this  c:    thus    V, — V 

__T4— V»  -— ^_ 

Assuming  that  the  temperature  of  the  gas  has  not  variod 
in  the  course  of  the  e.xperiment,  which  may  be  ensured  by  due 
precautions,  we  have  now  all  the  data  for  calculating  the  pro^>or- 
tit>us  of  carburetted  hydrogen,  of  hydrogen,  and  of  carbonic  oxjde, 
which  are  present  in  the  mixture. 

Let  X  represent  the  quantity  of  light  carburotte*l  hj-Jrogcn ; 
this  gas  requires  twice  its  own  volume  of  oxygen  for  couiplete 
combustion,  and  furnishes  its  own  volume  of  carbonic  aidiydride, 
which  requires  for  its  formation  an  c([ual  volume  of  oxygen,  or 
half  the  amount  consumed  ;  whilst  the  other  half  of  the  oxygen 
is  required  by  the  hydrogen  which  is  condensed  in  the  form  uf 
water ;  2  x  will  consequently  represent  the  diminution  iu  bulk  of 
oxygen  which  occurs  on  detonation,  due  to  the  amount  of  oftT- 
buretted  hydrogen  wliich  is  present. 

Again,  when  hydrogen  is  convert^jd  into  water,  it  rcquirvM 
half  its  luilk  of  oxygen,  and  lioth  are  condcnseil  entirely.  If  y 
repretsent  the  bulk  of  the  hydrogen,  ^  will  be  the  diminntiou  in 
bulk  of  the  mixed  ||;a$es  on  dotouatiou,  which  k  occyi»iouod  by  tlie 
hydrogen  in  the  mixture. 

Let  3  represent  the  volume  of  carbonic  oxide  present ;  car- 
bonic oxide  for  its  conversion  into  carbonic  atdiyaridc  rfqufrc* 
half  it*  bulk  of  oxvgen,  the  carbonic!  anbydrid**  itro<lncod  ooou- 
pving  the  same  bulk  as  the  carbonic  oxide,    y  will  thureforu  indi 
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Ite  the  condensation  which  occurs  on  firing  the  mixtore,  owing 

I  tJie  L'arl)Ouic  oxide  present. 
The  total  conden!<ation  in  Lnlk,  a,  which  occurs  on  firing  a 
tnre  of  light  carburetted  hydrogen,  hydrogen,  and  carbonic 
ie,  will  consequently  admit  of  being  thus  represented:  — 

3y     s 

(1)  a=2a!H — — f- 

2      2 

Fnrtlier.  the  quantity  of  the  carbonic  anhydride,  5,  formed  by  the 
l^etonatjon,  h  coni]>otied  of  a  volume  of  carbonic  anhy<lride  equal 
■in  bulk  to  the  light  carburetted  hydrogen,  and  a  volume  equal  to 
jtliat  i)f  the  carbonic  oxide,  so  tliat  the  total  quantity  of  carbonic 
[inbTdride  may  be  thus  indicated : — 

(2)  b=x+s. 

And  lastly,  the  oxygen  consumed,  c,  will  be  composed  of  the 
follitwiiig  quantities  r  by  light  carburette<l  liydrogen,  twice  its 
l)ulli,  2  j^;  by  hydrogen,  half  its  bulk,  |-;  and  by  carbonic  oxide 
half  it*  bulk,  ^ ;  or  the  total  quantity  of  oxygen  consumed  will 
IwtLe  following:  — 


(3) 


y  2 

c=2a;+-+-. 
2     2 


From  these  three  equations  the  values  of  x,  y,  s  are  deter- 
mined:— 

a+b 

x=     c -; 

3 
y  =    a^-c       ; 
a+4:h 


Minute  directions  for  the  analysis  of  various  gaseous  mixtTires 

i  given  by  Regnault  in  the  tVnirth  volume  of  his  Count  Elir 

^tiiire  d«  CJiimle^  whieli  contains  a  description  of  a  tnrni  of 

endiometer  well  adapted  for  accurate  experiments ;  this  eudiometer 

^Jias  been  advantageously  modified  by  Iraiikhmd  and  Ward  {Q.  J. 

^Kjkem.  Soc.  vi.  197).     IJunson  lias  also  introduced  very  important 

pBfeprovements  into  the  manipnlation  and  apparatus  required  for 

the  analysis  of  gases,  whicli  arc  fully  detailed  in  his  Grmom^try, 

^nn^lated  by  Roscoe  («tw  aUo  tlie  article  on  Emliometry,  in  Liebig 

^Bd  Poggendorff's  Handwbrterburh  der  Cheirtis,  vol.  ii.) ;  and  the 

modes  of  manipulation  have  been  still   further  simplilied  by 

Williamson  and  Hua&eU. 


(517)  General  OJiaracters  of  the  Jlletals. — The  metals,  as  a 
class,  are  characterized  by  a  peculiar  lustre  termed  the  metallic 
luBtre.  They  are  possessed  of  a  hiijh  degree  of  opaoitv,  and  aro 
good  conductors  both  of  heat  and  electrituty.  Some  of  thein  are 
also  endowed  with  the  properties  of  ductility,  or  fitness  for  drawing 
into  wire,  and  of  mRllenbility,  or  extensibility  under  the  hiunmer. 
Many  of  them  have  a  hi^h  specitic  gravity.  When  separated 
from  their  compounds  by  electrolytic  action,  they  appear  at  the 
platinode,  or  negative  wire  of  ^he  voltaic  battery. 

These  [iroperties  are  not  developed  equally  in  all  the  metals; 
in  some  metals  one  or  more  of  them  may  be  wanting  altogetlier: 
and  there  are  other  snljstances,  not  metallic  in  their  nature,  in 
■which  some  of  these  characters  are  strongly  displayed. 

(51S)  Lustre,  OjMcity,  and  Colour. — Although,  when  polished, 
all  metals  present  the  lustre  termed  metallic,  yet  most  of  them 
may  be  obtained  by  minute  subdivision  in  a  form  devoid  of  lustre. 
Iron,  copper,  platinum,  gold,  silver,  and  even  menMiry,  nui3'  be 
thus  rca(hly  procured  by  piocesses  to  l)e  mentioned  lurcaftcr. 

If,  however,  these  metallic  powders  be  subjected  to  jtres^iire 
under  the  burnisher,  a  sufficient  approximation  of  their  partich»3 
is  produced  to  render  them  capable  of  reflecting  light,  and  the 
metuUio  lustre  reappears.  This  property  admits  of  ])LMng  appliiHi 
in  tlie  line  arts:  for  instance,  it  is  possible  to  make  copies  of 
medals  or  ancient  coins,  by  employing  dnely -divided  copper,  which 
is  introduced  with  the  medal  into  a  mould;  by  submitting  it  to 
pressure  an  exact  copy  of  the  medal,  with  a  beautifully  polished 
surface,  is  obtained :  the  copv  is  tlien  strongly  heated,  care  being 
taken  to  exclude  atmosphenc  air:  during  the  ignition  the  copy 
shrinks  a  little  in  all  directions,  but  a  fac-simile  is  formed,  which 
is  extremely  distinct,  though  reversed,  and  a  little  smaller  than 
the  original. 

Botflies  which  are  not  metallic  occasionally  assume  a  brilliant 
Burtace  like  the  metals.  Iodine,  which  in  all  its  chemical  rtdatioiia 
is  directly  opposed  to  the  metals,  yet  possesses  a  strong  lustre;  the 
same  thing  is  observaltle  in  a  fonn  of  charcoal,  termed  by  the 
workmen  hiJih,  which  escapes  from  the  vent-holes  of  the  mon!<U 
during  the  process  of  casting  irt)n.  A  native  form  of  carbon. 
graphite  or  plumbago,  has  received  its  popular  name  of  WooWeoa 
from  its  metallic  appearance. 

!Metals  are  among  the  most  ojtaqne  bodies  with  which  we  are 
acquainted;  but  their  opacity  is  not  perfect,  Wien  rfdi!c«»«l  to 
excet.-iUngly  fine  leaves,  a  portion  of  light  is  transm'  r 

cxauiple,  pure  gold,  uf  not  more  than  yTr^^nnr  '^^^^^  ^^'' 
a  ^een  light  to  paas. 
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The  dolour  of  the  reflected  light  varies  with  the  nntiire  of  the 

^«I.    In  mi>3t  eases  it  is  nearly  ■white,  M'ith  a  shade  peculiar  to 

leli  metal :    the   tints  of  silver,  platinum,  tin,  uadiniiim,   and 

"  Jiutii,  are  nearly  alike ;  other  metals,  snch  as  lead  and  zinc, 

bivea  l»Ini:*h  colour  ;  othei-s,  like  iron  and  arsenic,  have  a  ^royi!*h 

line;  calcium  and  barium  aro  pale  yellow  ;  gohl  is  a  full  yellow; 

Kind  cnp|ier  is  of  a  red  colour.     By  rejieated  retlections  tVom  the 

iMiue  metal  a  distinct  cohmr  is  often  rendered  obvious,  tliotigh  it 

not  seen  upon  looking  at  the  poliiihed  surface.     A  red  tint 

m  thas  be  made  evident  in  silver,  and  a  violet  tinge  in  eteel. 

Some  of  tlie  metala  possess  a  characteristic  odour  ;  iron,  tin, 

nil  popper  emit,  on  friction,  a  fitnell  peculiar  to  themselves,  and 

tirsenii:,  when  volatilized,  evolves  a  powerful  odour  of  garlic.    The 

iBteofmost  of  the  soluble  compounds  of  the  metals  is  af^tringent 

foricrirl.  and  of  the  peculiar  kind  termed  metallic. 

(51'J)  Itiirflnfim^  Briiihin-cm,  ami  Temudlij. — Great  <lifference8 
loWrvable  Itetween  the  h/O'dnt^ssolXhe  ditferent  metaU;  steel 
nay  lie  rendered  hard  enough  to  scratch  ghuss,  wliiln  lead  will 
Itake  imprest^iona  from  the   tinger-nail,   and    potassium    may  be 
bpreftd  like  butter.     Many  of  the  Imnler  metals  are  very  elastic 
Uiifl  i5<inorous  when  struck ;  but  these  properties  are  more  strik- 
ingly chsplayed   in   some  of  the   alloyt*,  nr   comiKtunds   of  the 
nftAlji  with  each  other,  as  in  the  alloy  of  tin  and  co])pi!r  u^ed  for 
lell.i,  andin   the  combination  of  carbon  with  iron,  well  known 
steel,  which,  by  its  high  ehisticity,  is  pre-eminently  quaUiied 
i»r  tlie  construction  of  the  springs  used  in  machinery. 

Closelj  connected  with  the  hardness  are  the  hrittJ<in€*a  and 
iKkruu-Ui/  of  metals,  which  are  very  vari(i!)le.  Some,  like  anti- 
loiiy,  arsenic,  and  bismuth,  may  be  pnlvorized  without  dithculty 
11  mortar,  while  others,  as  iron,  gold,  silver,  and  copper,  require 
jrent  force  to  eti'ect  their  disintegratinu.  Tiie  brittleuess  of  some 
pffLe  metals  is  materially  aflccted  by  temperature.  Zinc,  within 
we  ori.linary  atmospheric  range,  is  so  Itrittle  that  it  cannot  be 
felt  at  a  sharp  angle  without  danger  of  destroying  its  cohesion, 
»|iile  if  heated  to  between  200"  and  300°,  it  may  be  wrought 
"fith  facility.  Bra-ss,  an  alloy  of  copper  and  zinc,  on  the  con- 
"ftfy,  Incomes  brittle  at  temperatures  approacliing  to  redness, 
J  "^Dt  while  cold  it  possesses  considerable  malleability, 
^ft  Taking  the  tenacity  of  lead  =  1,  the  tenacity  of  the  different 
^wietals,  after  annealing,  will  be  represented  according  to  Wert- 
^B^^ito's  experiments  as  follows  : — 

^B      liead 


Cadmium 1'2 

Tin 1-3 

Gold...; 5-6 

Zine • 8 


Silver 8-9 

Platinum 13 

Palladium 15 

Copper 17 

Iron  2t> 


The  tenacity  of  the  metals  has  been  measured  by  fixing  finnly 

"^  a  vice  one  end  of  a  bar  or  wire  of  the  metal,  the  strength  of 

oil  is  to  be  ascertained,  and  attaching  to  the  other  end  a  con- 

ient  support  for  weights  which  are  cautiously  uicreagsed  uaUl 
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the  wire  breaks.  By  compaiuog  together  tlxe  weights  required 
to  determine  the  rupture  ot  the  different  metals  for  bars  of  mnal 
section,  a  comparative  table  of  tenacitj  may  be  formed.  Vanooj 
circumstanRes  materially  iiifliietice  the  strength  of  the  saiatf 
metal  ;*  such  as  its  purity,  the  mode  in  which  the  bar  has  heal 
prepared  (whether  by  casting,  by  forging,  or  by  wire-drawing), 
the  temperature  at  which  the  coiupariaons  are  made,  the  [ippliet 
tion  or  omission  of  the  proeesa  of  annealing,  and  the  manner  ia 
■which  the  tension  haa  been  exerted,  whether  gradoally  or  fiud-^ 
denly,  Diiferent  observers,  in  consequence  of  operating  diff(^^ 
ently  in  some  one  or  other  of  these  respects,  have  obtaine} 
results  whicli  vary  from  each  other  considerably.  The  net-fssity 
of  attention  to  these  points  will  be  evident  on  examining  tiff 
results  obtained  by  Wertheim  {Ann,  de  CMmw^  III.  xii-  Hi}], 
who  has  given  an  elaborate  series  of  experiments  upon  tlie  teiiacifj 
of  diiferent  metals,  the  most  important  of  which  are  embodied  in 
the  following  table.  The  numbers  represent  the  weight  in  kil<>- 
grammes  which  a  bar  of  each  metal  of  I  milUmetre  eqnare  TTOiiIi 
support  without  breaking,  both  when  the  strain  is  gradMlly 
increased,  and  when  suddenly  applied ; — 


i8°F. 

air  P. 

m't. 

OnAul 

So4dui. 

Oart  steel,  drawn. . . . . , 

83-8 

Do,    do.,  nnnoaleil , , . . . 

es-T 

Piano  wire,  (stet'l)  , . , , , 

TOO 

S91 

Do.,   annoaled ,,......,..,.. 

40-0 

63-S 

BQIO 

fiO-M 

Iron  wire ,.....,.. 

61-]0 

65-1 

50-25 

6110 

4e^ 

Da,  UDnealed 

Co  iper  wire 

40-30 

41-0 

Do.,   annealed 

30-54 

31-68 

2210 

Platinum  wire. .  , , 

ai-10 

35-0 

Ho.,  unncaled 

23-60 

2T70 

a26« 

19-10 

Palluiiiuui  ^riro 

2T-2 

Do,,  annealed  , , 

37-4 

Silver  wire. 

29-0 

29-G 

Do.,  nniicnled ,  . . , 

16-02 

16'5 

14-00 

14-00 

Zinc,  comiiiDrdnl,  drawn 

12-ao 

IS -17 

Do.     do.,  annealed 

14-40 

12-20 

7-3t 

Pur«  zinc,  cast 

4'5 

Cold,  drawn 

27-0 

28-4 

Do.,  aunealt'd  ...,..., 

10-08 
2-24 

11-1 

12-GO 

1206 

Cailmiuiu,  drrawo 

Do.,  amiealed 

4-81 

2-60 

Lead,  ctist ................... 

1'2S 

2-21 

Do.,  drawn  ................ 

3-07 
1-80 

2-04 

0-64 

Do.,  minOnlcd 

Tin,  drawn 

a-4fi 

3-0 

Do,    do.,  ODiiealed ...... 

1-70 

3-62 

O'SS 

*  Seville,  for  example,  by  melting  cobalt  in  a  crucible  of  lime,  has  obtained  it 
free  from  carbon  and  other  impurities,  in  the  form  of  a  ductile  mass  of  such  teoacity 
as  to  furnish  a  wire  capable  of  supporting  twice  as  great  a  weight  as  a  -wire  of  pun 
iron  of  similar  dimensions ;  and  a  wire  of  nickel  prepared  in  a  similar  waj,  tbou^ 
inferior  in  tenadtj  to  one  of  oobalt,  Butpaaaed  one  ot  vco^  vn.  Vb.«  «*m»  q{  3  to  3. 
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will  be  seen,  from  an  inspection  of  this  table,  tliat  the 
nernl  pfffvt  of  heat  is  to  diminish  the  tenacity  of  the  metals, 
'■  of  iron,  steel,  and  gold,  the  tenacitj  of  wliich 
ifwhat  Increiu<ed  by  a  heat  of  212°;  this  is  par- 
cularly  ao  with  iron :  by  a  further  elevation  of  temperature  the 
tnacity  is  again  dimiuitihed.  The  influence  of  annealino;,  or 
eating  the  bar  to  dull  redness,  and  allowing  it  to  cool  bIowIj,  is 
till  more  remarkable,  for  by  this  means  the  tenacity  of  gold  is 
■educeil  more  tlian  half,  tliat  of  silver  nearly  as  much,  tTiat  of 
>Utiuam  about  one-third,  and  that  of  iron  and  copper  about  a 
»mth. 

(520)  MalUnbUity  and  Ductility. — The  following  metalfl  are 
tenned  malleable  metals,  *.  e.  metals  which  may  be  reduced  to 
thin  leaves  either  by  lamination  between  rollers,  or  by  hammer- 


Gold 

Palladimn 

Lead 

Silver 

Iron 

Cadmium 

Copper 

Aluminum 

Nickel 

Platinum 

Tin 
Zinc 

Cobalt. 

Lithium,  potassium,  and  sodium,  as  well  as  mercury  when  in 
k  frozen  state,  and  thallium,  likewise  admit  of  extension  under 
he  hammer.  Gold  far  surpasses  all  the  other  metals  in  niallea- 
>ility.  being  capable  of  reduction  into  leaves  so  thin  that  a 
^'jiiare  fixjt  weighs  less  than  Z  grains,  and  the  film  does  not 
fcicewl  the  200,0o0th  of  an  inch  iu  thickness.  SUver  and  copper 
Oiay  also  be  reduced  to  leaves  of  great  tenuity.  The  otlier 
metals  may  be  rolled  into  foil,  but  eaunot  be  hammered  into  leaf. 
At  the  Industrial  Exhibition  of  Breslau,  1852,  an  album  uf  leaf 
iron  was  exbibited,  the  sheets  of  which  did  not  exceed  the  -jTtVir 
of  an  inch  in  thickness,  and  a  square  inch  of  the  leaf  weighe«l 
only  three-fourths  of  a  grain.  ^  ickel  and  colmlt  are  far  less 
fflilleable  than  the  other  metals  in  the  list.  The  metals  become 
denser  in  rolling,  and  are  often  rendered  so  hard  by  the  operation 
tost  they  re<juire  to  be  annealed  between  every  second  or  third 
'oUinp.  During  the  processes  of  hammering  and  rolling,  much 
lieat  IS  extricated. 

The  metals  may  be  arranged  iu  the  following  order  of  due- 
"litv,  the  property  being  possessed  to  a  nearly  equal  extent  by 
jj«  first  five  upon  the  list : — 


I 


Gold 

Palladium 

Zinc 

Silver 

Cadmium 

Tin 

Platinum 

Cobalt 

Lead 

Iron 

Nickel 

Thallinm 

Copper 

Aluminum 

Magnesium 
Lithium. 

Dnctility  is  peculiarly  displayed  by  the  first  7  metals  on  the 
WoUaston  j)rocured  a  wire  ot  platinum,  tho  diameter  of 
la 
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wliich  did  not  exceed  the  TiyVrff  *"•*'  *"  inch,  bv  placmfj  a  wire 
platinum  in  tlie  axis  of  a  small  cylinder  of  silver  and  reducing 
ciimpound  wire  to  the  utnu»^t  uructioable  tenuity  in  the  ordini 
way,  by  drawing  it  thr<ni;j;li  holes  made  in  a  hard  steel  pUl 
termed  a  draw-plate  ;  the  apertures  through  which  the  wire 
made  to  pjiss  diminishing  in  size  by  regular  gradation, 
metals  weie  thu.s  attenuated,  jntr!  jHt«sn^  and  the  t>il ver  w(us 
dissnlved  otf  by  nitric  acid,which  letYthe  platinum  unacted 
Gold  wire  equally  fine  was  obtained  by  a  similar  procei«( 
Trans.  1813).  Steel  wireeof  extreme linenefts  have  been  pmdi 
in  a  similar  manner,  the  silver  l>eing,  in  this  case,  dissolved  by  tli 
action  of  mercury.  Zine,  tin.  lead,  magni*sium,  and  even  litliiiim 
may  also  be  (d)tained  in  the  form  of  wire,  but  with  ditticiilty.  oi 
account  of  their  feeble  tenacity.  Matthiessen  ha«  succt'eded  ii 
obtaining  nnmy  of  the  s<it\er  metals  such  as  sodium  and  litliium 
in  the  form  of  wire,  by  forcing  tliem  under  strong  pressure  througa 
an  miertiire  in  a  steel  die. 

The  malleability  of  a  metal  is  by  no  means  always  prop<n<' 
tioned  to  its  ductility ;  iron,  though  it  may  be  reduced  to  wira 
of  extreme  fineness,  is  not  nearl%-  so  malleable  as  gold,  silver, 
copper,  and  some  other  metals  which  are  inferior  to  it  m  ductilitr, 
A  tew  substances  which  are  not  metallic  exhibit,  when  in  »  siftti 
of  semifusion,  a  very  perfect  ductility.  Half-melted  glas.*  *ki« 
this  property  in  a  marlced  degree ;  it  may  bo  spun  into  vcrv  fin 
threads,  which  have  even  been  woven  into  a  species  of  clolli,  A 
signed  for  oniamontid  purposes. 

It  is  (d>vioii.s  that  the  properties  of  hrittleness,  tenacity,  dn 
tility,  and  malleability,  must  Ix^  materially  dependent  ujxin  t 
texture  of  the  metal.  This  is  strikingly  exemplified  in  tlio  villi 
tion  in  tenacity  exhibited  by  the  same  metal  under  dit^erent 
cumstanees.  Silver,  in  ordinary  cases,  is  tough,  ductile,  and 
leable  ;  by  reitesited  heatings  and  coolings,  however,  its  rmrti 
arrange  themselves  in  a  crystalline  manner,  and  it  then  bccui 
very  brittle.  Copper,  when  deposited  in  crvstala  by  slow  volt 
action,  is  very  hard  and  brittle  ;  but  when  the  action  is  more  ra 
it  is  soft  antl  tough,  and  the  metal  then  exhibits  a  fibrous'elia*' 
ter:  and  it  may  be  stated,  as  a  general  priueiple,  that  the  err* 
line  metals,  such  as  zinc,  antiinmiv.  bisiinith,  and  arsenic,  are 
most  bi-ittle  ;  white  those  wliicli,  like  ijon.  have  a  fibrous  etf 
ture,  are  possessed  of  a  high  degree  of  tenacity. 

The  structure  of  a  metal  is  easily  displayed  in  many  cases, 
it   in  solvents  the  operation   of  which  is  ven-  irradtJ 


riiri 
ticl 


placiu. 


Some  of  the  uietals  which  fuse  readily  may  be  obtained  in  cfT 
tftls  without  (litKculty,  by  allowing  a  few  pounds  of  the  meli 
metal  to  cool  slowly,  and  jmuring  t»ut  the  interior  portions  bef 
the  whole  has  had  time  to  sidiilifv  ;  the  iTiner  walls  of  the  cavitv 
then  found  to  be  lined  with  crystals,  Hismuth  is  partieuls 
well  adapted  to  this  process.  The  less  fusible  metals,  pucb 
copper,  iron,  and  silver,  may  often  lie  crystallized  from  their  m 
tions  by  slow  voltaic  actiom.  Many  of  them — as,  for  examj 
g;oJd,  silver,  and  copper — occur  native  in  crystals.     A  large  p 
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lion  of  the  metals  crystallize  in  forms  belonging  to  the  regular 
ratem. 

(521)  Specific  Gravity. — ^Wide  differences  are  observable  la 
le  specific  gravity  of  the  metals.  In  the  annexed  table,  varia- 
Kona  are  exhibited  between  the  extremes  of  iridium  and  pUxtlnum, 
'the  heaviest  known  fornts  of  matter,  on  the  one  liand,  and  lithium 
on  tlie  other,  which  has  little  more  than  half  the  density  of  water. 
The  lighter  metals  are  all  characterized  bv  their  powerful  attrac- 
tion fop  oxygen  ;  those  which  are  leiist  oxidizable  possessing gene- 
Rkily  tiie  liighest  specific  gravity.  In  a  few  instances,  tlie  most 
marked  of  which  is  platinuuj,  the  density  may  bo  somewhat  in- 
crejised  by  rolling  and  hammering ;  but  this  is  not  usually  the 
■case. 

Specific  Gravity  of  the  Mctah. 


Uetkl.  S[k.  Gr. 

FUtiiium 3153 

Oainium 21 '4 

Iridium 2116 

Gold 19  34 

Uruiiam 1 8*4 

TungsUn. ....176 

Mereury 13  596 

Rliodium HI 

ThflUium il-91-11-81 

Palladium 11-8 

Butbfinium 1 1  '4 

Lpad 1136 

Silver 10'58 

BiBinuth 9  799 

Oobah 8-95 

Copper 8  95  to  8-93     . 

Nickel 8-83 

Molybdenum 8  02 

Oulmium S  (104 to  8604 . 

MsDgaiiese 8013 

Trrm 7  814 

Tin 7  292 

Zinc TI46 

diromiuni 6S1 

Antimony 6  71 

tVUuriam 6  25 

Ar^nlc 5  9()9-5-7 

Aluminum 2  67  Co  256     . 

?■►-■.••;•.  M 254 

21 

n 1  743 

Calcium   ., 1578 

Rubidium 1-53 

Budium 0  973 

Pota»siuia 0"n(]5 

lithJoiD 0  593 


ONi*rT»T, 
.Wollagton. 
.DoTille  nnd  Debray. 
.  Durillo  and  Debnty. 
.&.  Rose. 
.P^li^C 
.  D'Elhurnrt 
.  Rognault. 
.  DevilJe  and  Debraj. 
.  Crooitea. 
.Wollnston. 
.DfTtUe  and  Debray. 
.  Reich. 
.0.  Rose. 

.Marchand  nnd  Scheerer. 
.Ramrai-'lgtjcrn. 
.  SInrchand  and  Scheerer. 
.Tupputi. 
.  Bucholz. 
.Stromoycr. 
.John. 
.  Brolin^. 
.KuplTor. 
.  Wertheim. 
.Wolilor. 

.  Mnrchand  and  Sdieorer. 
.Hcrzeliue. 
.Ouiliourt. 
.  DeViUo. 
.  Buuseu. 
.  Debniy. 
.  HunBcn. 
.  Buuacn. 
.  Bunscn. 

.  Ooy-Lussac  and  Tht'^nard. 
.  Oay-Lussiic  nad  Tlie  nurd. 
.Buasen. 


(522)  FumbillUj, — Tlie  melting-points  of  the  different  metals 
liffer  not  less  widely  than  their  densities.     Mercury,  for  instance, 
latns  finid  as  low  as  — 39°  F. ;  potassium  and  sofli\im  melt 
clow  the  beat  of  boiling  water.     Tin,  cadmium,  bismuth,  thal- 
lea«l,  and  zinc  melt  below  redness  ;  antimony,  calriuni.  and 

linum,  above  a  red  heat.     Silver,  copiicr,  and  gold  re<piire  a 

bright  cherry-red  beat ;  iron,  nickel,  and  cobalt  a  white  heat  { 
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while  platinum,  iridium,  rhodium,  and  several  others,  require  tin 
intense  heat  of  tlie  oxvliydrogen  blowpipe,  or  even  of  the  vyltaif 
arc,  to  eflFect  their  fusion. 

Order  qf  F'usibility  of  the  MetaU. 


Mercury — 39  ....  — 39-4 

Rubidium ...i..  101-3  ....  38-& 

PoLasHiiim 144'6  ....  eS^S 

Soflium 207-7  ....  97-6 

lithium. 366  ....  180 

Tin 443  ....  228 

Cadraium 443  ....  388 

BiHuiuOi 607  ....  264 

ThuUium. 661  204 

Lend.... 617  326 

Tellurium. 

Arsenio 

Ziua ^73  413 

Antimonj'. about  1100°  F. 

SlZuk' ::::  .■■.:; :  \  '^'"^  *  ^^  ^'^^ 

Silver 1873  1023 

Copper 1996  1091 

Gold 2016  1102 

Cast  iron 2786  1503 

Oobolt 

w™u&-i;i„:::::::  j  ^^-^^^^'^tt-r^ 

ManganeBe J 

llolybdcnum 

Cbl^him .'.'." '.'.'.'..'.  i  a«8'«>merate,  but  do  not  ftiae  in  the  forgo. 

Palladium J 

PlatlDUDl 

Rhoiliutn 


undetormined. 


Hutchina. 

BnngeiL 

Baiuwo. 

Regnantt 

fiuiiBcn. 

Orichton. 

Stromejer. 

Sudberg. 

Crookeg. 

Badbcrg. 


Dani^n. 


DanielL 


Iridium.. . . 
Vauadi-.ini.  , 
EuthonituB  , 
Oamium ... 


.  require  the  heat  of  the  oxyhjdrogen  blowpipes 


Some  metals  near  their  melting-points,  before  undergoing  com-j 
plete  fusion,  pass  through  a  soft  intermediate  stage,  in  which,  '\€ 
two  clean  surfaces  be  presented  to  each  other,  and  strong  pressure 
or  hamuiering  tie  employed,  they  unite,  or  weld  together,  so  as  to 
form  one  continuous  mass.  Iron,  thallium,  lithium,  and  potassium 
afford  the  most  striking  instances  of  this.  Palladium  is  also,  in  a 
minor  degree,  susceptible  of  it. 

(523)  Vohitility. — Many  of  the  metals  admit  of  being  volatilized 
without  difficulty.  Mercury,  when  heated  under  ordinarr  atmo- 
spheric pressure,  boils,  and  ia  reduced  to  a  perfectly  colonrlees, 
transparent  vapour,  at  about  602°.  It  ia  important  to  observe 
that  this  dry  vapour,  though  metallic,  is  an  insulator  of  electricity, 
and  will  allow  tlie  transitnssioti  of  distinct  electric  sparks  as  read- 
ily as  atmospheric  air.  Theinsulatingpowerof  mercurial  vapour, 
on  the  one  hand,  and  the  small  specitic  gravity  of  potassium,  of 
sodium,  and  of  lithium,  on  the  other,  show  that  there  is  nothina 
inconsistent  with  fact*  in  the  eupposition  tliat  hydrogen  itsell, 
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lllthongb  the  lightest  known  form  of  matter,  and  though  gase<jus; 
J  will  cuuswiueiitly  an  iiisuhitor  of  t'lectricity,  may  possibly  be  a 
luetal;  ana  indeed,  in  its  chemical  properties,  it  approximatea 
Jteiy  closely  to  this  class  of  bodies,  ^ighl  of  the  metals  are  sutli- 
Icently  volatile  to  be  distilled  from  the  compounds  from  which 
Itbej  are  obtained — viz., 

Mercury  Zinc  I  Sodium 

Arsenic  Cadmium  Rubidium. 

Tellurium  Potassium  ( 

I  Areenic  is  volatilized  below  redness,  and  even  before  it  has  assmned 

I  the  liquid  form  ;  cadmium  requireo  a  full  red  heat,  and  zinc,  po- 
tasiuin,  sodium  and  rubidium  a   higher   temperature.      Those 

[metals  which  are  geuerally  considered  fixed  in  the  tire  are  like- 
wise volatilizable  to  a  certain  extent.     In  the  process  of  lead- 

I  smelting,  one-seventh  of  the  lead  escapes  up  the  chimney,  and 
ffoald  be  wasted  unless  means  for  collecting  it  were  adopted. 
Etbu  copper  is  not  absolutely  fixed  in  the  fire.     My  friend.  Dr. 

I Perev,  some  years  ago,  showed  me  a  reinarknhle  illustration  of 
this  lact ;  he  has  in  his  possession  part  of  a  beam  whieli,  for  many 

Jeans,  was  suspended  over  a  furnace  in  a  copper-smelting  house  in 
Torway;  the  whole  beam,  of  whicli  this  is  a  fragment,  contains 
niiiiute  beads  of  metallic  copper  stiuhled  through  its  texture  :  the 
f<'l>l>crinu5t  have  been  raised  in  vapour  and  so  deposited  within 
Its  fibre*.  Gold  luis  been  fouml  similarly  stiidtlirig  the  beams  of 
rttiiieriei! ;  and  it  may  be  seen  to  undergo  volatili/.utii»n  in  the 
fwus  of  an  intensely  powerful  burning-glass.  Phitiudm  may  be 
•^^iiverted  into  vapour  with  scintillation  in  the  oxyhvdrogen  jet, 
,  "od  silver  is  volatilized  rapidly  in  the  voltaic  are.  1"  iiie  wires  of 
"fi  most  refractory  metals  may  be  dispersed  in  vapour  by  trana- 
"Jtting  the  discharge  of  a  powerful  Leyden  battery  througli  them. 

(524)  Coii'liu;tui<f  Power  fm'  fTmt  ami  EU'di'ivltij. — The 
5at  differences  of  expansion  exhibited  by  ditl'erent  metals  when 
■»osed  to  equal  degrees  of  temperature,  have  already  been  pointed 

*t  (133) ;  and  it  may  be  stated  generally  that  eaeli  metal  pi>8- 
Sses  a  specific  expansion :  the  eomhieting  power  of  each  metal, 
*tb  for  heat  (149)  and  for  electricity  is  also  definite  (23'J,  276) : 
i**  general  it  is  found  that  the  best  conductors  of  heat  are  also  tJie 
^st  conductors  of  electricity  :  but  though  conductors  in  the  solid 
**Xd  liquid  conditions,  the  metals  are  insulators  in  the  aeriform 

(525)  ALtx)YS. — Metals   enter    into  combination   with    each 
ler,  and  form  compounds  termed  aUwjx,  niauy  of  which  are 

'^ost  extensively  useii  in  the  arts.  Comparatively  few  of  the 
'Petals  possess  qualities  such  as  render  theiu  suitable  to  bo  em- 
^iloyed  alone  by  the  manufacturer ;  aluminum,  zinc,  iron,  tin, 
liopper,  lead,  mercury,  silver,  gold,  and  platinum,  constitute  the 
Entire  number  so  used.  Arsenic,  antimony,  and  bismuth  are  too 
^^ttle  to  be  used  alone,  but  are  employed  for  hardening  other 
^IbtaU.  Many  of  the  physical  properties  of  the  metals  are 
greatly  altered  bjr  ooiubination  with  others ;  the  com.V)Vuat\oti  ox 


alloj  being  often  adapted  to  purpoi>6s  for  "wluch  ri-'  •  •  "ta? 
BCpiirately  would  lie  inifit.     Copper  alone  is  not  tit  i-  i<^. 

and  it  is  too  tough  to  be  conveniently  wrought  in  the  latiie  oi 
by  the  file;  but  when  alloyed  with  zinc,  it  loniis  a  much  luirder 
compound,  which  can  be  east,  rolled,  or  turned,  »uid  whieh  con* 
Btitute^j  the  ditt'erent  kinds  of  briiss,  the  quHlitiee  i»f  which  can  be 
varied  by  varying  the  proportions  of  the  two  rnetal?.  The  ad- 
dition ot  nickel  to  bra^s  destroys  its  yellow  colour,  jind  priwlucca 
the  white  Cdiujxmnd  nietsd  known  under  the  niune  of  German 
silver.  C(>i)per  and  tin  in  varinu^  proportions  j'ield  the  hard, 
tough,  but  nio<lerfitely  fusible  conipounas  know^n  as  bronze  ami 
beli-inetnl.  When  the  metals  combine  with  mercury,  the  result- 
ing body  is  called  an  itmuhjuin. 

In  most  ca-*es  these  compounds  of  metals  with  each  other  are ' 
united  by  weak  ties;  for  it  aj>pears  necessary,  in  onler  to  pro- 
duce energetic  union  lietwecn  any  two  bodie*:,  that  the  t<nltstance* 
when  separate  should  exliibit  great  dissimilarity  in  ]>roj>erties. 
It  has  sometimes  been  questioned  whether  alloys  are  true  chem- 
ical compounds:    detiuito    compoandi?  of  the  metals  with  eacli 
other,  do,  however,  certainly  exist,  and  some  have  been  found 
combined  in  definite  proportions  in  the  native  state.     Such  is  the 
case  with  silver  and  mercury,  which  occur  crystallized  together 
in  the  proportion  of  an  atom  of  each  (Agttg):  and  that  the  al- 
loys are  undoubtedly  in  many  instances  true  chemi<'al  eniiiponndA, 
16  further  shown  by  the  increase  or  diminutiim  in  density  which 
attends  the  act  of  combination  ;  the  sj>eoitic  gravity  of  t'lie  alloy 
being  generally  either  al»ovc  or  below  that  of  the  two  inetMls  em- 
ployed.    The  fusing  point  of  an  alloy  is  generally  much  lower  ] 
than  the  mean  of  those  of  the  metals  which  compose  it.     Thin* 
circumstance,  as  well  as  the  alteration  which  alloys  exhibit  in 
tlieir  general  relations  to  heat  and  electricity,  are  also  furt her  ori- 
dences  of  the  definite  character  of  tliese  compounds.     A  reninrk- 
able  illastration  of  the  intluonce  which  the  chemifal  union  of  the 
metals  exerts?  upon  their  fusing  point,  is  atloi-ded  by  the  alloy 
called  fusilile  metal,  which  is  a  mixture  of  bismuth,  of  lead,  and 
of  tin,  in  tlie  projxirtions  represented  by  the  formula  (15i,Pb,Sn): 
they  form  a  compound  which  melts  at  212°,  a  temperature  moro] 
than  2i>0°  below  the  fasing-point  of  tin,  the  most  fusible  of  these] 
metals,  and  400'  below  that  of  lea<l.     Most  frequently,  however, 
the  alhtys  arc  mixtuns  of  detiiiite  coinpoumls  with  an  excii^s  vt 
one  or  other  metal,  and  the  se]>aration  of  their  conqxxientr.  fn'^m  j 
each  other  is  generally  easily  efteeted  by  simph'  means.     For  iu-l 
etance,  by  exposing  brass  to  a  high  teMijufriture,  the  y.inc  is  vula-j 
tilized,  leaving  the  copper  Ix'hind  ;  and  from  the  alloy  of  arscnicij 
and  platinum,  a  heat  suHiciontly  long  continued  will  expel  almoatj 
the  whole  of  the  ai*senic.     Even  m<*re  me<'hani<'al  meiuis  will] 
eometimes  suffice  to  effect  the  separation.     Wlien  silver,  for  ex- 
ample, i«  amalgamated  with  mercury,  the  amalgam  lormed  i»dii»-| 
Solved  l)y  an  exces-s  of  merenry  :  this  excess,  however,  may  l>e  al-j 
most  entirely  removed  by  s<iueezing  the  mass  through  chMUHMM 
livtthcr;  the  amalgam  i»  retaintKl  in  the  solid  fonn,  whiio  the  Ml  f 
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Ittoug  mercury,  nearly  freed  from  silver,  escapes  tJirough  tht 

of  tht-  leather. 

The  choiiiical  properties  of  an  alloy  are  generally  such  a»  nii<;ht 

»ve  been  Jiuticipiited  tivmi  tliohe  ut  iti*  components.     In  luanv 

rtance?,  however,  the  alli>y  uf  two  oxidizable  metals  is  mncli 

ore  readily  uxidized  tbim  either  of  its  euustitTient^j.     An  alloy 

'1  [Mut  of  lead  and  3  parts  of  tin,  fi)r  example,  burns  when 

"  t^duU  redness  much  more  cjujily  than  itj>  eomiKjnents,  and 

uiuw  converted  into  a  white  ash,  used  in  the  preparation  of 

niiiiiels (rtOO ).  Sometimes  an  alloy  h  completely  soluble  in  an  acid 

liii'h  i.*  without  action  upon  one  of  it^  components: — German 

which  is  a  combination  of  cojipcr  with  zinc  and  nickel,  is 

adily  dissolveJ  by  diluted  ^^lpllu^ic  acid,  thonf;h  the  acid  will 

Waltiick  metallic  copper;  and  in  a  similar  manner,  an  alloy  of 

)litiniiia  with  ten  or  twelve  time*  its  w«n|xht  of  silver  is  entirely 

iolvwl  by  nitric  acid,  although  platinum  alone  resists  tlio  action 

t'llii.'  acid  completely. 

Tli«  ductility  of  metals  is  usually  impaired  l>y  combinatlt>n  with 
neanuther.  Allov:^  of  two  In-ittle  metals  are  invariuldy  brittle: 
u;li  ia  the  c;ise  with  the  compound  of  arsenic  and  bismuth. 
llov?  uf  a  l»rittle  with  a  malleable  metal  are  also  lirittle.  Even 
binjtwo  malleable  metals  aru  united,  the  conipound  is  sometimes 
tittle;  gold,  fur  example,  when  alloyed  with  a  minute  portion 
"  acL  frplits  under  the  hammer.  G^enerally  speaking,  the  hard- 
iifiuctal-s  is  increased  by  alloying  them;  of  tlii.s  a  familial* 
fttauce  is  afforded  by  the  standard  coin  of  the  realm:  neither 
inor  silver,  when  unalloyed,  is  sulHciently  hard  to  resist  attri- 
011  to  the  degree  reipiired  for  the  currency,  but  the  addition  of 
■j>y  of  its  weiglit  of  copper  to  either  metal  increases  its  hard- 
iiii  the  reijutsite  extent. 

"'lie  more  im]x»rtaut  alloys  will,  however,  be  best  considered 

ntcly,  when  the   individual   metals  which  enter  into  their 

l>iu|:KHition  are  <le.scribed. 

{52(V)  Corn  fit  ion  in  which  the  MefuU  occur  in  Nature, — The 

i  wlticli  unite  the  components  of  an  alloy  are  feeble,  and  are 

"v  M.'V(.'red  ;  but  the  compounds  tbrinod  by  the  metals  with  the 

I  Iff  Hubstances  known  as  non-metallic,  arc  for  the  most  part 

tog'^ther  by  attrat;titins  of  a  very  powerful  onler,  and  those 

ftmpiunids  are  in  a  chemical  point  of  view  much  more  interesting 

Dd  iiiijiortant  than  the  alloys.     With  fi4irne  of  the  metals  carbon 

Iwl  silicm  combine  in  small  proportion  without  appearing  to 

'stroy  the  metallic  character;   and,  in  fact,  these   compounds 

resemble  alloys  than  any  other  cbuss  of  ciunbinations :   the 

BiMt  n-inarkable  instances  of  carbides  and  silicides  are  famished 

iron,  which,  iu  it*  modificaticms  of  steel  and  cast  iron,  is  coni- 

i"*!  with  varialde  quantities  of  these  elements.     Many  of  the 

iiiunck  of  the  metals  with  sulphur  preserve  their  metallic 

*t^,  as  18  seen  in  galena  and  jiyrites,  yet  lose  nearly  all  the 

^er  physical  properties  by  which  the  metals   are  recognised ; 

''tilily.  malleability,  and   power  of  conducting  electricity  aiX) 

tr<jmely  itnimrc'}.     The  tnaUUlo  eiiai'acter  is  stilV  muve  «ouv 
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j>letely  destroyed  by  oxygen,  whicb  converts  the  metals  into 
aiiparently  eartln%  as  in  the  tamiliar  cases  of  Hmc.  mn 
iilumina,  and  oxitle  of  zinc  ;  whilst  chlorine  and  itp  ollied 
of  elementfl  form  compounds  which  are  most  of  thera  soluble, 
posse.^  all  the  qualities  of  true  salts.  The  energy  with  whicb 
iron,  zinc,  and  many  other  metak  combine  with  oxygen  is  tbt 
remarkable :  and  the  attraction  of  chlorine  for  tliese  metaU  16  still 
more  powerful. 

The  more  common  metals,  on  account  of  their  powerful  attrt^ 
tion  for  oxypcn  and  i«nlphur,  are  very  rarely  met  with  in  the 
uncombined  form.  Stuue  of  those  which  are  leas  abimdant  are, 
however,  found  naturally  in  the  metallic  condition  :  such  is  the 
cn^e  with  gold,  gilver,  mercury,  platinum,  and  copper.  ThevMj 
tlifU  said  to  itecur  in  the  uative  t>taie.  Many  are  fv)und  alloyed 
with  each  i>tlier :  f^old,  for  instance,  forms  native  idloys  witli  palln- 
dium  and  with  silver;  hilver  with  mercury  ;  antimony  with  ar-tti- 
icuiu.  The  occurrence  of  native  metals  or  natural  alleys  is, 
however,  an  excejitinnal  circuruiitance,  for  the  majority  of  the 
metals  are  fuimd  in  cumbinatioa  with  other  elements.  Oxygen 
and  snlplnu',  in  prtrticuhir,  fruni  their  powerful  chemical  attrifr 
ticms  and  the  abundance  in  which  they  occur,  are  the  bodies  moist 
frc<]uently  associated  with  the  metsils ;  at  other  times  arseiiiomii, 
and  more  rarely  chlorine,  are  the  mineralizing  agents.  1\iv» 
compounds,  wlietlier  oxides,  sulphides,  arsenides,  or  chlori«le5, 
constitute  what  are  tenned  the  oirx  of  the  metals. 

(527)  U isf rib li firm  of  t/te  Jfduf/t. — Next  to  pilica  in  its  varioM 
forms,  the  most  almudant  components  of  the  rocks  and  snperlicial 
portions  of  the  globe,  are  the  compounds  of  lime,  alumina,  ani 
magnesia.  These  eiu-ths  are  themselves  oxides  of  metallic  bndioa) 
the  attraction  of  wiiich  for  oxygen  is  so  intense  that  they  ura 
rarely  isolated  fmiu  it  exix'pt  ftir  scientific  purpoues  in  the  lahnn* 
tory  of  the  cheinist.  In  their  oxidized  form  they  arc  everywhert 
scattered  in  nburidance  over  the  face  of  the  globe.  It  is  not  *< 
with  those  metals  which  man  is  in  the  habit  of  separating  froU 
their  ores  upon  the  large  scale,  and  of  employing  for  the  variou 
requirements  of  civilized  society  in  the  metallic  state.  Mii^t  d 
the  ores  of  the  highest  importance  and  utility  constitute  but  ( 
comparatively  small  portion  of  the  comjionents  of  the  earth' 
crust ;  but  this  defieieney  in  their  relative  i)roportion  is  more  thai 
compensated  by  the  mode  of  their  distribution,  for  they  are  nd 
dispersed  at  random,  or  diffused  in  minute  quantity  nnifomil] 
throughout  the  mass  (»f  the  earth,  but  are  collected  into  thu 
Beams  or  lieds,  which  form  mtnernl  veins.  i 

Man  has  hitherto  been  able  to  penetrate  bnt  to  a  very  sninl 
depth  into  the  body  of  the  earth,  the  deejwst  excavation  which  hi 
has  been  en.ibled  to  make  being  not  greater,  in  proportion  to  th 
diameter  of  the  c;irth,  than  the  tliiekness  of  an  ordmary  sheet  oi 
writing-paper  to  a  globe  of  two  feet  in  diameter.  Gooloyical  oh 
Bervations  have  shown,  and  any  pei-son  who  has  traverse*!  a  rail 
way  cutting  has  had  a  partial  ojiport unity  of  convincing  himse' 
of  th*  fact,  that  a  great  part  of  the  superticial  portions  of 
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Sts  of  a  succession  of  beds  or  layers  —  strata,  as  they 
icniuiuonly  termed,  which  rest  one  ahove  another  :  these  bcoa 

me  places  retain  nearly  their  original  horizontal  direction  ; 

usually  they  have  a-Asuiued  a  po&ition  more  or  Iuas  inclined,  so 
fi>nn  a  considerable  angle  witli  the  surface.     The  same  stra- 

is  liable  to  great  variations  in  thickness  in  different  parts,  but 
bed  is  found  to  occur  in  a  uniform  position  in  the  series,  the 

lessive  strata  following  each  other  in  regular  order,  the  upper- 
being  those  of  most  recent  formation.     In  this  way  the  Lon- 

clay  rests  upon  the  chalk,  the  chalk  upon  wliat  is  termed  the 

n-sand,  tlie  green-santl  ujion  the  gault,  and  fni  on.     The  stra- 

or  sedimentary  rocks  rest  upon  othei-s,  which,  like  granite, 

yry,  and  basalt,  show  no  appearance  of  stratiticatioa,  but 

marks,  more  or  less  evident,  of  having  undergone  igneous 

I  Occasionally  it  happens  that  a  thin  bed  of  metallic  ore  forms 
f part  of  the  regular  succession  of  the  strata  ;  in  Staffordshire, 
for  instance,  over  many  s<piare  miles  of  country,  thin  hands  or 
se»ras  of  the  ore  termed  day  iron-stone,  varying  in  thickness  from 
2  to  8  inches,  are  found  lying  between  the  beds  of  cual.  Usually, 
however,  the  raetallifercjus  masses  occur  in  still  t>lder  fonriations; 
well  as  in  the  mountain  limestone  of  Cumberland  and  Dcrliyshire, 
or  in  the  granite  and  chiy-slate,  as  in  Cornwall:  thcv  ai"e  then 
found  in  liiisures  which  traverse  the  ordinary  strata  of  rlie  district, 
and  jissnme  a  direction  which,  though  it  never  l)cci>iires  cpiitc  ver- 
' ill  approaches  more  or  less  towards  tliis  ]>i>>itiou.  These 
vary  in  tliickness  from  a  few  inclies  to  as  many  feet ;  thcv  are 
ufttii  dlled  with  mas^ses  of  basalt,  granite,  or  trachyte  (whirhliavo 
heen  injected  from  below,  whilst  the  materials  were  in  the  molt- 
en state  under  the  effects  of  subterranean  heat),  and  then  consti- 
tute what  the  miner  temis  dyh:^  ;  but  in  other  cases  they  are  tilled 
with  metallic  ores,  and  form  mineral  veins  or  knh'«.  The  ore 
wmetinies  occurs  nearly  jture;  at  others  niiugh-d  witli  quartz, 
inor-spar,  and  various  crystallized  minerals,  or  else  with  earthy 
uniuinties  of  different  deS(ri[»tioiis.  These  veins  extend  friHii  the 
.Wl'ace  downwards,  often  to  a  dejith  greater  than  can  Ite  followed 
in  the  deepest  mines.  The  veins  which  occur  in  the  same 
net  usually  run  in  two  directions,  nearly  at  right  angles  to 
J  other,  the  principal  or  original  veins  being  travei"sed  by  the 
ers.  Li  Cornwall,  for  example,  the  metaUiferoiis  veins  run 
irly  east  and  west,  hut  they  are  occasinniilly  intersected  more 
fless  ohli<ine!y  by  other  lodes,  to  which  the  term  of  caunter 
Dtrary )  hidtis,  or  cross  amrsex,  lias  been  given. 
I  These  cross  coui'ses,  however,  are  liy  no  means  always  metallif- 
>;  they  otK»n  apjiear  to  have  been  occasioned  liy  the  action 
1  force  emanating  from  lielow,  which,  after  bending  and  split- 
;  the  original  strata,  produced  the  fissures  which  were  subse- 
ntly  tilled  with  rpiartz,  clay,  an<l  various  minerals.  Such  cross 
Bttes  as  these  not  seldom  occa.siou  the  miner  nnu-b  trouble  and 
'lexity,  since  the  subteiTanean  force  necessary  to  produce  them 
en  attended  witli great  displacement  of  the  original  strata,     ^ 
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ralualtle  rein  of  ore  is  fi*om  tliis  ('aiific  frerjuently  int<  > 

iR  Biinietiiiio:*  k»Jt  fUtoirother  tor  witiit  of  kiiowinjr  in 

tioii  to  seek  for  it.     'Jliis  sudden  lir(.>;ik  in  n  vein  ami  it»  ilist 

nieiit  is,  ill  mining  lanj;un{i;R,  termed  u  fiinH.     It  it  verv 

that  H  isingle  mineral  vein  occurs  alone;  usu idly  several  &>«  ftruiti 

together. 

The  tliickness  of  tlie  same  vein,  as  might  be  ejfj>ect*Kl.  is  «al 
ject  to  i^rcut  variations ;  at  one  time  it  dwinfllef^  to  a  tnei  r  ■ ' 
at  others  it  iittiiins  con&iderahlu  expansion.     The  most  \n 
veins  nsually  uc<'nr  near  the  junetion  of  two  dissiinihir  kiiii 
reek — tlie  metallic  ores  haviiij;  ]»rolml)lv  accumnlated   tin*; 
conse<|m.iu:e  of  slow  voltaie  actionft  wlueh  have  been  ^oing  on 
throngli  nnc»)itiited  age«,  and  whieh  have  been  occasioned  by  (lif-, 
fei"onces  in  chemical  eompositi<m  of  the  two  contiguous  rtM-ksS 
in  CVtrnwull,  for  example,  where  po  large  a  proportion  of  the  minj 
eral  wealth  of  Great  Britain  is  aeeumulated,  tlie  mo^t  iiii|HirtanI 
mines  oecnr  upon  the  junction  of  the  granite  with  the  clay -slat 
-or  liUlnn. 

(528)  Mitnng  Opei'aitoiis. — The  existence  of  a  vein  hav)n| 
been  ajieertained,  and  its  diji  and  general  direction  haNing  lied 
determinefl,  the  miner  conuaencee  by  linking  a  vertical  pit,  (4 
shfiff^  in  i*uch  a  maTiner  that  he  calculates  upon  cutting  througll 
the  lode  at  some  30  or  40  fatlioms  below  the  feurfaee.  >Vhiii  ]i< 
l»as  reariied  the  lode,  he  tlrhk-s  a  gallery','  or  level,  horiz«ii 
iiitn  it,  right  and  lelY,  raiding  the  ore  t(<  the  purtace  through^ 
plinft.  If  the  produce  be  6uch  as  to  I'neounige  him  to  pnK'cef 
eetund  shuft  is  Hunk  in  the  eoui"se  of  the  hule.  at  the  <Hfltance  ui 
aliout  Kmi  yaixls  from  the  first,  and  into  this,  the  gallery  or  lev* 
is  driven,  so  ns  to  facilitate  tlie  ventilation  of  the  mine  and  t]i< 
extraction  of  the  ore.  In  oitler  lo  be  able  to  remove  theoretror 
t>ther  parts  of  the  lode  above  and  1  ch>w  the  j.oint  at  which  tJu 
tirst  livi-j  is  ma<le,  the  shaft  is  contiiined  downward?,  »ti«1  iithin 
gniiei'itv.  ur  rronn  riitii^  as  they  are  termed,  are  made,  bot' 
and  below  the  lirst  level,  at  intervals  uf  ten  fathoms,  to  n 
lode  at  dilferent  points :  the*e  cross  ents  are  at  right  angh-a  t< 
the  levels.  Fig.  .'i24  shows  a  vertical  crosa  section  of  the  Iml 
at  the  CalHngton  Mine,  k  s  repivscnti*  the  engine  f«hatV,  v  v 
Vein  or  lode.  iUid  r,  <\  the  cros*»  cuts.  The  levels  ennnot  be  shoi 
in  this  view  ;  but  whenever  a  cross  cut  meets  the  lode,  a  level 
driven  east  and  Avest,  in  tin-  direction  of  the  lode  it.-ndf. 

Fig.  'Mh  shows  the  arrangement  of  the  levels  in  th*»  wr 
mine;  i:h  rejire>ente  the  engine  shaft,  w,  a  ?ecotirl  smal' 
and  1..  i„  1,,  tlie  ditlerent  levels,  the  ilc]»ths  of  wliieh  in  ' 
are  iiidiciite<l  by  tin*  numbers  attached  lo  them  ',  these  levels 
municate  nt  different  jxiinte  by  short  cute,  or  vijisf*,  »*  %H 
Coniisli  mind's  term  tliem  ;  they  are  shown  nt  w,  «,  in  varioi 
parts,  and  are  neeiled  to  facilitate  the  extraction  of  tlie  ore  frot 
diti'rrent  parts  of  the  lode.  The  ditlerent  levels  are  n..i  iuimf 
Lately  over,  or  paralh-l  to  each  other,  bnt   tlieir  •! 

sition  varies  with  that  of  tlip  inclination  and  div  t'i 

lode.     This  is  explained  !  n  whieh  the  dirwiiwrft" 
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*  -  "-      ■  "  '■■■>] ;  it  represents  }\phn  of  the  mine,  pup 
t  r  to  tlie  levels  shown  in  ;VJ5  :  the  lotle,  it 

ffie  Mjeu,  d^m^  Ui»t  I'l-eserve  the  SHiiie  dip  nt  all  [Xtiiits,  heiiig 
Dh  uu«re  nearly  vertical  at  the  right  than  at  the  left  extremity 
lie  plan.     The  cross  cuts  cannot  be  shown  in  tig.  325.     The 


FlO,  32^ 


FiG).  aas. 


TV 


IJL 


Fio.  326. 

mM  parts  in  this  fifjiire  invlicsite  the  portion'^  of  thf  lode  Avhich 

h«vp  [x-an  already  worked  nwMV.     The  jridleries  in  the  mine  ai"e 

■ -d  by  Btrontr  tiinlierin£r.  the  olijeet  of  which  is.  to  ju-event 

>i*h  from  falliui;  in  and  overwlielmini'  the  men  while  en- 

pi^'i-it  in  tlieir  work. 

One  of  the  principal  difficulties  which  the  miner  has  to  contend 
''ritli  is  tlie  continual  oozing  of  watfir  into  the  mine  in  all  direc- 
tion*. Where  the  mine,  a^  very  <»t\en  !i!ip]iens,  in  situated  upon 
llioMtie  of  a  hill,  an  adit  h^rd^  or  watercourse,  shown  at  a  a,  tig. 
8*25.  is  carried  from  the  shaft  to  the  lowest  accessible  ptiint  of  the 
tnrfiM-p  :  ftiid  through  this  the  waters  of  the  upper  ])Hrt  of  the  mine 
pe;  but  when  the  workings  extend  below  this  point, 
necessary  to  ]»uiiip  more  or  less  cfjustaiitly,  and  for 
tiiis  jiiirpose  powerl'id  stejuii-ciigiin's  are  required.  The  gMlIeries 
Slid  levels  .are  so  constructe<i  that  the  water  shall  How  from  them 
fet't  the  principal  shatY  of  the  mine,  so  that  by  pinnping  from  the 
»/'.  or  lowest  part  of  this  shaft,  the  whole  mine  is  free<l  from 
LT.  The  greater  jvart  of  the  water  is  lifted  only  to  tlie  ntiit 
W'l.  bnt  a  consideruble  quantity  is  raised  to  the  surface  for  the 
WnxuMj  of  washing  the  ore. 
Tjineh  of  the  exc&vatlou  is  done  hjhfind,  with  the  p\ckax.e  Mid 
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wedges  ;  but  after  judicious  clearinc;,  gunpowder  properly  ap 
fiicilitutt'S  the  progress  greatly,     llie  quantities  of  powderl 
for  Vilasting  in  the  mines  are  small,  usually  about  two  o 
The  process  of  Masting  consists  in  buring  a  hole  to  the  dej 
18  inches  or  2  feet,  eouiewhat  obliiiuely,  under  the  portion  of? 
which  is  to  be  raii^ed  ;  the  powder  is  then  intrtKluced,  and  the  I 
is  closed  by  raniuiiiig  in  clay  or  frialjle  rix-k.     A  copper  wire 
from  the  surface  down   to  the  charge,  and  when  the  rain; 
tawpina  is  linlshed,  the  wire  is  withdrawn  and  its  place  su 
with  a  Iiollow  rush  charged  with  jiowdcr,  and  the  train  is  fi: 
means  of  a  fiit^ee.     A  safety  fusee  is  now  coniniouly  substiti 
for  the  co|>per  wire  and  j»ithed  reed  tilled  with  powder.     The 
that  is  detached  is  raised  to  the  suiface   of  the   mine  in 
wrought-irun  Imckets,  <jv  kibbler,  which  are  capable  of  con 
about  y  cwt.  of  ore. 

(52t>)  Meehatiical  Treatment  of  the  Ores. — Tlie  extraction 
metals  from  their  ores  is  eifected  by  two  classes  of  opernti 
tliose  of  {lie  tiivt  cluss  are  mechanical ;  by  their  means  the 
parts  coiitiuiied  in  the  matrix  or  vein-stone  are  to  a  certain  e 
Sej>anitcd  :  the  oj>erations  of  tlie  second  dais  are   chemical, 
wiifch  rho  metal  itself  is  procured.     The  mechanical  trt-atnuiit 
inriiiencL'd  rot  only  by  tlie  nature  and  c(nni>osition  of  the  ore.  bi 
also  by  its  market  value  :  au  ore  of  tin,  of  copper,  or  of  lea<l. 
the  higlier  price  which  the  metal  bears,  will  be  worth  a  more  t'lai 
rate  troatmeut.  than  an  ore  of  iron  or  of  zinc. 

The  ores  of  zinc  and  of  iron  are  occasionally  subjected  to  t 
operation  of  washing  \  for  when  they  are  accompanied  by  a 
frinble  clay,  the  day  admits  of  being  readily  dimised  in  a 
di\  ided  state  through  the  water,  and  is  easily  removed  by  its 
The  s]>ccitic  gravity  of  day  is  not  mucli  more  than  21),  whilet  All 
of  carbrMiate  of  iron  and  hydrated  oxide  of  iron  varies  from  3'S 
4'0,  and  that  of  calamine  is  about  4"2 ;  consequently  panicles 
tliese  materials  of  equal  size  exix>se  a  smaller  surtace  in  proj^ 
tion  to  their  weight  to  the  action  of  water  than  the  iA»s,  am 
when  agitated  witli  water  tliey  subside  more  rapidly  ;  and  if  su 
jeeted  to  the  action  iif  a  current  of  water,  they  are  held  fur 
shorter  time  in  euspension,  and  are  therefore  carrietl  by  it  to 
emaller  distance. 

The  same  principles  apply  to  the  more  elaborate  processes  d 
washing  adopted  with  the  ores  of  lead  and  tin.  Galena  hafc 
specific  gravity  of  7'6  ;  tin-stone  of  about  7.  Sulphate  of  bariwi 
lia,s  a  density  of  4*0  ;  fluor-spar  of  S'l  ;  and  quartz  of  2*<i5.  Wh* 
reduced  to  particles  toleralily  uniform  in  size,  the  earthy  |Kirtio: 
may  therefore  to  a  considerable  extent  be  8eparate<l,  by  the  ftcti( 
of  water,  from  the  ores  of  lead  ami  tin. 

The  following  is  an  outline  of  the  mechanical  operations  pt 
sued  in  dressing  the  ores  of  lead  and  tin  ;  and  tlic  same  method 
to  a  certain  extent  adopter!  with  the  copper  ores: — 

■  The  ore  having  been  brought  to  the  surface,  if  a  lead  or  co 
per  ore,  is  first  sorted  by  hand  :  the  purest  portions,  or  prilU, 
the  Cornish  miners  term  them,  we  ««t  ft&vdft^MvA  are  readj*  0 
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u^  without  further  preparation  ;  hut  the  bulk  of  the  ore  k 

n  hv  hammers  into  lumps  of  about  the  liize  of  a  walnut,  and 

St  pieces  are  ajjain  picked  out  by  hand.     The  rougher  ]»or- 

?  iTK  to  tlie  croiiiino:  mill,  which  consists  of  a  pair  of  horizontal 

-  placed  parallel  to  each  other  at  a  little  distance  apart : 
ilers  may  be  either  grooved  or  plain.     The  ore  is  supplied 

them  by  a  hopper  from  above.     After  passing  tlirough  the  mill, 
crashed  ore  is  sifted  through  coai-se  sieves ;  the  coarser  parts 
set  aaide  for  the  stampers,  and  the  liner  portion  is  subjected  to 
iXion  of  J  i/jt/inij.     Tliis  consists  in  plunging  the  ore  con- 
X  I  a  sieve  into  a  pit,  through  which  water  ia  constantly 

lowing;  the  workman  keeps  the  ore  in  continual  agitation,  alter- 
litely  raising  and  lowering  the  sieve,  to  which  he  also  gives  an 
lltemate  rotatory  motion,  taking  care  always  to  keep  it  beneath 
he  surface  of  the  water.  By  this  means,  the  contents  of  the  sieve 
Ire  separated  into  layers  of  different  qjiality.  If  it  be  a  lead  ore 
tljieh  is  undergoing  treatment,  the  galena,  from  its  friable  cbarac- 
kt,   is  easily  reduced  to  small  fragments:  most  of  the  galena, 

-  paiwes  through  the  sieve  and  subsides  to  the  bottom  of 
'.  Iiilst  what  is  letl  upon  the  sieve  coiisists  cliiefly  of  the 

ess  trialile  tiuor-spar  and  quartz.  This  residue  is  mixed  with  the 
ijferior  qualities  of  ore,  and  is  transferred  to  the  stampiTig  mill, 
rtiilst  the  richer  part  is  set  aside  for  smelting. 

Tin   ore  is   usually   disseminated   through   a   compact   hard 
Ofttrix,  and  passes  at  once  to  the  stampei-s. 

Blbe  stamping  mill  consists  of  five  or  six  upright  wooden  beams, 
power  enus  of  wlueli  are  shod  witli  iron,  each  beam  wuighiug 
nt  2^  cwt.  These  are  placed  in  a  wooden  frame,  and  are 
fclt«mately  lifted  up  and  allowed  to  fall  back  upon  the  ore  by  the 
Miun  of  arms  projecting  from  a  horizontal  axle,  wliieli  is  turned 
by  water  or  steam  power.  The  ore  is  placed  on  an  inclined  plane 
lehind  the  stampens,  and  shdes  down  under  them,  and  is  crushed. 
The  crushed  particles,  when  reduced  to  a  sufficient  degree  of  fiiie- 
lesi^  are  washed  out  through  a  grating  in  front,  by  the  action  of 
►icarrent  of  water  which  is  constantly  flowing  thruugh  tlie  mill ; 
the  washed  ore  is  carried  into  a  channel  in  which  two  pits  are 
fcrmed ;  in  the  one  nearest  the  mill  the  purer  and  heavier  part 
of  the  ore,  or  crop,  is  deposited ;  whilst  the  more  tinely  divided 
portion,  technically  termed  slime  or  schlich,  accumulates  in  the 
d. 

e  crushed  ore  now  undergoes  a  series  of  washings,  the  object 
which  is  to  separate  the  impurities  from  the  valuable  part  of 
ore. 
e  crop  is  first  subjected  to  washing  in  the  huddh  ;  this  is 
en  trough,  fig.  327,  al>out  8  feet  long,  3  wide,  and  2  deep, 
(1  in  the  ground,  with  one  end  somewhat  elevated.  At  the 
Oppcr  end,  a  small  stream  of  water  enters,  and  is  reduced  to  a 
tinifyrm  thin  sheet  by  means  of  a  distributing  board,  a,  on  which 
&  number  of  small  pieces  of  wood  are  fastened  to  break  the 
The  ore  to  be  washed  is  placed  in  small  quantities 
e  upon  a  board,  ^  aomewhat  more  inclined  than  the  bod^ 
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of  tlie  bnddle,  and  it  i&  Bpresid  out  into  a  thin  layer;    rn*^ 

i^juTiL'*  it  lorwiird :  flu*  ridi« 
Fio.  327. 


^^ 


purtiont«    t^iilMide    i 
nead   of    the    tron 
the  li;j;litf'r  Oiu's  »r 
further  down.     ''Ih 
we  then  tossed  in  the  X-»> 
or  tub,  showu  at  f,  wliieh  iff 
filled   with   WHter,   and   ore 
added  by  a  workman.  -  '  " 
keeps  the   fontont-*    <". 
kieve  in  continual 
by  turnincj   tlte  y 
agitator,  llie  handle  ot  wliich 
in  seen  projecting  at  the  t<<]\ 
Wlien  the  v«s«el  is  m:  :l\ 
full,  the  agitation  is  «t(i|'      ! 
— tiie  kieve  is  istnurk  t^n  .  ■ 
ly   upon    the    eidi 
tiinoa,  and  it^^  com 
allowed  to  8nl>side ;    tin-    :; 
per  half  of  the  sediment  is  again   piitiM'd  througli   the  huilJjLu 
Various  modifications  of  the  washing  pixieesa  are  rusorted  to,  but 
they  are  all  the  &ame  in  principle. 

A  muijh  estimate  of  the  value  of  any  sample  of  dressed  ore  Ia 
obtained  In'  the  process  called  vatining : — A  Miinll  quantity  i«r  t^i' 
ore  is  ]>hicL'<l  on  ii  sliovel,  and  agitated  gently  with  a  piM-ulim  . 
eular  movement  in  water,  then,  bj' giving  it  a  dexterous  liit(i;il 
shake,  the  ditterent  constituents  arrange  thenii^elved  accor<lii)_'  i" 
their  density — the  galena,  or  the  tin-etone,  at  the  l>ottom  ;  it 
this  are  iron  pvrites  and  blende;  and  at  the  top  are  the  lluor-(»j>.u 
and  quartz.  I'he  eye  then  at  a  glance  roughly  estiuiHto*  the 
quantity  of  each. 

The  water  employed  in  the  varioue  waif^hings  in  not  »llrtwell  at 
once  to  run  to  waste,  luit  is  made  to  pass  through  a  ' 
channel,  in  which  the  slime  and  mud  which  have 
away  in  the  different  oiierationii  may  Hubeide.     This  h 
retains  some  portion  of  ore;  and  in  order  to  recover  this        .-    - 
poggible,  it  is  again  sxibjected  to  the  action  of  a  line  stream  of 
■water,  either  upon  an  inclined  talde,  M'hieh  acts  in  n  •■•■-•- 
(similar  to  the  buddle, — or  it  ia  washed  upon  aBwinging  t 
lied  of  which  is  also  inclined,  hut  moveable,  and  is  Mit*p' 
chains  from  Mipports  at  the  four  comers;  the  lie«l  ii*  al: 
ihrui^t  forward  two  or  tluve  inelK*»  by  the  revolution  <»f  u  cai 
wlux'l,  and  is  then   allowed  to  fall   back  against  solid   woo<l 
bearings  with  a  sudden  jar.     The  ore  is  spreml  U|K>n  a  b 
which  overhangs  the  upper  part  of  this  talde,  and  cai-ried  forws 
by  a  gentle  stream  ot  water;  the  heavier  particles  of  the  at 
owing  to  the  superior  niotaontmn  which  tlieir  density  give* 
are  by  tJii*  jarring  nuiviMOfut  of  the  talde  carried  Imck 
upper  pai't  ot  it,  wliikt  th>  -  itopuritiw  are  washed  a\ 
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|l(530)  J^ixuitinff,  or  Oxidation. — Tlie  clioniical  opemtions  are 
~  ibl©  into  two  main  l»nmclies,  one  dependent  on  the  addition, 
other  OQ  the  reitioval,  of  oxygen.  If  the  niinoral  contain 
Itile  ingredients,  such  iis  s^ulplinr  or  ai-senic,  the  process  of 
^iutj,  or  oxidation,  is  tir^it  i-e^orted  to.  In  principle  it  is  ver^ 
Uple ;  the  mode  of  eftecting  it  vtxrit?s,  however,  in  diti'orent  eases. 
In  t'm^  most  common  niethud,  a  fiirniice  of  particular  t-unstriiction, 
termed  a  reverheratory,  is  employcil.    Fig.  32S  shows  a  section  of 
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a revcrberatory  furnace,  ench  as  is  employed  for  roasting  copper 
ores ;<  is  the  platform,  from  which  the  hoppers,  n,  n,  are  charu:e<l 
with  the  ore,  whioh  at  ]jr<»per  intervals  is  allowed  to  fall  upon  Ihe 
befl,  e  r;  the  fnel  is  consnmod  upon  a  distinct  hearth,  a,  and  does 
nnteome  into  contact  witli  the  ore,  from  which  it  is  scparnted  hy 
tlml)n<li;e,  h:  the  heated  pises,  as  they  arise" from  the  Imrnin^ 
inJi'i,  are,  from  the  c(>ti>«triiction  of  the  an-hed  ronf,  roverl)enite<l, 
nt  driven  down  upon  the  ore  to  be  roasted,  and  then  pass  off 
tliivii;»li  the  line/:  when  sufHciently  roasted,  the  ore  is  allnwed 
to  fall  into  the  arched  reco>»,  e,  beneath  the  bed  of  the  furnace 
tlmmch  openings,  rf,  dy  which  are  kept  closed  hy  sltdina:  plates  till 
tift  ma.'iting  is  complete.     After  the  fire  has  been  liirhted,  a  con- 
-apply  of  air  to  the  mineral  i»  maintained,  and  care  is  taken 
i.'tit  the  heat  from  rising  so  high  as  to  melt  the  ore,  which 
iijtijre<i  at  intervals  to  expose  fresh  snrfaces  tn  the  action  of  the 
sir:  the  siilphur  bums  off  in  the  ehape  nf  Bulphiirous  anhydride, 
which  escape-  into  the  atmosphere  ;  whilst  the  arsenicum  forms 
dmeiiiiins  anhydride,  which,  though  volatile,  speedily  becoraea  con- 
densed, and  ia  collected  on  the  sides  of  the  chimney,  or  else  in 
I'hainbers  constructed  for  its  reception,  whence  it  is  removed  at 
intervals,  and  subsequently  pmrified.     In  iiietalhirgic!  operations 
when'  sulphides  of  metals  of  ditioreut  degrees  of  oxifiability  are 
pre^^nt,  it  may  happen  that  the  sulphide  of  the  okml'  uxidizaltle 
metiil  is  completely  couvert,ed  into  a  metallic  oxidii.  whilst  sul- 
phurous anhydride  escauKi,  and  that  the  sulphide  of  the  less  oxi- 
dizable  metal  is  reduceu  to  the  metallic  state.     For  example,  iti 
roasting  copper  pyrites  (tlie  mixed  sulphides  of  copper  and  iron), 
the  iron  is  wholly  converted  into  oxide,  whilst  the  copper  ia  ea- 
tncted  at  once  in  the  metaliie  etote,  by  a  series  of  cai-eful  roast 


S88 


SKDCcnoas.  os  eicBLTtxo. 


ings  (STO).     In  the  case  of  salphide  of  lead,  where  the  .... 
poueeses  but  a  moderate  degree  of  oxidability,  it  is  also  the  pr 
tice  m  to  reiriilate  the  supply  of  air  iu  tlio  furnace  fh*t  dil 
Bulphur  is  wholly  expelled  in  the  oxidized  condition,  whilst 
greater  part  of  the  lead  is  extracted  in  die  form  of  metal  d« 
a  single  roasting  in  the  reverberatory  (S90).     Where  the 
possesses  a  high  degree  of  oxidability,  as  is  the  ca^s  with  zi 
IS  not  practicable  to  limit  the  degree  of  oxidHtion  iu  this  m» 
during  the  roasting:  the  metal  itself  passe*  into  a  state  of 
gimultaneou^ily  with  the  expulsion  of  the  sulphur  as  sulphi 
anhydride  (702). 

(531)  Reducti(m^or  Smelting. — The  second  chemical  pr 
for  the  cxtnu'tion  of  the  metals,  tliat  of  reJueiion,  is  ajiplicable  to] 
most  metallic  oxides,  whether  of  natural  or  of  artilicial  origin. | 
The  object  in  this  case  is  to  remove  the  oxygen,  by  jiresentingtOi 
tlie  mineral  some  boily  which,  at  a  high  temnerature,  hasa  gtronger  j 
attraction  for  oxygen  than  the  metal  itself  posfsetwies.     The  h>\ 
naces  employed  iu  this  operation  are  often  of  great  size,  and  raiyl 
in  form  with  the  nature  of  the  metal :  in  them  the  ore  is  heated 
intensely,  in  contact  with  carlx>n;  carbonic  oxide  and  carbonic 
anhydride  are  thus  pnxluced.  and  from  their  gaseous  nature  tre 
quickly  removed  from  the  sphere  of  action.     It  beromes  net-essan 
at  this  stage  to  get  rid  completely  of  the  earthy  and  other  iuipun- 
ties  of  the  ore,  which  the  mechanical  ojHirations  never  succwti  is 
removing  entirely,  and  which  often  form  a  large  proj>ortion  uiihe 
ore.     In  order  to  effect  this,  certain  fluxes,  or  su1>stance&  which 
are  capable  of  fonning  fusible  compounds  with  tlie  earthy  mil-  i 
ters,  are  added  at  the  same  time  with  the  carbon  ;  the£«  melt  a&d  j 
form  a  kind  of  glass,  through  which  the  rcd\iced  metal,  fixiro  | 
superior  density,  sinks,  and  is  thus  completely  defended  fmm  eon- 
tact  with  the  air:  the  metal  is  at  suitable  intervals  drawn  off  from  j 
the  Ixittom  of  the  ftimace,  while  the  melted  glass — or  */</</,  as  it  j 
is.  termed — runs  off  at  an  aj>erture  left  in  the  side  for  the  puqiose. 
Limestone  is  in  some  cases  added  to  the  ore,  with  tie  view  of 
aiding  the  fiision  of  the  siliceous  impurities :  in  other  instancea 
fluor-spar  or  some  other  readily  fusible  material  is  added,  fur  the 
purjiose  vif  increasing  the  fluidity  of  the  slag.     Much  judgment  ib 
retiuired  in  the  seletrtiun  of  the  flux,  and  in  deciding  ujM>n  the 
pnij^er  projx»rtion  to  be  added:  fre(piently  this  object  is  economi- 
cally etlectefl  by  a  judicious  mixture  of  different  ores  of  the  same 
metal,  e:tch  of  which  aids  the  other  by  supplying  some  compound 
which  wivs  wanting  to  render  the  slag  eumciently  fusible. 

The  various  modifications  of  these  processes  will  be  described 
as  they  present  themselves  in  connexion  with  the  different  metals 
which  r<Mpjire  these  modifications.  Other  modes  of  separating 
individual  rnctals  are  employed,  which  will  he  alluded  to  in  lh<'ir 
ri*spe<?tivo  phice-8.  For  details  ui;>on  metallui^ic  processes.  Pens  V 
2tetalhinfy,  or  the  fourth  volume  of  Dumas'  valuable  work,  Trx'.u 
lie  Chinnt'  apyliqufe  aux  Ar(.ti,  may  be  consulted  ;  and  the  secoTui 
and  thinl  volumes  of  the  same  work  contain  many  excellent  de- 
scriptions ot'  proeoeses  in  which  metallic  chemistry  is  applied  to 
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pTiTnoses  of  indnstr^'  and  commerce.     Pliillips's  MdaUurcfy 
b  1  -iisalltT  ami  raoi-e  coiu])eiKlii>iis  treatise  on  tluH  eultjeet. 

.')  Clii-tntijioifum  of  i/ie  Metah. — Tlie  metals  may  be  dinded 

,. tjtit  groups  (page  8),  rejrsird  being  principally  had  in  this 

irraii'.'eiuent  to  the  convenience  of  indicating  the  method  of  test- 
In^'  fur  the  presence  of  the  metal,  in  the  ordinary  processes  of 
atiakji-i.  in  consequence  of  which  it  is  sometimes  necessary  to 
depart  from  the  strictly  natural  order. 

In  treating  of  the  groups  of  the  non-metallic  and  electro- 
itive  elements,  it  hiw  been  remarked  that  the  electronegative 
racter  of  those  belonging  to  the  same  group  ia  most  strongly 
rked  in  those  wliich  have  the  lowest  combinmg  numV>er;  chlo- 
,  for  example,  being  more  active  than  bromine,  and  bromine 
iodine.  With  the  basylous  or  electropositive  element.^,  the 
erse  generally  holds  good ;  the  basic  jxrwer  of  rubidium,  for 
_  iple,  being  greater  than  that  of  potassium,  that  of  potjussium 
greater  than  tliat  of  sodium,  and  that  of  sodium  being  superior 
to  the  basic  power  of  lithium. 

1.  The  metals  of  the  alkalies ;  these  are  five  in  number — viz., 

1.  Potassium  2.  Sodium  3.  Lithium 

4.  Coisiuni  5.  Rubidiiun. 

These  metals  present  a  close  analogy  in  properties :  sodium, 
which  is  intermediate  in  properties  between  potassium  and  lithi- 
um, posgesses  a  combining  number  which  is  tiie  arithmetic  mean 
of  the  two  for  ^^-1=23.  In  like  manner  the  atomic  weight  of 
abidinra  (85"3")  is  intennodiate  between  that  of  ccesium  and 
sium  n*j*3»=:86.  A  similar  remark  is  applicable  to  the 
ermediate  member  of  some  of  tlie  other  groups. 
The  corresponding  salts  formed  by  the  metals  of  the  alkaline 
group  are  isjcmiorphous  only  when  they  contain  equal  atomic  pro- 
piirtions  of  water  of  crystallization.  With  these  metals  will  be 
described  the  salts  of  amraonimn  :  they  are  isomorphous  \\ith  the 
siilu  of  pola-s^sium,  and  indeed  present  the  closest  analogy  with 
them. 

The  metals  of  the  alkalies  are  distinguished  by  the  following 
charafiters  : — They  are  monad  or   uniequivalent,   and   dispL-uje 
therefore  1   atom  of  hydrogen  from  the  acids.     They  are  soft,. 
ea»fly  fusil>le,  and  volatile  at  high  temjHenitures :  they  have  an 
intense  attraction  for  oxycen,  and  become  tarnished  immediately 
tliat  they  are  exposed  to  tne  air :  when  thrown  upon  water  they 
decom[io6e  it  at  all  tempteratures  with  rapid  disengagement  of 
hydrogen  :  they  each  form  at  least  two  oxides,  but  ordy  one  of 
these,  that  with  the  smallest  proportion  of  o.xygen,  forms  salts : 
the  general  formula  of  this   basic  oxide  is  M^0.     These  basic 
oxideri  combine  with  water  with  great  avidity,  yielding  solubki 
hydrates  of  the  general  formula  MHO ;  their  aqueous  solutions 
are  jiowerfully  caustic  and  alkaline.     When  they  liave  once  com- 
bined with  water,  the  compound  thus  obtained  cannot  be  rendered 
anhydroxis  by  heat  alone.     In  these  metals  the  basylous  quality, 
[or  Uieir  capacity  for  saturating  the  acids,  is  developed  lo  t\\C 
20 
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Itiljhofit  degree.     The  hyflrated  .ilkalies,  when  export  ' 
r-itlicr  in  tlie  solid  furin  tir   in   sohition,  ahtiorh   » 
rapidly  :  each   alkali  I'ontis  with  this  swid  two  sall»,  a  uormi 
eju'i)on!ite  and  an  aiiid  carbonate  commonly  known  as  thy  hicH 
bonate,_both  of  wliicli  are  freely  soluble  in  water.     The  metaU  'U 
the  alkalies  combine  with  snlpfiur  in  several  proportions  ;  all 
these  r'oiiipounds,  also,  are  soluble.     With  chlorine  they  form  but 
n  sitiirle  chloride  :  but  their  oxides  have  the  power  of  c--   '  ' 
with   chlorine,  and  ftmuing  coniponndfi  porvsessed   of   1 
properties.     Lithiiiin,  from  the  (<piu'ing  sofiibility  of  its  cai  Ixhih!*-, 
iunutf  the  connecting  link  between  this  group  and  the  one  which 
follows  it. 

11.  The  metals  of  the  alkaline  earths  are  throe  in  juiiubcr — 
viz.. 


1.  Barium  |       2.  Strontium 


3.  Calcium. 


These  metals  are  dyad,  or  bieqnivalent,  1  atom  usually  d' 
2  atoms  of  hydro«ren  from  its  cciniliinations.     They  «1. 
water  at  all  temperatures  with  great  rapidity  ;  with  the  • 
of  Ininniii,  they  each  form  but  <me  oxide,  and  this  oxide  <_  i 

with  water  with  avidity,  but  the  hydrate  may  he  deeompriftcd  by 
ignition.  The  hydrated  oxide  is  soluble  to  a  certain  extent  il 
water,  and  is  capable  of  forming  salts  by  its  reaction  u]>on  acid 
Thev  each  furnish  but  one  chloride,  which  aasunies  the  ' 
!X"('l,.  The  metals  of  tliis  group  are  also  powerfully 
Thev  fonn  several  sulphides  which  are  soluble  in  water  ;  tb..'  pr^i 
tosulphidcs  being  less  so  tJian  those  which  contain  higher  pro|»ur 
tious  of  sulphur.  With  chlorine  their  oxides  f<irm  bleachiii 
comi>(HHids.  Their  carbonates  are  insoluble  in  jujre  water,  biu 
are  soluble  to  a  email  extent  in  water  charge«l  witJj  carbonic  Nvi^ 
Tliey  fi  >\  ra  insoluble  phosphates  and  oxalates.  The  corrcbponc  " 
salts  of  these  metals  are  in  many  cases  isomoridious, 
III.  Metals  of  the  earths ;  ten  in  number — vix., 


1.  Aluminum 

2.  Cihicinnm 

3.  Zirconium 

4.  Tiiorinum 


5.  Yttrium 

6.  Erbium 

7.  Terbium 


8.  Cerium 

9,  Lanthanum 
10.  Didymium. 


The  oxides  of  this  class  are  insoluble  in  water ;  several  of  the 
luv  tlissolved  bv  solutions  either  t>f  the  caustic  alkalies  or  of  lli«.4 
carbonates.     I'lie  phosphates  of  this  grouj)  .ire  insoluble  in  w*tl»" 
-MmiiiTiiiui   and  glucinum  do  not  ffccomptise  water  at 
tciMpcruturcs  unles<i  the  metals  are  in  a  very  finely  divi<l< 
the  other  metals  of  this  group  are  scarcely  known  in  an  iwilau 
fonn.     The  basylous  character  of  this  group  of  metals  is  moc 
less  marked  than  that  of  tiie  precedinjr  ones.     When  salts  of  ibci^ 
netals  in  solution  are  mixed  with  sulphide  of  ammonium,  preci- 
)itate8  consisting  of  hydratcfl  oxiiles  instead   of  sujjdiidi'-^  sna 
I'lirmcd,  wliilst  sulphuretted  hydn  Manv 

letals  are  very  rare,  and  their  pr  been  bi. 

fcctly  examined.    ZircoDiuin  ie  d<M«lji'  aliiini  to  eilicou.     Ait 
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.  by  the  iBomorphifim  of  its  oxide  witli  seitqnioxide  of  iron, 

|»o]*tility  of  its  chloride,  its  slight  attraction  for  carbonic  acid, 

other  peooliarities,  connects  this  group  with  the  group  of  iron 

Ifagneeian  metals,  three  in  number : — 

Magnesium      |  2.  Zinc      |  3.  Cadmium. 

esium  is  usually  reckoned  as  one  of  the  metals  of  the 
earths  ;  but  from  its  power  of  resisting  oxidation  at  the 
temperature  of  tlie  air,  its  volatility  at  high  tompera- 
the  isomorphism  of  its  salts  with  those  of  zinc,  tlie  snaring 
Jnbility  of  its  oxide  and  its  sulphide,  the  solubility  ol  its  sulphate, 
d  several  other  particulars,  it  stands  in  closer  relation  to  zinc 
id  cadmium.     Magnesium,  zinc,  and  eadmiuni  are  dyads;  they 
bum  with  flame  when  heated  in  air  to  a  tiufficiently  high  tem- 
Iperatnre,  and  each  of  these  metals  tVirras  but  a  single  oxide,  chlo- 
"  ^  and  sulphide,  as  well  as  but  a  single  class  of  salts  with  the 
ides  of  the  acids. 
V.  Metab  more  or  less  analogous  to  iron ;  six  in  number : — 

1.  Cobalt  4.  Iron 

2.  Nickel  5,  Chromium 

3.  Uranium  6.  Manganese. 

They  are  all  dyads  or  biequivalent  metals.     These  metals,  when 
heated  to  <lull  redness,  decompose  the  vapour  of  water  if  it  bo 
transmitted  over  them,  and  become  converted  into  oxides,  whilst 
hydrogen  escapes:  they  are  also  soluble  with  effervescence  and 
evolution  of  nydrngen  in  diluted  sulphuric  or  in  hydrochloric 
Mid.    The  protoxides  of  these  metals  are  powerful  bases :  they 
have  the  general  forninla  N"0,     They  yield  hydrates,  ustudlv  of 
tli«  form  N"0,ir,O,  and  lose  their  water  readily  wlifii  iieated. 
These  protoxides,  with   the  exeej)tion  <if  that  of  uranium,   are 
dinHiUed  more  or  less  freely  by  ammonia,  esjvecially  if  chloride 
ol'ainruonium  be  present  in  the  solution.     Each  of  the  metals  of 
tfiis  group  forms  a  setrijnii>xide,  wliicli,  excepting    in  the  case 
of  those  of  cobalt  and  nickel,  reacts  with  acids  and  furins  corre- 
sjKjiiding  salts:  they   also   fimii  an  oxide  of  the  form  NO,X,0, 
corresponding   with   the   magnetic  oxide   of  irnn  (FeO,Fe,0,). 
Several  of  the  metals  of  this  groiij) — nz.,  iron,  cbriHuiiun,  and 
manganese — form   teroxides   or  even   higher  oxides,   which   are 
very  snluble  in  water,  and  furnish  powerful  metallic  acids.     Ily- 
dmted  sulphides  of  these  metals  are  produced  l»y  the  adtlition  of 
a  S4"»lution  of  sulphide  of  potassium  or  of  ammonium  t\>  a  solution 
of  their  salts ;  the  precipitate  so  occasi»ined  is  insoluble  in  ext-ess 
of  tJie  alkaline  sulphide.     The  chromic  salts,  however,  are  preci- 
pitated as  hydrated  oxide  of  cln"omiuin,  not  as  sulpldde.     Sul- 
phnrette<l  hydrogen  gsts,  wlien  transraittcd  tJirongh  tlie  solutions 
of  these  metals  acidulated  witli  sulphuric  acid,  occasions  no  pre- 
cipitate of  sulpliide,  excepting  in  the  case  of  the  salts  of  cadmium. 
Corresponding  salts  of  the  protoxides  of  this  group  are  isoraor- 
phoas :  and  tie  salts  formed  hy  the  sesquioxides  with  V\\e  %auvt 
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acid  are  likewise  isomorphons  with  each  other.     Clirominii 
nmnganefic  also  exhibit  an  isoinorphous  relation  to  the  sn 
group,  itiai^iriuch  as  the  corresponding  snlphates*,  chromate«,T 
inaiijjanates  have  the  same  cryetalline  form.     In  the  caiie  of  I 
canese  a  singular  connexion  with  the  halogens  is  exhibited  ia| 
isomorjiliii^ni  of  the  pennanganates  with  the  corresponding  "■ 
chlorates  and  pcriodates. 

VI.  Metals  which  yield  powerful  acids  when  their 
oxidee  are  combined  with  water ;  of  these  there  are  ten, 
low : — viz., 


1.  Tin 

3.  Titanium 

3.  Jsiobium 

4.  Tantalum 


5.  Molybdenum 

6.  Tungsten 

7.  Vanadium 


8,  Arsenic 

9.  Antimony 

10.  Bismuth. 


The  first  four  of  these  metals  are  bieqttivalent  or  dyads  nader 
certain  circumstances,  but  tetrad  or  quadrequivalent  in  other  | 
more  usual  cases  ;  tlie  next  three  are  sometimes  tetrads,  but  often 
hexads,  or  equivalent  to  six  atoms  of  hydrogen  ;  whilst  the  liwt 
three,  though  usiially  triads,  are  occaisionally,  as  in  pentachloriJe 
of  antimony,  jwntad  or  quinquequivalent. 

A  close  parulk'lism  in  iu-oj>cities  exists  between  tin  andtit»p] 
nium,  corresjKiiuling  coiniMintids   such    as  tinstone  (SnO,)  and 
rutile  (TiO,)  bt'ing  isomurphous;  they  each  j'ield  a  liijuid  volatilft 
pcrchloride,  iitid  in  this  jmi'ticular,  as  well  as  in  their  powerful 
attraction  for  fluuriue,  tbcv   exhibit  considerable  analogy  with  I 
silicon:  coluinbium   and  tautalnm  also  are  similarly  related  loj 
each  other,  and  to  silicon  ;  they  both  fiiniish  an  anhydride  with  I 
8  atoms  of  oxygen,  fonu  a  volatile  tetrachloride,  and  yield  definitfel 
compounds  with  fluorine.    Molybdenum,  viinadium,  and  tungstco,1 
have  likewise  eertain  analogies  with  eaeh  other,  l>ut  they  are  loai] 
Btrongly  marked;  and  tlie  properties  of  vanadium  arc  not  tmlj 
intermediate  between  those  of  molybdenum  and  tungsten. 

Protoxide  of  tin   is  a  powerl'id  base,  but  basic  qualities  ar 
nearly  wanting  in  the  oxides  of  the  other  metals  in  tljis  grou| 
The  metals  inchuled   in  this  class  decompose  water  when  it 
Taponr  is  driven  over  them  at  a  red  heat  (with  the  exception 
arsenic,  which  is  more  allied  in  character  to  phosphoms  than  to  tl: 
metals),  but  they  do  not  evolve  hydrogen  when  treated   witli" 
diluted  sulphuric  acid,  owing  to  their  want  of  basylous  power. 
Many  of  them,  owing  to  this  tundeney  to  form  acids,  decompoa" 
water  with  evolution  of  hydrogen  in  the  presence  of  a  jwwerfd 
base,  such  as  pota.=.li,     The  metallic  acids  tonned  by  these  meta 
are,  with  the  exception  of  arsenie  acid,  nearly  insoluble  in  wat« 
The  j>e!"9nlphide9  of  this  group  of  metals  are  soluble  in  the  si 
phides  of  the  alkaline  nietals,  and  in  many  cases  form  crysta"" 
ble  compounds  with  them. 

VII.  The  next  group  contains  but  three  metals : — viz., 

1.  Copper         \         2.  Lead  [         3,  Thallium. 
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are  not  related  to  each  other  by  any  strong  chemical  re*eit)- 
eopper  and  lead  exert  no  decomposing  action  npon 
>r,  even  at  a  full  red  heat ;  all  form  powerfully  basic  oxides. 
j»er  and  lead  exhibit  a  considerable  tendeucv  to  the  formation 
ibsalts  ;  they  are  not  dii>solved  by  either  diluted  sulphuric  or 
»v.^"lilorio  acid  ;  they  are  precipitated  from  acid  solutions  by 
[►liiiTetted  hydrogen,  and  their  sulphides  do  not  cond)ine  with 
I  sulphides  of  the  alkaline  metals.  In  the  case  ui'  thallium  the 
icipitation  is  incomplete  ;  copper  form*  aalta  which  are  isomor- 
with  those  derived  from  the  protoxides  of  the  metal»  in  the 
eronp,  and  in  tlie  compounds  which  it  forms  with  carbonic 
aifiplays  a  close  corresjHmdence  with  magnesium  and  zinc,  as 
as  with  cobalt  and  nickel ;  and  lead  in  wmie  of  its  coiiip(>un<l9 
[isomorphoiis  with  those  of  the  alkaline  earths,  but  in  chi-micol 
operties  it  is  more  allied  to  mercury  and  silver.  Tludliuiu  is 
liequivalent,  copper  is  so  occasionalh',  as  m  the  subchloride,  but 
[the  majority  of  cases,  it,  like  lead,  is  bieq  nival  en  t. 

VIII.  The  last  group  consists  of  the  noble  metals,  of  wdiich 
Here  are  nine — viz., 

1.  Mercury        j      4.  Platiniun  7.  Ruthenium 

2.  Silver  5.  Palladium  S.  Osmium 

3.  Gold  I      6.  Illiodium  9.  Iridium. 

These  metals  are  unable  to  decompose  water  at  any  temperature. 
Thev  have  but  a  feeble  attraction  ft>r  oxygen  ;  the  oxides  of  the 
fiRt  tire  being  decomposed  Ik-Iow  a  red  heat,  the  metal  remaining 
iaaii  uuconibmed  form  ;  and  in  iiiany  cases  simple  exposure  to  a 
etn»iig  light  produces  a  similar  decomposition  :  all  of  them  yield 
more  than  one  series  of  salts.  Mercury  and  silver  are  often  found 
mineralized  in  the  form  of  sulphides,  but  the  other  metals  of  this 
gmnp  usually  occur  in  the  native  state,  several  of  them  being  fre- 

Sently  associated  togctlier.  Tiieir  attraction  for  sulpliur  and  for 
lorine  is  much  stronger  than  ftjr  oxygen.  All  of  them  fnrin  at 
litist  two  chlorides,  and  some  three  or  even  four  :  the  chlorides  of 
llie  uoljle  metals  have  a  strong  tendency  to  form  double  chlorides 
with  the  chlorides  of  the  nietuls  of  the  alkalies. 

Silver  exhibits  considerable  analogy  with  lead  :  it  is  powerfully 
b«fcvIouft;  palladium  is  somewhat  allied  to  copper. 

i  IL  Geseeal  Properties  of  the  Compounds  of  tue  Metals 

WFTH   THE   NON-METALLIC   ELEMENTS. 

(533)  Tue  Oxides. — The  most  important  compounds  of  the 
Metals  with  the  non-metallic  bodies  are  those  wliich  they  form 
^th  oxygen-  The  oxides  in  many  ciises  constitute  almntbuit  and 
^ttliiftble  metallic  ores;  such  as  the  ditiereiit  ftirms  of  lueiiiatite, 
ti»e  specular  and  nagnetic  iron  ores,  and  tinstone,  the  ordinary 
oreoftin. 

The  metallic  oxides  may  be  subdivided  according  to  their 
chemical  function  into  3  classes  : — viz.,  1,  basic  oxides  ;  2,  saline 
<'f  inditl'crcnt  oxides;  and  3,  metallic  anhydrides,  which  when 
oyiirated  form  the  metallic  acid& 
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The  atomic  proportions  in  wliieh  the  constituent"*  of  tlie  prin 
cipal  varieties  of  metallic  oxides  are  united  are  exliiUited  in  the 
following  table ; — 

1.  Suboxides,  </N»^i  of  the  tj-pe  H^O  ;  feebly  basic,  such 

Suboxide  of  copper  ^,6u,8^. 

2.  Monoxides*  M'.O  or  N"e,  of  the  tj'pe  H^O;  Btrongly 

basic,  such  as — 

Oxide  of  silver  Ag'.e  |  Lime  ea"0. 

3.  Sesquioxide8^W\B^,  of  the  type  H.O, ;  feebly  basic,  neutxal,, 
or  even  acid,  such  aa — 

Alumina,  3tl"',e, 
Sesquioxide  of  uranium,  ^,0, 
Sesqnioxide  of  cobalt,  €^o"',0, 
Arsenious  anhydride,  A8"',0,. 

■4.  Three-fourths  oxides,  N,0„  of  the  type  H.O, ;  saline  oxi  Jea,^ 
snch  as — 

Magnetic  oxide  of  iron,  Pe"(Fe"')A,  or  Pe"e,P©"',e, 
Chrome  ironstone,  Fe"0,Or"',0,. 

5.   liinojtides,  N"^0„  of  the  type  H,0, ;   rarely  basic, 
generally  neutral  or  acid,  such  as — 

Binoxide  of  platinum,  Pt'^O, 
Binoxide  of  barium,  BaO, 
Binoxide  of  tin,  Sn'"©,. 

fi.  Teroxides,  N"0„  of  the  type  H,G, ;  metallic  anhydrideB,' 
Buch  as — 

Molybdic  anhydride,  Mo"^©, 
TungBtic  anhydride,  W^'O,. 

7.  Anhydrides,  B^O^,  of  the  type  n„0. 
Arsenic  anhydride,  As,0, 
Antiraonic  anhydride,  Sb,0,. 

•  Those  oxides  nay,  iu  fact,  be  regarded  aa  compounds  Tonned  apon  the  trpf  ^ 
a  single  ntom  of  water,  HHB,  if  eacb  atom  of  hydrogen  in  the  molecule  i~  I 

by  on  ntotn  of  a  mptallio  monad,  Duch  oa  potaBaium ;  or  if  both  atoms  of  \\ 
displaced  by  a  ain^le  atom  of  a  metallic  dyad,  auchaa  batiiun,  we  hare  au  aLuKJgqngj 
oxide ;  for  exuniplo : — 

line,  water, 

KKO,  aiiliydrong  potash, 

Hb'O,  anhyrlrous  baryta; 

but  if  only  one  nlora  of  hydroRon  be  displaced  by  the  metalli'"  monad  ' 
hydrate  of  the  tnetallic  oxide.     If  the  roelallic  dyiid  displnce'  half  the  hydrogw  I 
atoms  of  water,  we  have  a  hydrate  of  the  oxide  of  the  metallic  dyad,  as  Ibr  Inistana*  ^^ 

K  >  °  f«> 

„  ^  O,  hydrate  of  potaah         :        Dh  !        ,  hydrate  of  baryta. 

In  t)ie  aesquioxidcs  and  tcroxidi-a  the  molecular  type  is  a  group  oonalsting  ct  I 
atoms  of  water,  each  ntom  of  llie  metal  r^iirppontinp  3  or  6  atoms  of  hrdrogcn  la 
ooniliiuaticin  ;  iiliimlnn  l>eiii)t  (Al")  '  Irutf  (A.I '■)H,0,. 

The  biuoxides  corrt^spond  in  i-<  •  MiiiunLrig  'i  atom*  of  wMer| 

tlj«  }  oxIdeB  to  a  group  ooDtaioiog  -i  ju.mh^  >'•  <t.,.i,,.'i,  tuitl  «o  ou,  us  iudi>:att4>l  la 
table. 
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The  oxides  constitute  so  important  a  series  of  compounds,  that 
will  be  necessary  to  cunsidc'r  their  relations,  particularly  to 
iter  and  to  the  acids,  Bumewhat  more  iu  detail,  cfassitying  them 
the  order  just  indicated. 

1,  ^uiaipides,  of  the  type  /,N,0. — A  few  of  the  dyad  metals, 
as  copper,  lead,  and  nicrcury,  form  oxideti  in  wliich  1  atom 
e  metal,  which  uifiially  is  equivalent  to  two  atoms  of  hydro- 
,  becomes  for  the  time  equivalent  only  to  a  single  atom  of 
drogen.     Thus  we  have  tlie  cujireous  oxide,  or  red  oxide  i»f  cojv 
T  (tiijO) ;  niercurous  oxide,  or  black  oxide  of  laercury  (Hy.t^); 
id  abulxjxjde  of  lead  (Pb.Oj.     Thuugh  each  of  these  oxides  gives 
to  an  unstable  series  of  salts,  it  freijucntly  becomes  decom- 
ifd  into  tlie  nonnal  oxide  and  free  metal ;  suboxide  of  capj)er, 
instance,  becoming  Convcrteil  into  metallic  coi>|>er  and  the 
k  oxide,  Ou,0=€u  +  truO;  but  with  hydrochloric  luud  the 
tioii  is  as  follows :  eu,0  +  2  II Cl  =  lI.B  +  2  euCl.     No 
mial  hydrates  of  these  oxides  ajtpcar  to  exist,  the  suboxides  of 
ercury  and  lead  being  anhydrous,  and  tlie  yellow  hydrate  of 
lapreous  oxide  l>eiug  4  €7U,0,1I,0,  instead  of  tJuIIO. 
2.  Momtridesy  of  the  tyjie  M',0,  or  N"0. — This  class  of  oxidea 
cliKles  all  the  most  poweil'ul  l>ases  :  they  are  formed  by  the  union 
ther  of  2  atoms  of  a  metallic  immad  with  1  atom  of  oxygen,  or 
•y  thi'  union  of  1  atom  of  a  metallif  dya<l  and  1  of  oxygen.     The 
\rA  sulHiivjsion  includes  the  live  alkalies  and  the  oxides  of  thal- 
lium and  silver.     Among  the  utenibers  of  the  second  subdivision 
Kv.  included  the  alkaline  earths,  the  oxides  of  hintlumum,  didy- 
mium,  magnesium,  zinc,  and  cudiuium,  and  tlie  protoxides  of 
(sriiim,  aruuium,  cobalt,  nii-kt.-l,  iron,  chromium,  manganese,  tin, 
topiior,  lead,  mercury,  and  i»atlHiliii]u.     Tlie  anh}'drous  oxides  of 
tlic  alkali-metals  become  converted  into  hydrates  with  extrication 
of  intense  heat  on  the  addition  ui  water,  which  dissolves  them 
r»|>itll_V  and  m  large  quantity,  one  atom  of  water  and  one  of  alkali 
vieMiii-r  two  atom's  ot  the  hydrate  :  e.g.,  K  KB  -f- 11110=  2  KII0. 
The  hydrates  of  the  alkalies  cannot  be  again  decomposed  hy  ex- 
piMire  to  heat,  but  are  slowly  volatilized  without  decom|iusition 
I'V  H  prolonged  elevation  of  temperature.     No  detinite  hydrate  of 
oxide  of  sliver  is  as  yet  known,  ttiough  it  is  soluble  in  a  very  slight 
degree. 

The  ac^tion  of  water  upon  aidiydrous  baryta,  strontia,  and  lime 

isaltio  very  energetic,  a  single  atom  of  the  hydrate  being  iu  each 

iiW}!  foniied  by  tlie  combination  of  single  atoms  of  water  anfl  the 

'i;  as,  for'instance,  ■t?aO  + II,0  =  feaII,0,.     The  hydrate  of 

•ouretjuires  a  full  red  heat  f<ir  its  decomposition,  but  the  hydrates 

baryta  and  strontia  fuse  at  an  elevated  teuiperature,  and  do  not 

t  with  their  water  even  by  pi-olooged  ignition.     These  hydrates 

'^  soluble  in  water,  though  that  of  lime  is  but  sjvai-iiigly  so. 

apnesia  combines  very  slowly  with  water.     It  is  very  sparingly 

*''''ui)le ;  the  oxides  of  lead  and  mercury  are  somewhat  itntre  stdu- 

'^-    The  other  oxides  above  enumerated  do  not,  when  anhydrous, 

'Rlbine  with  water  when  mixed  with  it.     Their  mouohyilratea 

y  usaallv  be  obtained  bj  precipitating  a  solution  of  oue  of  ihcii 
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'salts  by  the  addition  of  a  solution  of  one  of  tlie  alkalies  in  i 
excess.     The  hydrated  oxide  of  copper  hae  the  formula 
2  II,0 ;  those  of  lead  uud  tin  consist  of  2  PbO.li.O,  luivl  2 1 

ii,e. 

Most  of  the  monoxides,  by  their  reaction  with   the  oro 
acids,  form  salts  wliieh  are  neutral  in  their  action  up(tn  test-p 
The  following  equations  may  be  taken  as  exeniplityingsouiej 
nary  cases  of  the  action  of  acids  upon  these  oxides  and 
hydrates : — 

Ag.e  +  2  HNO.^ 

Kiie  +  nci 

Tl,e  +  2HI       = 

eao  +  H,se.  = 


n,e  ^  2  AgNO, 
II, e  4-  Kci 

n,e  +  2  Tll 

D.e  +  easo^ 


8.  Sesqnutxiilcs,  of  the  type  ^"",0,.  —  Mist  of  the  oxides  of 
this  claes  are  feeble  bases  :  among  them  are  included  alumina,  and 
the  sesquioxides  of  cerium,  uranium,  iron,  manganese,  clironiina, 
antimony,  and  bismuth.  They  furnish  salt*  when  acted  uwu  bj 
acids,  but  all  thewe  salts  redden  litmus:  usually  3  atoms  ol  water 
are  separated  by  the  reaction  of  the  base  upon  the  acid ;  ae,  fd 
instance, 

er.e.  +  6HC1   =  3  ir,e  4-  er.ci. 

Fe,e,  +  3  lJ.se,-  3  ll,e  +  Fe,3  SO/ 

The  oxides  of  iron,  aatiiuony,  and  alurainura,  occasionally,  and 
the  oxide  of  uranium  invariably,  however,  form  salts,  with  tb 
elimination  of  1  atom  of  water  only,  two-thirds  of  the  oxygen  xa^ 
maining  in  a  state  apparently  of  intimate  combination  with  the 
metal ;  for  instance  : — 

t?.e.+2  iici=H,e+(e,e)C]/ 

Sesquioxides  of  cobalt  and  nickel  exhibit  no  tendency  to  foni 
salts  by  rciietiou  either  with  acids  or  buses.  When  heated  wltl 
hyLbochhiric  :iL*id,  thin'  evolve  chlurine  and  furnish  a  lower  chlo 
ride ;  no  chloride  corresponding  to  these  sescj^tiioxides  is  known  :- 

€o,e.-hO.Hci=2  eoCi.-i-ci,-i-3  H,e. 

Sesquioxide  of  arsenic  possesses  no  basic  properties,  but  whendi 
solve<l  in  water  is  feebly  but  decidedly  acid  :  the  sesquioxide  <i 
gold  is  insoluble  in  water,  but  its  hydrate  (II,0,Au,0,,  or  AuH(3-, 
presents  the  properties  of  an  acid,  though  they  are  but  feeb" 
marked. 

The  ba.sie  sesquioxides  have  but  a  feeble  attraction  for  wal 
when  preci}Htatca  by  alkaline  stiUit ions  from  the  sol nti<in<5  of  tlv 
6alt.s,  tliey  furnish  very  bulky  gelatinous  precipitates,  which  e 
lose  water  during  drviiig. 

4.  Tkrec-fourth*  Oxides,  of  the  type  N,0,  or  WB,W\Q^ 
These  oxides  do  not  fonn  salts  with  acids,  being  probably  coi 
pounds  of  a  protoxiile  with  a  sesquioxide,  into  the  compoun 
corresponding  to  which  thev  are  resolved  bv  the  action  of  acida, 
as  for   instance!  Fe.e,+.s'lICl  =  FeCl.  +  ^e,Cl.  + 411,0, 
netic  oxide  of  iron  Fcj^,  or  Fe0,Fe,O„  is  tlxe  best  represeffl 
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!  class,  which  is  rather  mimeroiis,  and  inehides  correspond- 

'  oxides  of  chromium,  urmiium,  miinganese,  nickel,  and  cobalt| 

les  the  double  oxides,  chrome  ironstone,  Fe0,Or,O, ;  spinelle, 

"cl,0, ;  galiuite,  ZuO, Al,0,. 
5.  BinoTvles  of  the  type  M,0,  or  N^'O,. 
Of  the^e  there  are  three  distinct  varieties. 
The  first  variety  comprises  the  basic  oxides,  of  whli^h  the  bin- 
ides  of  platinum  (PtO,)  and  palladium  are  the  most  important: 
ev  are  feeble  bases,  and  with  water  form  hydrates,  such  as  (Pt 

>H.e). 

Tlie  second  variety  is  represented  by  the  peroxides  of  sodium 
li,0,)  and  silver  (Ag,0,),  and  those  of  hanum(DaO,),  mangan- 
e,  and  lead.  These  oxides  do  not  form  eorrespunding  salts  with 
ads,  nor  do  tlicy  yield  corresponding  chlorides:  they  retain  the 

ond  atom  of  oxygen  but  feebly.  WIicti  heated  with  oil  of  vit- 
riol they  give  off  oxygen,  and  furm  a  sulphate  corrt^uondiiig  to 
■  ipnitoxide;  2Mne,  +  2fI,S0.=2MnSe.  +  e,  +  3n,e.  \V'heu 

»ted  with  hydrocliloric  acid  they  either  furnish  peroxide  of  hy- 

JUea  or  liberate  chlorine  and  form  water ;  for  example : — 

1.  BaO,  +  2  1ICl=fiaCl,  +  IJ,e,; 

2.  Mue,  +  4  U01=MnCl.  +  2  U.O  +  Cl,. 

M  oxides  some,  as  those  of  potassium  and  >iodinm,  are  d»- 

I  with  evolution  of  oxy^^en  wlien  tln-invn  into  water ;  per- 

OKido  of  barium  forms  the  hydrate  (BaO„  6  1I,*:>)  ;  whilst  the  per- 

iil«s  of  manganese,  lead,  and  silver  do  not  become  hyib-ated, 

three  oxides   last   mentioned  conduct  the  voltaic  current : 

eroride  of  lead,  indeed,  exhibits  some  properties  of  a  iiietallie 

vdrifle,  and  when  fused  with  the  hydrated  alk:ilics  funitsheg 

'iii|Kiutuis  known  iis  pluinbates,  whilat  water  is  evolved;  2  KlIO 

Pl.B-K,Pbe.  +  H,^- 

In  the  third  variety  of  biiioxides  the  character  of  the  metal- 
lic anhydrides  is  di^^tinetly  lujirked :  such,  for  example,  as  the 
st«niiic  anhydride  SnO,,  and  the    titanic,   niobic,   and  tantalic 
ulivdrides,   with   which    silica   and    zirconia  ought  also  to  bo 
these  oxides  do  not  unite  with  water  when  placed  in  con- 
t  with  it,  but  yield  hydrates  possesiised  of  feebly  luuiked  acid 
cliarMftcrs  when  precipitateti  with  due  precautions  from  their  com- 
l^inations.     For  esxch  of  these  birioxides  a  correspfinding  chloride, 
c<*titaining  4  atoms  of  chlorine,  may  be  obtainecL 
6.  2'eroxUle^,  of  the  t^7>e  N'^O,. 

This  class  includei;  the  metallic  anbvdriiles  in  which  the  acid 
I'foporty  is  most  strongly  developed ;  such,  for  example,  as  chromic, 
^wsdic,  molylxlic,  tuu-jsitic,  aiui  nitbenic  aniiyilrides.  Although 
tlie  ferric  and  tnatiganic  anliydridcs  have  not  been  isolated,  their 
!''«•'•'  is  obviously  in  this  group.  The  niolybtUc,  tungstic,  and 
t  nitijiiiif;  anhydrides  are  insoluble  in  water, 
^k    7.  Anhijil/'id'^A,  i»f  the  tyjie  il^j^k. 

^J  Arsenic  and  antimonic  anhydrides,  As,0,  and  Sb,0,  are  the 
^Mpreeentatives  of  this  group  of  oxides :  when  combined  with  water 
^Bey  famish  well-marked  metallic  acids.    Ai"senic  anhydi'ide  ia 
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deliqtiescent  and  freely  soluble;  the  antinionic  compound  dm 
not  combine  witli  water  -when  mixed  with  it. 

The  pjopertiea  of  the  metallic  acids  or  hydrate<i  com 
obtained  by  the  ncti<j<i  of  these  hinoxi<left,  teroxides,  and  per 
tipon  water,  directly  or  indirectly,  will  Ik?  referred  to  again 
alter,  when^lie  liodies  tlieiiiselveft  are  dei*eribe<l. 

The  conijMiunds  of  the  same  metal  with  oxygen  are 
nnmerous ;  and  the  extremes,  or  the  oxide  with  the  maxim 
oxygen,  and  the  oxide  with  the  minimum  of  oxygen.  Imji 
present  chemical  qualities  of  opposite  kinds ;  the  foruicr 
electronegative,  and  possessing  acid  properties,  whJUt  the  ]ova 
oxides  are  electropofiitive,  or  basic  in  their  nature. 

An  excellent  instance  of  this  kind  is  afforded  in  the  ranov 
oxides  of  manganese  :  the  protoxide  (MuO)  is  a  powerful  Liite; 
the  pe8(|uiiixide  (Mn,G,)  is  a  much  weaker  base;  the  red  oxide 
(MnO,Mn,0,)  is  a  saline  or  indifferent  oxide,  and  shows  little  dis- 
position to  fnnnsh  can-esponding  salts  by  reaction  either  npon 
acids  or  alkalies,  and  the  same  may  be  said  of  the  black  oxide 
(MuO,) ;  while  the  two  higher  oxides,  which,  however,  are  only^ 
Known  ill  coinbinution  either  with  hydrogen  or  the  metals,  are 
sohihlc  ilk  water,  when  they  cnnstitute  the  manganic  and  pei 
luaiigitnic  acids  (II^^MiiO,,  and  IIMiiO,).     Aa  a  general  rnle,  tha 

greater  the  number  of  atuuis  of  oxygen  which  an  oxide  contain* 
»e  less  is  it  disposed  ^o  form  salts  by  reaction  with  the  acids:  oi 
the  contrary,  its  bydrute  frecjuently  i>08aesse8  acid  properties,  tni 
then  it  reacts  U]>on  bases  to  turm  salts. 

The  bjisic  oxiiles  in  general  are  devoid  of  all  metallic  appe» 
ance,  and  present  /xr>*  M-cflleHce  the  chiiracters  of  earthy  n)Httei 
The  prtitiixitles,  wlien  solid,  are  all  insuhitoi"*  of  the  voltaic  cnii 
rent  ;  hut  some  of  the  higher  oxides,  such  as  the  peroxides  of  eilvei 
lead,  uud  manganese,  allow  it  to  pass  with  facility.  It  is  singul 
tiiat  all  these  conducting  jwroxides  may  be  formed  in  solutions  < 
salts  of  their  respective  metals  by  the  action  of  the  current  it*«ll 

These  oxides,  when  found  crystidlized  in  the  native  state, 
much  harder  than  the  metals  that  furnish  them,  and  they  gen 
rally  have  a  sjK-cifie  gravity  considerably  les*  than  that  ol  tb 
metals  themselves.  All  the  nxides  are  solid  at  ordinary  tempe; 
tiires;  many  of  them  are  fiisilile  at  a  red  heat,  such,  for  exampli 
as  the  protoxides  of  potassium,  so<liuni,  and  lead,  and  tlie  sestin 
oxide  of  hisuHith  :  Imt  the  oxide  of  eojqier,  molybdic  anhvdnd 
eesquioxide  of  chromium,  and  black  oxi4le  of  iron,  retiuire  amy 
liigher  teiuperaturc  to  effect  their  fusion.  Baryta,  strontia, 
alumina  reijuire  the  heat  of  the  oxybydrogen  jet ;  while  sot; 
oxides,  such  as  lime  and  yttria,  exhibit  no  appearance  of  fusloi 
even  after  the  application  of  this  intense  heat. 

Afi  a  general  rule,  t!ie  addititJii  of  oxygen  to  a  metal  rende 
it  much  less  fusible  and  vohitile.  The  protoxide  of  iron,  the  seeq 
oxide  of  cliromium,  and  molybdic  anhydriile,  are  the  only  oxidi 
■which  melt  at  a  temperature  below  that  of  the  metal  from  whii 
they  are  produced.  A  few  of  the  oxides  are  volatile  at  moderal 
teiiiperatures ;  among  these  araenioua  anhydride,  scsq^nioxide 
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lony,  and  tesfiaroxide  of  oemiuin.     Nine  only  of  the  basic 
ies  are  solnble  in  water  to  any  considerable  extent — viz.,  the 
alkalies,  and  baryta,  strontia,  liuie,  and  oxide  of  thallinm. 
insolubility  of  the  oxides,  however,  is  far  from  being  so  coin- 
in  general  a*  that  of  the  eorreijponding  sulphides,  and  con- 
iiently,  except  in  particular  cases,  it  is  less  advisable  in  analy- 
',  operations  to  separate  the  metals  in  the  fonn  of  oxides  tliun 
of  sulphides;   the  oxides  of  lead,  silver,  aiid  mercury  in 
icular,  are  perceptibly  soluble  in  pure  water, 
""liose  hydrated  compounds  of  oxygen  with  the  metals  which 
acid   charactere — such    as   the   chromifc,  manganic,  and 
lie  acids — are  olYen  freely  sohdile  iu  water ;  but  even  those 
s,  which,  like  the  tantalic,  molylxlic,  and  tungstic,  are  nearly 
lile,  usually  redden  litmus-paper,  though  their  anhydrides 
kvf  no  such  etfect. 

Pri-jMiration.— Most  <>f  the  oxides  may  l>e  procured  in  combi- 
with  water;  generally  speaking,  these  liydrate«l  oxides  are 
ainefl  by  double  deconipusitiini,  on  the  addition  of  the  solution 
fan  alkali  to  one  of  their  soluble  stilts  :  in  this  iniumev  sulphate 
fzine  viehls  hvdrated  oxide  of  the  inetat  on  ad<lirn,'  hvdi'ate  of 
«a.-l.  to  its  solutiun  ;  ZnSf>,  +  2  KIIO^ K,SO,  +  ZiiH;(>,.  The 
etals  which  form  powerful  buses,  like  those  of  the  alkalies  and 
kiiline  earths,  retain  the  water  witli  great  obstinacy  ;  while 
tliers,  winch  are  less  powerful  bases,  such  'as  the  hvdrated  oxide 
foopper,  are  decomposed  at  a  temperature  below  tliat  of  boiling 
Iter. 
The  anhydrous  oxides  may  be  obtained  in  several  ways: — 
(.— They  may  often  be  formed  directly,  by  burning  the  metal  in 
■ir,  or  in  oxygen  gas.  This  ]>rocess  is  best  adai>teil  to  metals 
"  Wi,  like  zinc  or  arsenic,  are  volatile,  or  which  produce  fusible 
ndes,  like  iron  or  lead ;  in  such  cases  the  oxide  is  removed  aa 
f  IB  it  is  formed,  and  fresh  surfaces  of  the  metal  are  continually 
"  to  the  action  of  the  gas.  Anhydrous  potash  and  suda  are 
ained  by  this  method  ;  and  it  is  resorted  to  on  the  large  scale 
tlie  preparation  of  arseuious  anhydride,  and  of  the  oxides  of 
He  and  lead,  Sevend  of  the  metallic  protoxides,  if  roa^tetl  at  a 
f  red  heat  in  a  current  of  air  or  of  oxygen,  alisorb  an  additional 
Bantity  of  oxygen.  Litharge,  <ir  protoxide  of  lead,  is  thus  con- 
erted  into  red  leati,  2  PltO.PliO, ;  and  ]>eroxidt;  of  barium,  BaO„ 
in  this  way  be  obtained  from  Imrvta.  2. — Another  method 
sints  in  the  formation  of  a  nitrate  of  the  metal  by  means  of 
itricacid;  the  nitiikte  is  then  decoinposod  by  heat,  which  expels 
M  elements  of  the  anhydride  and  leaves  the  oxide :  iu  this  way 
oxides  of  mercury,  bismuth,  antimony,  copper,  Imriuin,  and 
fjntium  are  prepare<l.  3. — In  some  casei*  it  is  found  advanta- 
f*na  to  prepare  the  oxide  hv  the  tlecomposition  of  the  eurbonate 
metal  by  heat.  All  the  carhoiiiitcs,  with  the  exceptiiin  of 
►of  cresitmi,  rul<idiuni.  sodium,  potas!*iuiii,  and  biiriiiMi,  are 
Bposed  at  a  red  heat.  Lime  is  thus  commonly  oi)tained  from 
liwtone,  which  is  an  impure  carbonate.  4. — Sometimea  the 
ydrated  oxide  is  Srst  preeipitatml,  as  already  mentioned,  fttvd 
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tlieu  rendererl  anhy<lr<»us  by  heat ;  in  this  manner  the  ■-' 
of  iron  and  urunimn  are  often  prepannl.  5. — Oc<jtt> 
ignition  of  a  i<ul|ihate  is  resorted  to,  as  in  preparing  aliiitiuiH  and 
sesijuioxide  of  iron.  6. — All  the  acid  oxides  may  f)e  obtained  by 
denagj'atinu;  the  metal  or  its  sulphide  with  nitre ;  the  tendency  of 
the  Mietallif  acid  to  unite  with  the  alkali  favours  the  oxidatiuo 
of  the  metal:  the  higher  oxides  of  osmium,  titanium,  ittaut^aiieiw, 
and  chromium,  as  well  as  of  some  other  mutala,  may  be  oi)taiQed| 
in  this  way, 

JjivomjMMif/on^a. — 1.  By  the  iietion  of  a  red  heat  many  of  the 
oxiilei?  lose  tiieir  oxygen,  either  i»artially  or  entirely.     The  oxides 
of  gohl,  silver,  mercury,  platinum,  and  ]«illadiura  nmv  thus  be 
completely  reduced;   the  peroxides  of  lead,  cobalt,  nickel,  and 
barium,  return  to  the  state  of  protoxide;  and  the  metallic  anhy-4 
drides  lose*  a  portion  of  their  oxyjien ;  for  example,  arsenic  and 
ciiromic  anhydride*  are  thus  converted  renpectively  into  anr^nioiu 
auliydride  and  sesquioxide  of  chromium.     The  higher  oxides  of  j 
iron  and  manijanese  furnish  the  mjiiruetic  oxide,  Fe.O,,  and  the^ 
red  oxide  Mn,0,.     It  may  be  stated  as  a  general  rule,  liable  ho%(r- 
ever  to  exception,  especially  in  the  case  of  the  aci<litiablc  tnetsls^ 
that  the  attraction  of  a  metal  for  oxygen  increases  in  the  inverecrl 
pii>portion  of  its  specific  gravity ;  the  lightest  tiietale,  such  as  fK>-] 
ta>(«ium  and  sodium,  l»eing  the  most  rea<iily  oxidized,  while  pIi^J 
tiiiiim,  iridium,  and  gold,  which  are  tiie  densast  nietaU,  are  aJiO" 
those  which  show  tlie  sinallejit  tendency  to  combine  with  oxy-, 
9n. 

3. — The  oxides  are  not  affectijd  by  hydrogen  gas  at  the  ordi-i 
nary  temperature  of  the  air.  All  the  higher  oxides  of  the  metals  I 
are  readily  reduced  to  protoxides  l)y  hydmgen  at  a  low  red  beiitvd 
whilst  water  is  fonned ;  and  at  a  full  red  heat  a  large  number  ol*( 
them  are  reduced  to  the  metallic  state.  This  reduction  goi**  anj 
most  readily  when  the  current  of  hydrogen  is  brisk,  so  tliat  thaj 
vapour  of  water  is  carried  awav  as  fast  as  it  is  formtnl.  Tit. 
of  n)any  of  the  metals  which  ilecompose  water  at  a  rc<l  In 
nevertheless  be  deprived  of  their  oxygen  in  a  liritsk  eurreul  of 
hydrogen ;  this  is  the  case,  for  example,  with  the  oxides  of  irot 
zmc,  and  cadmium ;  but  not  with  chromium  or  manganese.  Th< 
alkalies  and  the  ejirths  are  not  reducible  by  hydrogen. 

3. — The  reducing  action  of  carbon  at  a  hidi  tetn|>orature  is 
still  more  important ;  all  the  metals  which  yield  their  oxygi-n  U>1 
hydrogen  do  so  to  carbon,  and  potjissium  antl  sodinm  are  obtjiin- 
able  trom  their  comj)ounds  by  its  agency.     This  aris<>s  in  {rart^ 
from  the  volatility  of  these  two  metuls,  which  is  sufficient  to  enab 
them  to  be  distilled  from  the  carbonacciyus  mixture.    Lithium  anc 
the  metals  of  the  earths  are  not  Kuthcicntly  volatile  to  pa^s  «»V4 
in  vapour,  and  though  tlieir  attraction  for  oxygen  is  less  intf  n^el 
than  that  of  potassium  or  of  sodium,  they  cannot  be  obtuinw' 
from  their  oxides  by  the  acti<in  of  carbon.     It  depends  upon  tlic 
nature  of  the  metal,  and  ujion  tiie  temperature  employe<l,  v\ ' 
the  gas  that  is  fonued  during  the  rcfluction  be  carbonic  . 

mio  anhydride.    The  more  readily  oxidizable  metals,  ouci 


MTIMATION  OF  OXTOEW  TS  METALLIC  OXIDES. 


301 


jiaiu.  srinc,  and  iron,  at  a  high  temperature  decompose  car- 
[mic  anhydride,  so  that  carbonic  oxide  only  is  formed  wlien  tliey 
are  reduced;  while  if  the  reduction  takee  place  readily,  aa  is  the 
cnfte  •with  eopner  and  lead,  carbonic  anliydride  is  obtained. 

4. — Dry  cMoriiu!  sometimes,  even  without  the  apjdication  of 
hejtt,  decompcjse^  the  basic  metallic  oxides,  Ruch  as  oxide  of  silvoi 
and  the  rc<l  oxide  of  mercury,  expelling  their  oxygen,  and  con- 
verting them  into  chloriiies.  At  an  elevated  temperature,  few  of 
them,  excepting  those  of  magnesium  and  of  the  earths  in  the 
third  group,  resist  its  action:  the  oxides  of  gold  and  platinum 
are  Bimply  reducetl  to  tiie  metallic  state,  but  chlorides  of  the 
metnls  are  formed  in  other  eases. 

If  tile  oxides  be  hydrated  and  suspended  in  water,  the  action 
of  chlorine  ifi  quite.  <liilerent ;  the  metals  of  the  lii'st  two  groups 
yield  bleiu-hing  com|x>und.s,  and  by  lieat  are  converted  into  chlo- 
rate* and  chlorides,  in  the  manner  already  explained  (379).  The 
oxides  of  the  third  group,  tiie  earths  jiroper,  experience  no  par- 
ticular eliange,  but  tliose  in  the  ferric  group  are  converted  into 
a  nkixture  of  chloride  and  hydrated  ses4pnoxide.  The  Bes<pioxidea 
of  cobalt  and  of  nickel  are  usaallv  ])repared  in  this  manner:  for 

example.  3  eoii,e,+ci,=eoci,+eo,e.,  s  ii,e. 

If  ihc  liquid  bo  fitrongly  alkaline,  the  whole  of  the  metal  may 
be  converted  into  sesquioxi'de ;  2  OolI,0,  +  2  KII04-Cl.j=6o,0„ 
3  H,0-i-2  KCI,  The  y»ota.sh  in  this  case  parts  with  its  oxygen, 
which  is  transferred  to  the  cobalt,  whilst  the  clilorine  combines 
with  the  potassium.  The  protoxide  of  manganese,  under  these 
circumstaneos,  yields  the  hydrated  peroxide,  MnO,.  2  H,0. 

If  the  metal  be  capable  of  forming  an  acid  with  3  atoms  of 
oxTgen,  the  process  of  oxidation  may  even  proceed  further,  and 
the  sesquioxide  may,  in  the  presence  of  a  large  quantity  of  potash, 
become  converted  into  the  tnctallic  acid,  which  reacts  upon  a 
portion  of  the  excess  of  alkali  and  forms  a  salt,  as  in  the  case  of 
sesHiaioxide  of  iron,  when  ferrate  of  |wfa.ssium  is  produced;  Pe,0„ 
3  Il,e  +  lU  KIie-h3  Cl,=2  K,Pee,-h6  KCH-S  h,o. 

5. — Most  of  the  oxides  are  decomposed  more  or  less  completely 

fhen  h'-ated  with  sttlphur ;  the  alkalies  and  alkaline  earths  are 

ivcrte«i  into  a  mi.^turo  of  sidphiite  and  sidphide,  Itut  magnesia, 

^ride  of  chromium  (H,  stannic  and  titanic  anhydrides,  as  well  as 

the  met4ils  of  the  earths,  or  those  of  the  third  grouj),  are  unaltered. 

lost  of  the  other  oxides  are  converted  into  sulphides,  with  escape 

salj'buroiis  anhydride.  The  oxides  are  more  readily  decom- 
posed by  sulphur  if  they  l>e  previouslv  mixed  with  carbon. 

(.'»34)  Eilinuilinn,  of  Oxygen  in  JfetaUic  Ox^ides. — The  compo- 
■hion  of  a  metallic  oxide  may  be  ascertained,  if  it  be  decom- 
posable by  hydrogen,  by  heating  the  compound  in  a  current  of 
this  gas,  cjilleetitig  and  weighing  the  water  produced,  and  deter- 
In'  unt  of  reduced  metal  which  a  given  weight  of  the 

o:  iii<l.     In  other  cases  their  composition  is  determined 

e;  liy,  a  given  weight  of  the  metal  being  converted  into 

!•  .:ier  by  heating  the  metal  in  a  current  of  air,  or  by  con- 

it  into  a  nitrate,  and  afterwards  expelling  the  element*  of 
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nif  1-ic  anhydride  by  the  application  of  Leat,  and  weighing 
quuiitity  of  oxide  whicli  is  left. 

{o'-io)  SuLPiirnKS.  —  The  combinations  of  gulphor   with  thaj 
niotals  are  numerous ;  they  are  in  many  iustiuicuB  of  great  value, 
and  funu  important  ores.     A  large  number  of  the  native  sulj^hidt 
ulVen  exhibit  a  high  metallic  lustre,  as  is  Bhown  by  the  suipt 
of  iron,  copper,  lead,  and  antimony. 

Sulphur  freaueutly  combines  with  the  same  metal  in 
proportions,  and  it  usually  happens  that  for  each  oxide  a  com»-' 
sponding  sulphide  may  be  formed.     Sometimes,  a*  in  the  case  of 
the  metals  of  the  alkalies  and  alkaline  earths,  the  sulphides  are 
more  numerous  than  the  oxides :  for  instance,  three  oxide*  of| 
potassium  and  sodinni,  and  two  only  of  barium  are  known,  bat 
there  are  not  fewer  than  five  sulphides  of  each  of  these  metals. 

All  the  metallic  sulphides  are  Bolid  at  ordinary  temperHtures.^ 
Most  of  them  may  be  fused  at  a  heat  a  little  above  reoneea,  andl 
if  the  air  be  excluded,  tlie  protosulphides  undergo  no  chanjre  ii 
composition  ;  but  many  of  the  h.igher  sulphides,  such  us  tlicbisul'^ 
phiile  of  iron  and  bisulphide  of  tm,  are  decomposed,  and  give  nffj 
the   second   atom   of  sulphur,  whilst  a  lower  sulphide   of  the 
metal  is  left.     Sesquisulphide  of  arsenic,  or  orj»iment  (Ar,S,)h 
and  sulphide  of  mercury,  or  cinnabar  (HgS),  may  be  ^ublimeiil 
if  excluded  from  the  air ;  that  is  to  say,  they  may  be  converted] 
into  vapour,  and  recondensed  in  the  solid  form  ;  indeed^  theaa' 
sulphides  are  usually  puriiied  by  this  operation. 

The  suli)hidea  of  all  the  metals  are  insoluble  in  water  withl 
the  exception  of  those  of  the  alkali-metals  and  of  strontiara  anc' 
barium.      Sulphides  of   calciiun  and  magnesium,  however,  are 
sparingly  suhible. 

If  wnlutions  of  the  sulphides  of  the  metals  of  the  alkalies  An( 
alkaline  eartlis  be  subjected  to  a  current  of  gaseous  sulphurettx 
hydrogen,  they  combine  with  it,  and  form  soluble  compoui 
which  correspond  to  the  hydrates  of  the  oxides  ;  for  example ; — 

K,s+n,s=2Kns 

eaS-f-H.S=eaS,H,S. 

The  compoundg  thus  formed  have  been  termed  sulph-hydr 
Those  of  calcium  and  magnesium  are  decomposed  iuto  hydrates 
by  boduig  with  water;  for  example  : — 

MgS,H,s + 2  n.e=Mge,H,e + 2  n,s.  ■ 

Several  of  the  sulph -hydrates  may  be  obtained  in  cryetala,  if    " 
evaporated  in  vessels  from  which  air  is  excluded. 

The  sulphides,  like  the  oxides,  may  be  subdivid*^  into  baaie 
and  acid  sulphides,  according  to  the  nature  of  the  metal  and  thaj 
number  of  atoma  of  sulphur  with  which  each  atom  of  metal 
coml>ined.     These  may  be  supposed  to  be  formed  on  tJie  type  oi 
ot»e  or  more  atoms  ot  sulphuretted  hydrogen,  as  thr.  Dxidw  ar 
np<in  tl>e  type  of  one  or  more  atoms  uf  water.     Tli' 
ot  the  alkaline  metals  afford  illustrations  of  ba^i. 
they  enter  into  combination  with  the  higher  gul])hidcb  ui  UMd 
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Mch,  like  antimony  and  ar*eni*r,  form  acids  with  oxviTPn.  Per- 
l^iliide  of  )ir*enic,  or  arr-enic  siil|)luinhyilride  (As,S,|,  in  tliiii  way 
iMUi^  with  sulphide  of  jindimn,  and  fonnsa  crv^tullinu  suluble 
pmpiiiinil(3  Na^S.A.'ijS,,  15  11.^0)  ;  and  in  like  manner  i>ersHl]ihide 
'^antimony,  or  antiinonic  siil[ilianhydride  (i^bjSj,  foiTiid  a ftohible 
iipound  with  sulphide  of  sodium  (3  Na,S,  Sb,S„  IK  H,0,  or 
„  9  H,0),  which  cr\-stull  izLM  in  beautiful  transparent  tetra- 
A  lai^  nnmlwr  of  similar  t'Dmpounds  may  be  formed 
the  sulphides  of  other  metals,  and  thesie  compounds  are  for 
I  most  partsijluble  in  water. 

lu  con.sci]Tience  of  the  tendency  to  the  formation  of  these 

lonlile  sulphur  salts,  many  of  the  sulphides  which  are  insoluble  in 

rater  are  disskilved  freely  by  .solutions  of  sulphide  ol"  pota.ssium 

r  of  sulphide  of  ammonium  ;  and  this  circumstance  is  frequently 

advantage  of  in  tlie  laboratory  durin^;  the  pnin;ress  of  an 

alysis,  for  the  purpose  of  separatinfi  certain  uu'tiils  the  6ul])h]dea 

pf  wkicli  are  soluble  in  solutions  of  the  sulphides  of  the  alkalifi- 

ibte  nietjiis,   from  others  which  are  not  soluble  in   these  cora- 

HiomLj.     The  following  sulphides  may  be  disstilvetl  by  a  solution 

Df  sulphide  of  ammonium,  and  by  a  solution  of  sidphide  of  pota&- 

f  ium  :— 


PWrolphide  of  gold Au,9, 

Kjulpliide  of  platinum PiSi 

S«!()ui3ulphLd»  of  rhodium. . .  .flOiSt 

S5W)ui»tiIpliid!!  of  arsenic, AsiS, 

Pirsiilpliidc  of  arsonic A"  jS» 

^'iioijtilphido  of  antimony.. .  .Sb8. 

fwulphiiie  of  mitiiiioDy Sb^S. 

Bisulpliido  of  vanudium. VSt 


Tersulphido  of  vanadium ¥8i 

Tereulpiiide  of  tunireten. WS» 

Toreulpliitlt'  of  molybdenura . .  .MoSt 
Qnndrisulphido  of  molybdenum  .Mo9t 

Proto»«U''i''J<^  of  tin Sn.S 

Bisulphide  of  tin SaS, 

"She  Bulpkides  of  tellurium. 
The  iulpliides  of  iridium. 


The  double  salts  thus  obtained  are  decomposed  by  the  addition 

fail  acid,  such  as  the  sulphuric  or  the  hydrochloric,  snlphuretteci 

yilmpen  bein^j  evolved,  whilst  the  sulphide  of  the  electron  egative 

lOWal  is  precipitated  ;  for  example,  3  Na,S,Sb,S,  +  lJ  llCl  become 

6.\<iCl  +  Sb/.+3  H.S; 

These  electro-negative  sulphides  are  often  soluble  in  Bolutions 
jOf  the  alkalies,  forming  a  mixture  of  a  aulpho-salt  with  an  oxy-salt. 
>t5»iiuitiulphide  of  antinumy,  for  instance,  when  dissolved  in  caustic 
otash,  g^ives  the  following  result : — 

Sb,S,+6  KHe=K.Sbe,4-K,Sb9,+3  U.O. 

Decomposliiotu. — If  free  oxygen  or  atmospheric  air  be  allowed 
fefcto  the  heated  sulphides,  they  are  all  dpcomposed  ;  the  buI- 
^iir  becomes  oxidized,  and  passes  off  as  sulphurous  aniiydride, 
'h'llst  the  metal,  in  most  cases,  as  occhts  with  tin,  antimony,  and 
ttolvtHJonum,  remains  in  combination  with  oxygen.  The  siil- 
lii<leftof  the  metala  of  the  alkalies  and  of  the  alkaline  earths  be- 
Biue  converted  into  sulphates  of  the  metal,  and  the  same  thing 
cars  less  completely  with  many  of  the  metals  which  have  a 
^ug  attraction  for  oxygen ;  the  sulphidea  of  iron,  load,  and 
"I'per,  are  partially  converted  into  sulphates,  but  by  a  stronger 
Cat  these  sulphates  afterwards  lose  their  acid,  and  tlie  oxide  of 
be  metal  onlj  ia  leil.     The  aulphides  of  the  noble  metals,  wlieu 
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roasted  in  a  current  of  air,  lose  their  Bulphur,  whicL  bunw  ol 
the  form  of  fiuli)hiiroiis  aiihy*lride,  whik'  the  pure  inetAl  rei 
behind,  thini<;li  in  the  case  of  silver  a  portion  of  sulphate  of 
is  comnioiily  formed. 

Many  of  the  hydrated  sulphides  become  oxidized  by  < 
to  the  ai'r,  and  generally  are  converted  into  sulphates.     Ji 
sulphide  of  iron,  however,  fumislies  hydrated  sesquioxide  ut  ik 
metal,  whilst  Esiilphur  is  lilwrated :  whilst  the  sulphides  of  tk 
metals  of  the  alkalies  and  alkaline  earths  l>eeome  converted  into 
liyposulphites;  for  instance, 2€aS  +  H,e+ee,+2e,=eaSA6| 

A  larpe  number  of  the  sulphides,  especially  those  of  the  more 
oxidizable  metals,  such  as  those  of  iron,  zinc,  and  manganese.  «re 
dis-solved  by  diluted  hydrochloric  acid  when  cold.  an<l  still  more 
readily  when  heated, — a  chloride  of  the  metal  and  hydrosulphnric 
acid  being  formed.  Others,  such  as  those  of  nickel,  cobiut,  aiul 
lead,  require  boiling  with  the  concentrated  acid :  it  is  in  thiiTray 
that  hydrochloric  acid  acts  upon  the  sesquisulphide  of  antimooj; 
Sl),S,-f-«  II CI  l)ecoming  2  SbC],-|-3  D.S.  Sulpluiric  acid,  wliefl 
diluted,  acts  in  a  similar  manner  upon  the  sulpliides  of  the  more 
oxidizaide  metals,  thougli  less  readily  than  hydrochloric  acii 
The  suli)hides  are  all  decomposed  wlien  heated  in  a  cum^nt  of 
chlorine  gas,  chloride  of  sulphur  and  chloride  of  the  metal  Uing 
formed.  This  prowrtv  is  st>metimes  made  xise  of  in  the  annl>'i*ts 
of  ores  consisting  chieiij'  of  sulphides,  or  of  sulphides  and  arsenide* 
of  the  metals  ;  the  volatile  metallic  chlorides  are  in  tliis  way  iep»- 
rated  from  the  more  lixed  ones.  Aqua  regia  attacks  and  decom- 
poses the  sulphides  as  readily  as  gasertus  chlorine  ;  and  a  mi-xturt 
of  hydrochloric  acid  and  chlorate  of  potassium  is  eqnally  effevrual 
in  decomposing  them.  With  the  exception  of  sulphide  of  mercurv, 
they  are  also  decomjxised  by  nitric  acid,  sulphuric  acid  and  nitrate 
of  the  metal  being  formed ;  during  this  operation  part  of  ibo 
sulphur  is  olYen  separated  in  the  form  of  tough  elastic  niasecs, 
which,  if  the  heat  be  continued,  collect  into  yellow  globules,  and 
can  be  oxi<lized  only  by  prolonged  digestion  in  the  acid.  Whet 
the  sulphides  are  fuseil  with  the  alkaline  carlwnates  or  with  lh« 
hydrated  alkalies,  they  are  partially  decomposed,  and  the  ram* 
contains  a  variable  uiixture  of  alkaline  sulpliide  with  oxide  of  tli« 
metal,  and  ditferent  oxysalts  of  sulphur. 

Before  the  blowpipe  the  sulphiaes  are  easilj  recognised  by  tha 
odour  of  sulphurous  anhydride  which  they  emit,  cither  whea 
heated  in  a  glass  tul>e  open  at  both  ends,  or  when  roasted  npoO 
charcoal.  Some  other  particulars  relating  to  the  sulphides  hav< 
been  already  mentioned  (42SV 

PtejHiration. — Many  methods  for  preparing  the  eulphidefrma; 
be  a<lop1e<l.  1.— Sulphur  may  be  heated  with  the  metallic  oiid( 
many  of  which  it  decora})oses :  with  the  alkalies  and  alkali 
earths,  a  sul]»hute.  and  a  sulphide  with  variable  proportions  o 
sulphur,  are  obtained :  but  when  detinite  and  pure  sulphides  ai 
required,  other  means  should  be  adopted.  2. — The  lowest  e 
piudcs  of  the  metals  of  lUe  &lk&Ue&  %ivd  olksLlvne  earths  may 
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iTOcured  by  decomposing  their  sulphates  by  igniting  them  in 

Ufu^rl  vesst'U  with  chan-oal ;  oxygen  is  removed,  carbonic  oxide 

brmcd,  and  the  reinainiu"  suIpUide  may  be  dissolved  in  water  and 

5ree«l  Irmu  the  excesa  of  dfiarcoal ;  K,JjO,  +  4  0=K,S  +  4  OO. 

}. — Hydrogen  is  sometimes  employed  for  nreparing  the  sulphides 

frtmt  t)ip  sulphates,  which  are  t4i  lie  placeu  in  a  tube  and  ignited 

rent  of  the  gas.     In  this  manner  the  protosulpludes  of  the 

liile  metals  are  easily  obtained,  but  the  sulphates  vt'  the 

other  metals  frequently  lose  a  portion  of  the  suljihur,  as  well  as 

ill  their  oxygen,  and'&ubsulphides  are  procured.     4. — Many  of  the 

met&Ih  combine  directly  with  sulphur,  if  heated  with  it,  and  form 

ealphitles ;  but  the  compounds  thus  obtained  often  contain  sulphur 

dissolved  in,  or  disseminated  through,  the  mass.     Suljihide  of  iron 

it  ii->iially   prepared   in  this  manner.     Indeed,  sulphur,  though 

itielf  combustible,   supports  the   combustion   of  many  metallic 

BBies,  which  burn  vividly  when  heated  in  its  vapour.     5. — In 

^Bv  cases  the  sulphides  may  be  formed  by  heating  the  metal  in 

^Bbrent  of  sulphuretted  hydrogen,  or  u>  the  vapour  of  bisulphide- 

^rWhon.     This  latter  method  is  the  plan  eominonly  adopted  in 

procuring  sulphide  of  titanium  from  titanic  acid  ;  TiO,  +  0!?,=¥i 

S,+€0,.     (5. — Ilydrated  sulphides  of  the  metals  of  the  last  throe 

groii[«  may  also  be  procured  by  passing  a  stream  uf  suljihurettod 

ti  through  neutral  or  acid  solutions  of  their  salts,  when 

1-  precipitated  in  the  insoluble  form.     7. — The  hydnited 

lalpbides  of  zinc,  iron,  manganese,  cobalt,  and  nickel,  uhieh  are 

not  thrown  down  by  sulphuretted  hydn)gen,  may  be  prepared  by 

double  decomposition,  by  mixing  a  solution  of  the  salts  of  any  of 

tliese  metals  with  that  of  a  sulphide  of  one  of  the  alkaliliable 

metnls:  thus  sulphate  of  manganese  if  mixed  with  sulphide  of 

SHussium  vields  sulphate  of  potassinni  and  sulpliide  of  nmiif^aiiese ;. 
mSO,+./'"ll,0,K,S=K,SO,4-^II,O,MnS.  In  many  cases  the 
colimrs  of  these  hydrated  suljihides  are  characteristic  of  the  metal : 
—for  example,  the  hydrated  sulphide  of  zinc  is  white;  that  of 
niAiiganeae  tlesh-re<i ;  those  of  eadtnium,  arsenic,  and  persulphide 
tiftin  are  yellow ;  and  that  of  the  hydrated  protosulphide  of  tin  is 
chocolate-brown.  The  sulphides  of  molybdenum,  rhodium,  iridi- 
um, and  osmium  are  brown,  each  with  its  peculiar  shade  ;  whilst 
III  a  large  number  of  instances — Including  the  sulphides  of  iron^. 
alt,  nickel,  uranium,  vanadium,  bismuth,  copper,  lead,  silver,, 
cttry,  gi-ild,  platinum,  and  palladium — the  precipitatetl  sill- 
ies are  of  a  black,  more  or  less  pure. 

[(53(1)  EillrruUiirn.  of  Sulphur  in  MetaUic  Sulphides. — Sulphur 
iways  estimated  in  the  form  either  of  sulphuric  acid  or  of  free 
phur.  The  sulphur  in  a  sulphide  is  easily  converted  into  sul- 
iric  acid  by  the  agency  either  of  gaseous  chlorine  or  of  aqua 
^11 :  and  the  soluble  sulphates,  when  mixed  in  slightly  acid  sidu- 
titm  \ritli  a  salt  of  barium,  yield  an  insoluble  sulphate  of  barium, 
the  ftiiiuiuit  of  which,  after  it  !uis  been  well  washed  with  boilin<i 
Water  and  ignited,  furnishes  data  for  the  calculation  of  thcsuljibur ; 
0  parts  of  sulphate  of  barium  rejiresenting  li-i'^-i  of  sulphuric 
bjJride,  or  13'74  of  sulphur.  If  a  salt  of  silver  be  present, 
20 
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nitrate  of  barium  must  be  employed  to  precipitiitc  the  fmlpborie 
acid. 

If,  during  the  fiolutictu  of  a  sulphide  in  aqnu  rcgjia,  the  snlplmr 
have  collected  into  dear  yellow  balls,  and  the  action  njion  the 
ore  appears  to  l»e  eoinplete,  it  is  not  neccatiary  to  wait  till  the 
whole  of  the  sulphur  Is  dissolved  ;  the  undissolved  ]H»rtiiin  nJHV"  1»0 
ctdlected  on  a  Bmall  counterjHtised  filter,  and  weighed,  and  ita 
anuiunt  must  be  added  to  that  which  has  been  etmverted  into  »id- 
phurie  iicid,  the  pmpttrtitiii  <>f  which  is  to  be  as<':ertaiuud  br  invMVS 
of  a  barium  salt  in  the  manner  above  described. 

(537)  The  aELKMOKs  and  TELLUKinEs  are  cloBoly  analngons 
to  tlie  sulphidfs  in  generid  eharaeters,  but  thev  are  too  nuns  lit 
need  particular  description.  The  presence  of  selenium  in  a  eom- 
pouuu  is  readily  ascertained  by  the  ])eculiar  ixlonr  which  it  einita 
when  heated  in  the  reducing  narjie  of  the  blowj>i[»e. 

(I»^8)  GuLoRiDEs. — -Ju&t  as.  the  difl'erent  dajirtes  of  oxi«l(?8  may 
be  cf  »<c.eived  to  be  fonned  from  one  or  more  atotni*  of  water  in 
whir^>  The  hydriJgen  is  displaced  by  metal,  s«»  the  ditFereiit  v»rie- 
lies  of  chlorules  may  be  referred  to  one  or  moi"e  atoms  of  hydro* 
•chiiin'o  acid,  in  which  the  plac«  of  the  hydrogen  ia  supplied  \>y  a 
metal. 

Thf  principal  groups  of  chloridea  are  the  following : — 

l8t.  Su?>chhride^^  /,M,C1  or  NCI,  on  the  tj^to  of  11  CI ;  as 

Subchloride  of  silver Ag,Cl 

Calomel HgCL 

2nd.  Mcno^JiIorides,  M'Cl,  formed  on  the  type  of  HCl ;  M 
Cb/oride  of  potassium ,  IvCl. 

3rd.  B'.cH^ihH^  N"C1„  on  the  type  of  H,C1, ;  such  a« 
Cttloride  of  calcium OaCl,. 

4tli,  T-rrchlorulpH,  N"'C1„  on  the  t}T>e  of  H.Cl, :  such  as 
Terchloride  of  autuuony SbCl,. 

5tli.  IlejxicIiJ'orides,  R^'Cl,,  or  N"',C1.,  on  the  type  G  HCl ; 
such  us 

Molybdie  chloride MoCl,; 

Chloride  of  aluiniuum AI,CI,. 

6th,  Tet.r<i4'hlor'uh'M,  R"C1„  on  the  tvi>e  of  H,C1, ;  each  ■» 
Perchloride  of  platinum. PtCl^. 

7th.  PentachlarldeJi,  R*C1^  on  the  type  of  11. CI, ;  such  as 
Pentachloride  of  atitimdny SbCl,. 

1.  The  basic  chlorides,  or  8uhch!.<tri(li>^,  are  few  in  nnmWr 
and  of  small  importance;  they  are  inst>lnble  in  Avatcr,  sulichloriile 
gf  silver,  subchloride  of  copi»er,  and  calomel,  compribitig  all  tiiJit 
are  of  interest. 

2.  The  ProUichlorldcs  form  an  important  group  including 
the  chlorides  of  the  alkali-meUils,  and  th<»w  of  silver  autl  thallium, 
aa  well  as  aureus  chli<ridc.  Tlie  chlorides  of  goM  and  itilvrr  arn 
inttolublu  in  water;  that  of  tlialliom  is  but  spairiugly  soluble. 


VABIBTIIS  OK  METALUO  CHLOBIDES. 


ions  chloride  is  decomposed  bv  a  beat  below  redness,  but  tlio 

er  chlorides  fuse  readily  when  heated,  and  may  even  be  slowl j 

itilized  without  deconiiKisition.      They  are  conductors  of  the 

Itaic  enrrent  when  fnftod. 

3.  Bi<:hl4>ride«. — The  compounds  contained  in  this  group  are 

lied  by  the  union  of  1  atom  of  a  metallic  dyad  with  2  atoms 

lehlorine.      They  present  characters  which  are  similar  to  thc»8e 

[the  foregoing  group,  to  wjjich,  indeed,  they  bear  tlie  closefet 

einblance:  they  were  till  quite  recently  considered  to  form  purt 

!it;  these  chloride*  being,  in  fact,  usually  descril)ed  oa  proto- 

ilurides. 

Amongst  the  members  of  this  group  are  the  chlorides  of 

ay  highly  basyloua  metals,  such  a.*  barium  and  caltuiim.      The 

ilorides  of  the  electronegative  dyads,  like  tluit  of  mercury,  are 

un<;ly  opposed  to  these  bsu^ylons  chlorides  in  properties.     All 

iclilorides  of  this  group,  wlien  anhydntns,  arc  soljil  at  cimimon 

nperaturea;  but  when  heated  in  vessels  fri>m  wlii<;h  :iir  is  ex- 

"  I  they  may  all  be  melted  without  undergoing  decitfiiposition, 

_;  those  of  copper,  phitinuni,  and  pnllarlium.     fhlnride  of 

pper  loses  half  it*  ohlurine  and  bcooincs  converted  into  sub- 

oride,  whilst  platinous  ehloride,  PtCl,,  and  palladious  uhloride 

decomposed  into  free  chlorine,  and  a  resiilue  of  the  pin-e 

'ttetal.      Several  of  the  chlorides  remain  semi-transparent  after 

feioa;  in  general  these  are  soft  and  sectile  cinapounds,  »<.)niewhat 

homy  in  a8i)ect.     Many  of  tlicse  chlorides,  such  as  tliose  of  zinc 

Mid  mercury,  may  be  distilled  without  decomposition.      Chloride 

"Clead  is  but  sparingly  soluble;  pintinous  chloride,  in  one  of  its 

•nodifientions,   is  quite  insohiLle.       The  otSier  momboi-s  of  the 

group  are  freely  sohil'.le  in  water. 

4.  The  next  grou[>  comprises   those  kmi'wn  as  terchloride»y 
of  which  the  following  are  the  most  important : — 

Terchloride  of  arsenic AsCI* 

"  antimony St>Cli 

"  bismuth UiCl, 

"  gold AuOl,. 

lie  terchloride  of  gold  is  der-oinposed  into  the  protochlf^rlde  by  a 
Merate  heat,  and  at  a  higlier  teiii[>erature  losi-s  nil  its  chlorine; 
pe  other  three  chloriiles  are  volatilized  unchanged  by  a  moderate 

fivatioa  of  temjtcrature.  They  are  decompo*('<l  l>y  the  juhlitiou 
P  Water;  chloride  of  arsenic  into  arsenious  arid  an<l  livdrocblorio 
KAsC1,  +  3  II,e=3  llCl  +  AslI,0,;  whilst  the  chlorides  of  anti- 
^^y  and  bismuth  fumifeh  oxychlorides  ;  3  SbCl,  +  3  H,0=SbCl„ 
^^.  +  f5UCl. 

5.  Parallel  with  the»e  volatile  terchlorides  in  properties  are 
' "^xachJlaridc^  of  three  other  acidifiable  metals: — 

fterchloride  of  moljbdenuro. MoCli 

*•  TannHiilm,.. VCU 

"        tuutfHUjB wa,. 

chlorides  are  all  volatile,  and  are  decomposed  by  water. 
[^The  6U>)stance*i,  fonnerly  called  SeAqulrhloridr^^  constitnfe  a 
tkahle  gronp,  of  which  the  most  important  are  tUe  eUlyvv^ft 
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of  alnmirmm. 


per 


oliloride  of  iron,  and  phlrniilp  of 


Each  of  these  compounds  contains  1  atom  uf  the  inotuli  i\{ 

unittHi  with  3  atoms  of  chlorine,  but  each  may  be  vulatiiizoil  at  a 
]iigh  temperature  without  decomposition  ;  the  vapour  density  haa 
indeed  been  taken  for  the  chlorides  of  aluminum  and  iron,  and  the 
result  is  remarkable,  since  if  Hll=2  vols.,  Al,Cl,  is  also  =  3  vols., 
and  hence  shows  that  the  formulae  should  l>c  doubled,  as  follows 


Chloride  of  aluminum .  Al  jQ, 

Perctilorido  of  iron Fe,CIa 

Clilorido  of  ctiromium  (judging  by  analogy) 'OrtOlt. 


The  a(|ueous  solutions  of  these  chlorides  undergo  partial  de- 
composition when  evaporated,  hydrochloric  acid  escaped,  and  » 
considerable  portion  of  oxide  of  tiic  metal  is  formed. 

6.  Next  we  have  a  group  of  chlorides  formerly  dosH^ribed  by 
chemiBts  as  the  bichlorides,  but  now  considered  a3  Mrachlori'Ie*. 
Several  of  these  are  volatile  liquids — viz. : — 


4 


Chloride  of  silicon 

..  SiCl, 
..  TiCl, 
.. .  SnCl, 
...  ToCl, 
..  >fbCI, 
...  Zrcl. 

Molybdoua  c 

Tiingstous 

Platiuic 

PwUndic 

Iridic 

Rutbenic 

Uoride 

PtTclilorid©  of  titanium  . , . 

"            tin 

"            tantalum  . . 

"           lircooiura... 

The  first  three  compounds  are  liquid  at  ordinary  tciuporaturo* : 
they  are  densely  fuming  when  cxjK«ed  to  the  air ;  they  may  l»e 
distilled  viiialtercd.  With  the  exce[>tion  of  the  chlorides  of  phui- 
num,  palladium,  iridium,  and  ruthenium,  which  by  a  high  tem- 
perature are  decomposed  into  metal  and  free  chlorine,  the  remain- 
ing compounds  are  fusible  volatile  solids,  and  may  be  sublimed 
unaltered  in  vessels  from  which  air  is  excluded.  The  jjerchloridos 
of  tin,  titanium,  and  the  noble  metals,  form  crj-etalHzable  double 
salts  with  t!ie  chlorides  of  the  alkali-metals. 

7.  The  PfniatMoriih's  are  rejiresented  by  pentachloridc  of 
antimony,  which  corresponds  with  pentachloridc  of  i>h<>^phoru8. 
It  is  ftmiing  and  volatde,  is  decomposed  by  water,  fonning  an 
oxychloride  if  the  proportion  of  water  is  small,  but  yielditiff 
hydrated  metantimonic  acid,  with  separation  of  all  ita  chlorine 
as  hydrochloric  acid,  if  the  quantity  ot  water  be  large. 

The  action  of  chlorine  upon  the  metals  is  general) v  stronger 
than  that  of  oxygen  upon  them ;  but  if  a  metallic  ciTloride  be 
heated  in  a  current  of  oxygen  or  of  atmospheric  air,  the  chlorine 
is  expelled,  and  an  oxide  of  the  motal  is  produced.  The  only 
instances  in  which  this  decomposition  does  not  take  place,  occur 
in  the  case  of  the  chlorides  of  the  noble  metals  and  in  thoec 
belonging  to  the  first  and  second  gronps.  Chloride  of  magne<uatD 
is,  however,  readily  decomposed  in  this  manner. 

In  the  case  of  the  metals  which  have  but  slight  attractitm  for 
oxygen,  the  chlorides  generally  correspond  in  number  witJi  tlio 
oxifies  ;  and  for  every  chloride  an  aiialogouB  oxide  is  always 
obtainable,  one  atom  of  oxygen  occupying  the  jKH<ition  of  two 
atoms  of  chlorine  iu  the  cimpomid.    For  example,  the  oorro- 
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ondiug   cliloridtsB   and   oxides  of  iron,  tin,  aud  gold  ore  the 

[illwwiug : — 

F«C1,  ;  FoO  I         SnCI, ;  BnO  I         AuCT  ;  Au,0 

Fe,a,j  Fe,0,        J         SuCli;  bne,  |  AuCl,;  Au.e,. 

fet  it  is  easy  to  obtain  the  oxides  from  solutions  of  the  chlorides 
fVy  precipitation ;  for  example,  ill  the  case  of  the  compounds  of 
iron,  tiie  fnUowing  reactions  may  be  observed: — 

k        Feca,  +2  Kne  =  2  kci  +  Fee,n,e 

■  Fe,Cl,+6  KUe  =  (i  KCl  +  Fe.e.,  3  H,e 

■  Fe,Cl.+3  BalI.e,  =  3  BaCl,  +  Fe.O,,  3  H,e, 

'     Vlien  the  metal  exhibits  a  Btnnig  attract  inn   for   oxygen,  an< 
I      furnis  a  powerful  base,  the  number  of  oxides  frequently  exceeds 
Kitbat  of  the  chlorides. 

^      In  many  cases  chlorine  iiuites  with  the  oxides  of  the  metals. 
If  the  oxide  of  tlie   metal  be  soluble  in  water,  the  (Mt/c/iktn'de 

I  which  is  formed  is  siihible  likewise,  and  the  compound  is  remark- 
able for  its  bleaching  ])r«iperties.  Chloride  of  lime  (f:^aOCl,),  and 
cLtoride  of  pota<;h  (K,OCI,).  furnish  iustanees  of  this  kind.  Some- 
time!) tlie  chloride  of  a  metal  foud)iiies  with  its  oxide  and  forms 
M  insoluble  oxychloride,  as  is  the  case  with  the  oxychloride  of 
ffiercurv  (3  ff{i<^,HgC],).  It  is  a  still  more  frcfpient  occm-reTice 
that  8  chloride  of  one  of  the  alkalitiable  metals  combines  with  a 
chloride  of  one  of  those  metals  which  have  a  fepbler  attraction  for 
oxygen,  and  the  oxides  of  which  partake  rather  •  if  tlu;  L'iiai'a<'ter 
of  adds  than  of  bases.  Thus  we  have  a  double  cldoride  of  plati- 
num and  potassium  (2  KCI,PtClJ  aud  a  diHible  chtiiride  of  L'old 
iind  sodium  (NaCI,AuCl„  2  ll,0).  Indeed,  the  hif^'lier  .■hloiidfs 
of  the  noble  metals  generally  form  double  salts  of  this  nature  :  the 
Mine  thing  holds  true  in  very  many  cases  with  the  corresponding 
ttroiiiides  and  iodides. 

Preparation. — 1.  Many  of  the  metallic  chlorides  may  be  formed 

by  beating  the  metal  in  a  current  of  dry  chlorine  :  iu  this  way  the 

ptrciilorides  of  antimony  and  iron  are  pnn-iired.     2. — If  the  I>asic 

oxides  be  heated  to  redness  in  a.  current  of  dry  cidorine,  oxygen  is 

"i^ptdied  and  a  chloride  of  the  metal  remains;  but  this  process  la 

**'er  adopted  for  proeuirin;j;  the  chhjrides.     3. — The  sulphides  are 

lenerally  more  readily  decomposed  by  a  current  of  gase<HW  chlo- 

"^  than  the  oxides :  owing  to  the  strong  attraction  of  chlorine 

''sulpliiir^  \)otli  the  sulphur  anrl  the  metal  combine  with  the  gas, 

'''"oride  of  sulphur,  aud  a  metallic  chli>ride  being  produood.     This 

^''^ess^  however,  is  seldom  employed  except  in  the  course  of  aa 

Hpvsig.     4.^In  cases  where  the  chloride  is  volatile,  like  that  of 

P'^'aum,  of  glucinum»  and  of  titauiu.u,  the  oxide  of  the  metal  is 

^•'stid  with  charcoal,  ami  a  current  of  dry  chlorine  is  transmitted 

of  ^.^  ^He  mixture ;  the  charcoal  removes  the  oxygen  iu  the  form 

carbonic  oxide,  and  tlie  chlorine,  uniting  with  the  metal,  forms 

jj^^'oride  wliich  volatilizes  and  becomes  etnulensed  iu  the  cool 

*rf^.of  the  apparatus.     5. — In  many  cases  tlie  chloride  may  be 

B.  /^*ned  by  transmittinj;  drv  hydrochloric  acid  <;as  over  the  oxide 
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of  hydrogen  for  oxygen  and  for  sulplior  greatly  facilitating 
progrchB  of  the  decomposition.  0. — An  ea-'icr  methtHi,  in  t>4.««9 
where  it  is  applicahle,  particularly  in  ca^es  wliore  the  hvilr* 
ted  chlorides  are  required,  consists  in  diirsulnng  the  uietal 
itself,  its  oxide,  or  its  carbonate,  in  hydnx-hlorit"  acid,  »a(l 
evaporating  the  solution  till  crystallization  couuuences.  Chlo- 
ride of  cobalt,  of  nickel,  and  of  calcium  may  be  thus  obtained. 
This  process,  however,  fails  in  many  ciises,  if  it  be  atteinpted  to 
render  the  cldoride  anliydrous,  particularly  in  the  chi-ss  to  which 
the  earths  belong;  chlorides  i»f  niagnt«iimi  and  aluminum,  for 
example,  lose  tlieu"  chlorine  as  livdnK-lili^ric  acid  when  their  solu- 
tions are  evaiwrated ;  MgCl,  -f  lI,O  =  Mg0  -f  2  IICl.  7.— In 
Bome  cjises  chlorides  of  tlie  metals,  6\ich  as  tliose  of  gold  and  pla- 
tinum, are  obtauied  by  dissolving  the  metal  in  a(pia  rcgia,  aod 
decomposing  any  excess  of  nitric  acid  by  evaixtration  to  drvuiss 
with  au  excess  of  hydrtHildoric  acid  ;  a  jiui-e  chloride  nf  the  met«l 
may  be  obtained  on  re-diseolving  the  residue  in  water.  8. — Miuiy 
of  the  chlorides  of  the  more  electronegative  mctids  arc  decotupoist'd 
wheti  heated  with  the  more  basylous  uietuls.  Perchlorido  of  tin 
may  tJius  be  obtained  by  heating  metallic  tin  with  an  c.X4«t«  of 
corrosive  sublimate;  and  terchlorides  of  antimony  and  bismuth 
may  he  obtained  in  a  similar  manner.  Sometimes  this  pnxtcss  i» 
employed  for  the  purpose  of  isolating  those  metals  the  oxides  of 
which  rci.ist  decom])08ition  by  the  usual  means.  In  this  way 
Bodium  is  employed  to  decomp«>se  the  chloride  of  Himiiitium  \it  of 
magnesium  for  the  juirpose  of  [>riicuriTig  the  aluminum  or  magne- 
Bium  in  an  miconibinod  form  ;  and  in  a  similar  manner  potassium 
is  emjilityed  to  obtain  uranium  fn)in  uranous  cliliiride.  '.♦, — The 
insoluble  chlorides,  such  as  those  of  silver  and  lead,  and  niercuroua 
chloride,  may  be  formed,  by  the  addition  of  hydrochloric  acid,  or 
of  a  soluble  chloride,  to  a  solution  of  the  cori-espondiug  salts  of 
tliese  metals. 

DeeoTnpmition«. — All  the  metallic  chlorides,  excepting  tIio(« 
of  the  metals  of  the  alkalies  and  earths,  are  re<luccd  when  suffi- 
ciently heated  in  a  brisk  current  of  hydrogen.  In  many  eaijes  the 
reduction  is  easily  ertected,  and  this  process  isoccafeionally  rcH»rtcd 
to  B8  a  means  of  procuring  certain  metals  in  a  state  of  j>upity. 
Iron,  for  exami>le,  may  be  obtained  in  tine  cubic  crystals  by  reduc- 
ing ferrous  chloride  in  this  manner.  It  is  necessary,  however,  to 
maintain  a  cnrrent  of  hydrogen  of  sufficient  r«y»idity  to  carry 
away  the  hydnwhloric  acid  from  the  reduced  metal,  as  otherwiae^ 
in  most  cases,  the  chloride  would  be  rei)r<xlnccd  by  the  decomj^o- 
sitlou  of  the  acid.  All  the  chlorides,  except  those  of  the  alkalttic 
nietiUs,  and  of  bariun\  ami  mercuiy,  are  dtH-omposcd  when  heated 
in  a  current  of  steam,  generally  leaving  corresponding  oxides,  but 
chloride  of  bismuth  leaves  an  oxychloridc  (kunliciui).  All  (he 
soluble  chlorides,  when  heate<l  witfi  sulphuric  acid  and  black  oxide 
of  manganese,  evolve  chlorine  gas.  Other  jxirticuiiirs  relating  to 
the  chlorides  have  Infcn  alreiulv  iiicutioiu-d  {'.',~ 

(53H')  J'^thiiiitum  nf  ChUtftni'  in  MtttiUii'  (  -  — Clilorine 

is  aliaoht  always  mtimatvd  in  the  form  of  chloridu  ul'tulvcr,  IWI 
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of  wliiph  reivresent  24*74  of  cliloriiifi.  The  solntion  sliuiild 
Acidulated  with  nitric  ai;id,  and  gently  wnnned,  and  then  the 

to  ijf  fiilver  should  be  added.  11'  iodine  or  bromine  be  pros- 
.it  will  Ije  ureeipitated  with  the  eldorin*^  and  nuist  be  dotor- 
neil  separately,  and  the  corresponding  weight  of  iodide  or  bru- 
Je  of  silver  dedweted. 

The  ct>mpositii)n  of  nn  insuluhlc  «'lil»iricl<>  or  of  a  basic  chloride 
iV  be  apc-ertained,  except  in  the  ease  of  chloride  of  silver,  by 
llingagiven  weight  of  the  coinjumnd  with  a  pure  solutiou  oi' 
and  then  determining  the  tpiantity  of  c-hlorine  iti  the 
aline  solution  by  means  of  nitrate  of  silver:  before  adding  the 
on  of  silver,  the  alkaline  liouid  nnist  be  filtered  from  the 
dissolved  metallic  oxide,  and  acidulated  with  nitric  acid. 

(54(»)  The  PiMMiDES  (3S9,  891)  closely  resemble  the  chlorides 
chemical  characters,  aud  may  be  arranged  in  corre»])ondiiig 
i)ni»;  the  bromides  of  the  metal*  of  the  alkalies  and  alkaline 

lis  may  y>e  prepraed  by  digesting  a  solution  of  the  idkidi  or  of 

earth  with  bromine  in  slight  excess  ;  a  bromide  and  a  bro- 

le<if  the  metal  are  thus  formed,  and  by  gentle  ignition  tliebro- 

iu  dec*»mposed,  leaving  a  jmrc  bnmiide  :  a  small  ipiantity  of 

arctiiil  may  be  addetl  previously  to  the  ignition,  by  which  the 

'>miM>siti(>n  of  the  bromate  is  more  easily  eftV'ctcd.    The  bromiile 
ivcd  from  the  excess  of  charcoal  by  solution  in  water.     The 

er  bromide:*  may  be  procured  by  acting  upon  the  metals  by 
mine,  either  in  a  dry  fitate  or  in  the  presence  of  water.     They 

also  eaaily  formed  by  disfi<jlving  the  oxides  or  the  carbonates 

ydmbromic  acid. 

bromine  may  be  precipitated  from  its  solutions,  and,  in  tlic 

nee  of  chlorine,  it^j  ijuaiitity  may  l>e  estimated  by  menris  of 
itrate  of  silver,  which  ot'casinns  u  white  precipitate  of  bromide 
silver,  1(X>  parts  of  which  indicate  4147  of  broiniue.     If  chloriue 

resent  the  precipitate  will  consist  of  a  mixture  of  the  bromide 

eliUriile  of  silver  :  it  must  be  collected  and  weighed  then. 
with  metallic  zinc  ami  a  drop  or  two  of  sulphuric  acid ; 

a  duy  or  two  the  zinc  will  have  rednced  the  lnomide  and 
Wide  to  metallic  silver;  this  must  be  well  washed,  dried,  and 
■e'glie<l.     It  shonld  be  wlmlly  suhible  in  nitric  acid,  since  if  it  be 

iSfMjrtion  of  the  precipitate  has  escajied  decorapositiun, 

FfiMi  the  above  data  tlie  relative  proportions  ot  the  broini<le 
d  chloride  of  silver  may  be  calculated : — let  Hi  be  the  weight  of 
*  Mixed  bromide  and  chloride,  and  let  «  be  the  weight  of  the 
'Iticed  silver ;  then  if  x  rei>resent  the  proportion  of  bromide,  and 
*'""  of  chloride  of  silver,  it  will  be  found  that 

108  108 

nt  =  a)  +  y,  and  «  ^ x  = y  ; 

143-5  188 

^'s^qnentlv  -r,  or  the  bromide  of  silver  in  the  mixtnre,  =  to  —  y; 
-^*^  t/,  or  tlie  chloride  of  silver  iu  the   njixtnre,  =  5"0134  a  — 
H7  m. 
(o41)  The  loDWES  (396)  may  be  formed  by  procesaea  MvsXcy 


iremi 
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lijwsted 


ftbat 
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gou9  to  tlioee  employed  for  tlic  hroiriidf*^ :  the  insctluMt*  ifvfidtt, 
such  ag  those  of  inerciirj,  silver,  and  lend,  miiy  Ui  oKtsiined  l'r»m 
a  solution  of  iodide  of  pota^^ium,  by  mixing  it  with  a  Bolution  of 
the  metallic  ealt. 

The  iodides  exliibit  a  strong  tendency  to  form  douMe  iMilts,  tbo 
i(jdides  of  tlie  etronjjly  btiKvlous  nietalo  combiuing  readily  tii  form 
crystallizable  double  iodides  with  those  of  tin:?  eleotri>iu>f?ativB 
metals,  such  ix-s  those  of  fdlver,  mercury,  and  lead.      "^  >i« 

also  foni I  double  compounds  with  the  oxides  and  olil  titr 

example,  there  are  several  coiiipoiiiidp  tif  the  iodide  with  tlie  oxide 
of  lead ;  and  a  eoiubinatiou  of  perchloride  of  tin  with  the  glanuuiM 
iodide  (SnI„SnCl,)  may  be  obtained  in  orange-culotii*ed  crj-Btala 
(Kane). 

Tlie  quantity  of  iodine  in  a  solution  which  contains  iodide*^,  if 
chlorides  be  abt»ent,  may  be  estimateil  by  the  addition  of  nitrate 
of  silver  slichtly  acidulated  with  nitric  acid  :  the  reuniting  bufi- 
coloured  iiKiido  of  silvor,  when  collected  and  dried,  contain;;  ri4-0 
per  cent,  of  iodine.  If  ddorinei'r  bromine  be  j^rescnt.  the  iodino 
must  be  precipitated  by  means  of  nitrate  of  palhwliuni ;  ijjo  pre- 
cijiitate  must  be  allowwl  to  subside  during  ten  itr  twelve  houm, 
and  it  iiuiy  tlien  be  collected  on  a  filter  ami  drie<lata  tenipcratare 
not  e.\cet'ding  1(!0°:  this  precipitate  is.  insoluble  in  cold  diluted 
nitric  or  liydroclduric  acid,  but  soluble  in  ammonia.  It  contains 
TOO  per  cent,  of  iodine.  Ii>dincmay  also  be  se|>aniti'd  from  bn> 
mine  and  cJdorine,  but  less  perfectly  by  a  mixture  of  greeJi  sul- 
phate of  iron  and  sulphate  of  copi^-r  (ss;i). 

(542)  FLr<ii{u>E6, — TFjc  general  properties  of  these  comiMHinds 
have  been  already  stated  (403).  The  flu<vride6  are  usually  j»re- 
pared  by  the  <Hrect  action  of  liy<lroflnoric  acid  either  npon  tlio 
metal  ur  more  usually  upon  tlie  oxide  of  tiie  metal.  Thote  which 
sire  insiduble  may  be  procured  by  mixing  a  solution  of  the  metal- 
lic salt  witli  one  of  tiuoride  of  poliiijsium  or  of  sodium.  ' 

£i*ti motion  of  Fluorine. — A  simjile  method  of  detecting  and 
of  apjimximatively  estimating  fluorine,  when   present,  even   in 
very  small  (juantitics.  has  been  proposed  bv  Dr.  tr.  "Wilson.      The  I 
following  18  the  proces-s  slightly  m<Mlifiecl : — the  pubstanee,  if  it 
does  not  already  contain  silica,  is  mixed  withp«>unded  ghiss,  placed  i 
in  a  retort,  and  made  into  a  thin  cream  with  oil  of  vifn'ol  ;  the 
mixture  is  next  heated,  and  distilled  into  a  flai*k  containing  ik 
solution  of  ammonia ;  the  fluoride  of  silicon  comes  over,  and  ia 
invniediatcly  decomposed  :  on  evaporating  the  lirpiid  in  tiit-  llask 
to  dryness  on  a  water-bath,  the  sdica  is  rendered  ineolnblo,  and  j 
can  be  collected  and  weighed,  whilst  the  fluoride  i>f  amtniniiara  j 
may  be  dissolved  out  with  a  little  water,  and  the  preseju-c  of  \ 
fluorine  shown  by  mixing  it  with  oil  of  vitriol  ;  the  vapour  which  ' 
is  evolved  produces  the  usual  corrosive  action  of  hydn>tlu>>ri<:ni'iil 
on  glass  (403) :  the  i>rojMirtion  of  silica  in  tlie  iu&oluhle  reiiidaei 
to  till'  fluorine,  however,  is  not  very  uniform. 

(543)  NiTBioKs, — It  is  not  imprubsiblc  that  '  :ug 
compounds,  ol)tained  by  digesting  the  hydrated  *>\  _  ,  rif  | 
silver,  and  of  platinum,  iu  a  sulutiou  uf  ammonia,  luajrowo  thcitJ 
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live  cliaractor  to  the  formation  of  a  nitride:  the  composition 

ithe^  Ixxiics  has,  however,  been  but  inijierffctly  iiivcstiffated^ 

nccnint  of  the  ease  with  wliich  tliev  e.x]>ln«lp.     So  weak  la  the 

jnical  iittraction  of  nitr<i^en  for  most  metallic  bodies,  that  a 

jht  alttratiun  of  eircumstancee  often  suthees  to  restore  it  sud- 

llv  to  the  gaseous  state.     Nitride  of  copper  is  formed  by  paas- 

iry  animonia  over  oxide  of  copper,  at  a  temperature  not  ex- 

iing  480°,  in  which  case  water  is  formed  at  the  expense  of  the 

ogen  of  the  ammonia  and  the  oxvgen  of  the  oxide,  and  part 

nitrogen  escajjee;  thus,  6  6u^  -|-  4H,N  =  2  Gu.N  +  6 

+  N,.     Nitrides  of  mercury  and  iron  may  be  prepared  by 

fcing  ammonia  over  oxide  of  mercury  and  oxide  of  iron  in  a 

lilar  manner.     Titanium,  molybdenum,  and  vanadium  absorb 

rvgen  rapidly  at  a  red  heat ;  and  crystalline  nitrides  of  chromium 

"i  ma{Tne.'iium  have  also  been  obtained. 

(544)  The  Phosphides  of  the  met  ills  are  of  comparatively  small 
Dp<)rtance :  they  are  never  met  with  in  the  native  state.     The 

spliides  of  the  metals  of  the  alkalies  and  alkaline  earths  de- 
ipose  water  when  thrown  into  it ;  self-lightini:  pliosphuretted 
"  ojjen  is  di^enj^aged,  and  a  hypophosphite  of  t!ie  metal  is  re- 
ned  in  solutiou.  In  some  cases,  as  for  exatnple  in  that  of 
pho«[ilii(le  of  ealeium,  the  plmsphide  is  formed  by  lieiitini;the  oxide 
8tn>ii;j;ly,  and  ilrivitig  the  vajiour  of  pho.';phonis  over  it;  in  this 
CRse  it  is  mixed  with  a  large  proportion  of  ]>liios|ihate  of  cedcimn. 
Tlie  insoluble  phosi>hi(les  may  ctften  be  obtained  by  transmitting 
» current  of  pnosplmretted  hydrogen  through  a  solution  of  the 
»lt  of  the  metal  in  water  :  phosphides  of  copper  and  silver  may 
betiiun  obtained. 

When  heateil  in  air,  phosphide  sare  converted  into  phosphates, 
or  into  phosphoric  anhydride,  wliile  the  metal  is  liberated. 

(545)  Carbidks. — The  only  carbides  of  tmpt)rtauce  are  those 
of  iron,  which  will  be  considered]  in  detail  when  treating  of  that 
metal.  Manganese,  palhidiuni,  iridium,  and  a  ft-w  other  metals, 
»lio combine  with  carbon;  ^enendly  s|>eaking,  tliese  carbides  are 
more  fusible  than  the  metals  wbicli  enter  into  thiir  t'oniiatioTi. 

Su.K)oN'  and  bokon  form  with  the  nietuls  analogous  ronipounds 
of  Biiiall  importance.  Aitiougnt  the  most  interesting  of  the  sili- 
Cidesarethoseofealciiim,  aluminum,  magnesium,  iron,  and  eop[>er. 

(540)  llYi)KiD>:*i. — Hydrogen  is  not  Known  to  eoniljine  with 
niore  than  five  metals: — viz.,  arsenic,  antimony,  copper,  iron,  and 
l"'tassiiun.  The  tirst  two  of  these  eojiipouutls  are  gaseous,  and 
*re  (l(;compo6ed  by  a  red  heat  into  metal  and  hydrogi-u  gas.  A 
"olid  hydride  of  arsenic  is  also  said  to  exist.  A  few  metuls,  such 
IS  zinc  and  potassium,  ap[vear  under  peculiar  circumstances  to 
Bndi.-r};*)  jtartial  volatilization  along  with  the  hydrogen  at  the  mo- 
•utiit  that  this  gas  is  evolved. 

§  III.  Htpotheses  on  the  Constitution  of  Salts. 

(547)  Acids  and  Ba^e«. — It  has  already  been  stated  (6)  that 
*oy  sutetauee  which  is  produced  b)'  the  action  of  aii  acid  u:yoTV  «l 
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base  is  termed  a  salt.  It  is,  liovrever,  necessfirv  to  exiimine 
minutely  into  the  nature  bnth  of  bases  and  acids,  and  into  I 
the  compounds  formed  by  tlieir  combination  with  each  utiier. 

J?y  tJie  word  biif<t\  is  meant  a  body  always  of  a  couijmw 
nature,  very  frequently  an  oxide  of  a  metal,  wliieli  is  capable ' 
effecting  a  double  deeomposition  with  an  aeid,  ■whilst  a  ftalt 
water  are  formed,  ami  the  distinetive  eliaraeten?  of  the  acid 
nioiv  or  less  completely  neutralized.     A  ba-ie,  however,  is 
ueei'ssarily  a  metallie  oxide  ;  tlie  liydrates  of  amiuonia,  fjuiiiia, 
uiorpliin,  fur  example,  are  poweiiid  bases,  but  they  coutaia 
metatlic  i»ubstauce. 

(548)  Owijaci4hand  Ilyflmcids. — When  Lavoisier  iuipf«ed 
name  of  oxygen  upon  one  of  the  eonstituents  of  the  uUm 
he  supp(»sea  that  the  presence  of  tliat  energetic  body  was 
to  the  existemx'  of  an  acid ;  and  this  view  was  supported  t? 
known  eompositi^m  of  the  priiieijud  aeids,  such  as  the  sulphui 
the  suliiliumus,  the  nitrie,  the  carboinc,  the  phosjdiorie,  and  d 
boracic  aciils.  The  term  su-id  ivas  inditierently  applie<l  to  t 
aidiydritles  ami  to  the  compounds  produced  by  the  action  of  anil 
drides  upon  water  ;  to  which  latter  class  of  compounds  the  t( 
is  more  ]>roperly  restricte*!  by  many  hiter  writers,  and  to  wfcii 
it  is  limited  in  this  work,  Lavoisier  considered  an  acid  to  he  i 
oxidized  body  more  or  less  s<dub!e  iu  water,  with  a  sour  tasi 
capable  of  reddening  vegetalile  blues,  ami  entering  into  comliitt 
tion  with  the  alkalies,  the  distinctive  properties  of  which 
ueutrulized. 

By  degrees,  however,  acids  were  discovered  in  which  uo  ox 
een  coultl  bo  detected :  such,  for  examj>le,  as  the  hydrochloric, 
liydriodic,  and  the  hydrobronnc,  into  the  composition  of  wliii 
hydrogen  enters;  vet  these  boflies  were  found  in  other  respects 
c-orrespoiit]  peHiM'tly  with  the  above  definition,  and  to  ]k»Sp<*6 
the  clianictefs  of  [lowertul  acids.  To  meet  this  objection, 
theory  w;u<  iiioditifil,  and  tlie  acids  were  divi<led  into  two  g 
clas^es,  the  )ir>t  of  wliich  comprised  the  tM'i/nruh,  such  as  the 
jiliuric,  nitric,  and  others  of  analogtuis  composition,  in  which 
was  su]iposed  that  the  lu-id  projierties  dei>ended  on  tlie  presea 
of  oxygen  ;  the  secoinl  class  was  formed  by  the  hydracids^  si 
as  the  liydrochlonc  and  hydriodic  acids,  in  which  hydrogen  ' 
an  essential  comjjouent.  It  was  noticed,  that  when  bodie*  beh»i 
ing  to  »itIior  of  these  classes  combine  with  metallic  compoun 
and  form  neutral  combinations,  the  acids  do  not  imite  ilirei 
with  the  metals  without  evolution  of  gas;  with  their  o.cu/^, 
tlic  contrary,  eombination  appeai-s  to  take  jdace  directly:  diln 
sulphuric  acid,  for  example,  bus  no  action  upon  metallic  c«jp|j 
but  it  (piickly  dissolves  its  oxide,  forming  the  blue  solution  of  i 
phftte  of  copjier.  On  applying  heat  so  as  to  remler  the  salt  an 
clrous,  it  Wiis  found  that  the  salts  of  the  oxyacitls  (of  which  sulph 
of  potash,  KO,SO„  may  \>e  taken  as  the  type,  adopting  fur 
present  tlie  equivalents  O  =  8,  S  =  lt»,  and  the  old  uotati 
nn'ght  be  represented  under  the  form  MO,S()„  which  supi»osc^ 
Tinian  of  1  equivalent  o?  t\ic  anXv^'AnCie  -wyxXx  V  vi«^\N^»issv.^.  <j 


BSTAKT  HTPOTHESIS  OF  SiXTB. 


ullic  oxide ;  while  a  livJracid  (such  for  instance  as  livJrocliloric 

|id)  if  made  to  act  upon  a  base  such  an  soda,  yield*  a  body  like 

jon  salt  ^^NaCl),  wMiich  when  drj-  contains  neither  hydrufhloric 

nor  soda,  the  radicle  of  the  aeid  being-  left  in  combination 

gth  tlie  metal  itself:  Nan,IIO  +  IlCl  yielding  >'aOl  +  2  HO. 

ia»,  in  the  case  of  the  salts  of  the  hydraeids,  it  will  be  observed 

k«t  the  oxygen  of  the  oxide  is  precisely  surticient  to  convert  the 

1  of  the  aeid   into   w^ater;    this  union,   indeed,  actually 

ue,  and  the  water  so  formed  is  exjtelled  on  the  appUca- 

»L»f  iieat.  When,  therefore,  a  hydracid  acts  upon  a  baae,  a  true 
lie  decomjiosition  occurs. 
^  consequence  of  this  supposed  ditlerenee  in  constitution,  it 
proposed  to  sul:Mli\-ide  salts  into  two  chisses, — the  tiivt,  like 
plimte  iif  potJish,  KO,X()„  being  foniiei!  by  the  union  of  an  ox- 
ide, sui-h  us  potash,  with  an  oxyucid,  or  anhydride  lu-*  we  now  term 
ll,  Midi  as  the  nitric  ;  these  were  termed  ori/Mulfji :  the  nther  clasa 
heltiii  i>r<Hluced  l.<y  the  combimitinii  of  a  metal  with  the  (^harac- 
[tcrietic  element  in  a  hydroiii-n  acid.  The  salts  of  the  second 
lelte,  iK-iii!^  composed  upon  tlie  same  plan  or  type  jus  sea-salt,  were 
^t^lTtIled  Art/<><V/  salts  (from  aXf,  sea-salt).  This  ilistiiK'tion  is  still 
im'ognised  by  many  chemical  WFitei"s.  Tlie  supj>usitii>n  that  a 
Halt  ciinsist^i  of  an  anhydride  united  to  a  l>ase  still  in  many  eased 

S'J''in"4  the  simplest  explanation  of  many  eheinical  deeomjR>sitions. 
411)  binary  I/;/jHftfie«i's  of  iyift^. — The  foregoing  ol>serva- 
seem  to  prove  that  there  is  a  marked  ditference  between  the 
wiujMjsition  of  the  oxyacid  and  the  hydracid  series  of  ssilts.  The 
tepanaion  of  salts  into  two  classes,  one  consisting  of  the  salts  of 
tlie  oxyacids,  and  the  other  of  those  of  the  hydraeids,  is  not,  how- 
1  ever,  indispensable.  A  hypothesis  was  advanced  Ity  Da\'y  and  by 
'  Ihilong,  wnich  reduces  all  salts  to  the  hydracid  type.  Upon  this 
vitw — fi-etjuently  termed  the  hiiuiri/  fJuo/'t/  of  salts — all  the 
livdrated  a<.nd8  are  regarded  as  salts  CDntaining  hydrogen  in  the 
Jiliu-i."  of  a  metal,  so  that  hydi-ogen  acts  the  "part  of  a  feeble  basyl 
towards  a  group  of  elements,  or  a  single  element,  which  forms  tlio 
rixlicle  of  the  salt.  It  hus  already  been  shown  that  tliose  of  the 
oivacids  which  can  be  obtfiitied  as  anhydrides,  such  for  example 
to  the  sulphuric,  the  uitrie,  the  phosphoric,  the  carbonic,  and  the 
boracic,  do  not  as  anhytli-ides  possess  the  projxirties  generally 
wlmitted  to  constitute  the  true  aeid  eharueter.  Su!i»huric  anhy- 
jiride,  f(»r  instance,  does  not  redden  dry  Uttnu;* ;  it  may  l>e  numldcd 
Ml  tlie  fingers  without  injury;  but  when  once  it  has  passed  into 
lliohydrated  form,  which  it  speedily  does  by  ahsorliiag  moisture 
IfJin  the  air,  it  corrodes  all  organized  substances  with  great 
»t'tiv-ity.  Carbonic  anhydride  is  also  without  action  on  litmus, 
"lien  such  compounds  have  enteretl  into  eombination  with  water 
tliey  may  be  represented  as  liydraeids,  by  a  slight  luoditieatiou  of 
tittf  iirdinarv  formula  :  ^.  (/.,  nitric  aeid  (lit),  NO,)  maybe  ex- 
pm«<»d  as  (ll,NO,),  corresponding  with  hydroelilorie  acid  (ll,('l): 
ri  of  these  Iwdies,  when  heated  iii  eimtact  with  a  lia>e  itx 
■1  H  lie  oxide,  gives  ofl'  1  atom  of  water,  in  a  manner  jjreeisely 
to  the  hydraeids  ah'eady  examined.     One  cii^nlvaWvl  ut 
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^^M          oil  of  vitriol  treated  with  1  equivalent  of  oxitle  of  lead  woulU^H 
^^H          pro<luco  ail  equivalent  of  sulphate  of  lead  and  au  equivall^^^| 
^m         water ;  U,SU.+ PbO  becoming  Pb,SO,  +  HO.                     ^^H 
^^H                Many   chemistB   indeed    uovr   rerrai-d  the  compounds  1B^^| 
^^H          were  previously  couc^idered  i\s  hydraitd  acoisAe>  &alt£  compose^^H 
^^1          a  compound  radicle  (eonsisting  of  the  auhvib-ide  +  an  eouWak^H 
^^H          of  oxygen)  united  with  au  equivalent  of  liydixigen.     The  4(1^^1 
^^H          EaltB  of  the  acid  would  be  furnied  from  tliCbe  hydrogen  couipoqa^H 
^^m         by  the  di;>.plucetnent  of  the  hydrogen  by  an  equivalent  ainnani^H 
^^H          each  of  tlie  ditferent  metals  which  enter  into  the  coniiH»sitMa^^| 
^^H          the  vai'iouri  t^ult^,   and   which   are   indicated   by  their  reejl^^^H 
^^H          nauieif.     In  accordance  witii  this  view,  we  have  already  gi^^^H 
^^H          simple  explauMtion  of  tlie   liberation  of  hydrogen  when  dilni^H 
^^H          eulpluirie  acid  is  acted  upon   by  zinc ;  tlie  zinc  merely  ento^^H 
^^H           into  eumbiuiition  with  the  radicle  uf  the  acid,  and  dii^plaeine  t^H 
^^H          hydrogen ;  so  that  (resuming  the  notation  which  rega^d!^  B=^H 
^H          aiid  w^ter  11,0^  ll,SO,-f-j6ii  become  ZnS0.-|- II, ;  and  die  renctiiH 
^^m          is,  upon  this  view,  amdogoii.s  to  that  of  the  same  metal  i^0^| 
^m          hydrochloric  acid;  2  lin  +  5^nr=Zn(.1, 4- H,.                                fl 
^^m                 A  comparison  of  a  few  of  the  so-called  hydraeids  with  «u^H 
^^H          of  the  hydrated  oxyiicidB  will  show  the  similarity  between  tho^H 
^^m          whilst  the  corres.ponding  anhydrides  will  be  at  once  geen  to  belo^H 
^^H          to  an  entirely  distinct  group  of  compounds  : —                            ^M 

^^1                           ll;<lndda. 

Bjrdnt«d  oxy acid*. 

JUkbydrtdn     ^| 

Nitric  add UNO, 

Iodic     "  Hie, 

Hypochlorous  acid HCie 

Sulphuric           "     H,Se« 

ci.e        1 

60,              J 

^^H          A  few  reactions  between  certain  bases  on  the  one  hand  with  Kin^^ 
^^H          of  the  hydraeids,  and  un  the  other  witii  certain  hydrated  oxyMid^H 
^^^^^    will  enable  us  to  complete  theparallel : —                                  ^M 

^^H              2HC1  +  Ag,e  ^  2AgCi     +  n,e          ■ 

^^H                  2nF    +  ea'O   =  ea'T,       +  H,o            ■ 

^^H                HI    +  Kiie  =  Ki         +  H.e          ■ 

^^H                2TrN'e,   +   T1,0     =    STINO.    +  H,e             ■ 

^^B              H.se,  +  Naire  =  NaHse.  +  H,e         ■ 
^^H              H,se.  +  Pb"e  =  Pb"so,    +  H,e.         ■ 

^^m               In  each  case  the  salt  is  formed  by  the  substitution  of  an  e()<l^| 
^^m          valent  amount   of  metal  for  hydrogen,  whilst  a  corrc*j)oiidi^H 
^^H          quantity  of  water  ig  liberated   and  occupies   the  plavo  of  ^^O^M 
^^H          metallic  oxide  originally  employed,                                              ^H 
^^H                 Binary  compounds  are  i^uch  iis  consist  of  single  atoms  of  ^^H 
^^H          elements  only  ;  chloride  of  sodium  (NaCl),  therefore,  ii*  a  bini^H 
^^H           compound  ;  and  if  all  salts  be  assimilated  to  this  type,  it  is  assiini^H 
^^H           that  the  grouping  of  their  innleculos  resembles  that  whiili  occu^H 
^^H           in  this  bmary  compound.     It  has  indeed  been  supix>sctl  tli:it  a^H 
^^H           salts  consist  of  two  portions:  one  eunqirising  the  distinctive Ot'>^| 
^^H          8tJtueuts  of  the  acid,  and  consistiu;^  either  of  a  non-metidlic  ^^^M 
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sxibstanee  (chlorine,  CI,  for  exflin])le),  or  else  an  cqniva- 

iu]>Miiud  IhmIv  (^ucb  aj»  siilphion,  SO,),  whii'h  is  termed  the 

of  the  salt ;  the  other  is  either  a  metal  (sfKliura,  Xa,  for 

>.  or  else  a  compound  like  ainmoniuin  (H.N),  equivalent 

a  metal,  teiined  the  nmyl  of  the  salt.     Attention  1ms  already 

'"   '^  ••"'•'■■d  to  the  bearing  of  the  eleetrolysiis  of  saline  coni- 

i  upuu  this  theory  of  their  c'(^n.*titution, 

•  ',j,:ctionji  to  tlie  Bimin/  Hi/jwthesi^. — Notwithstanding 
a  iiiity  of  the  foregoing   hypothesis,  and  the  advantages 

UiicU  it  <.>J}er8  in  the  explanation  of  certain  modeii  of  decoinposi- 
fen.  it  is  o{)en  to  many  i>eriou8  obje<.-tion& ;  and  indeed  it  cannot 
i'  lod  as  a  correct  representation  of  the  compcvsition  of  a 

^.   .r  all   circumstances.     In   fact,  none  of  the  compound 

idiclee,  SO,,  NO,,  OO,,  have  been  obtained  in  an  isolated  form, 
or  is  it  ])robal)le  tliat  they  ever  will  be. 

It  aWj  appears  to  be  highly  inipmbalde  tliat  a  body  of  such 
owerfnl  chemical  attractions  as  potash  should,  in  carbonate  of 
otasciuin  for  example,  part  with  its  oxygen  to  a  substance  which, 
ilce  curl>onic  anhydride,  exliibits  no  tendency  to  further  o.xidation, 
Ui*t  K,0,00,"Bhould  become  K„00,. 

e  conclusion  which  ia  most  probable  is  this  :  viz.,  that  a 
when  once  formed,  must  W  regarded  as  a  wliole ;  it  can  no 
lie  looked  upon  as  consisting  of  two  distinct  i»arts,  but  as  a 
8ul)3tanee,  mamtained  in  its  existing  condition  by  the  mutual 
ions  of  all  the  elements  which  eoni]>ose  it.     These  dftt'erent 
-  are  not  all  united  with  each  other  in  every  direction  witli 
amount  of  force.    As  in  a  crystal  there  are  certain  rlirec- 
tiotib  in  which  the  mass  admits  of  cleavage  with  greater  facility 
than  in  others,  and  as  two  or  three  diiFerent  directions  of  cleavatje 
laav  be  found  in  the  same  crystal  by  varying  the  direction  in 
irluch  the  force  is  applied,  so  in  the  same  salt  there  are  directions 
In  which  it  yields  to  t!ie  ap{>lication   of  clicTiiical    force  more 
teaiJily  than  mothers;  and  according  (»  that  chemical  force  is 
Ijiplietl  in  one  way  or  in  another,  the  componnd  splits  up  into 
hm^iler  substances,  the  nature  of  which  will  vary  according  to  the 
«  which  baa  l)een  selected  for  effecting  its  de<;omposition. 
""or  example,  if  the  solution  of  a  powerful  acid,  such  as  nitric 
I,  be  poured  upon  carbonate  of  pota^^sium,  carbonic  anhydride 
liberated  abundantly,  and  nitrate  of  potassium  is  proihiced ; 
K,€0,  +  2  HNO.  =  *2  KNO,  +  €0,  +  11,0;   but  if  another 
portion  of  the  same  carbonate  of  potaasium  be  mixed  with  char- 
coal, and  heated  in  an  iron  retort  to  whiteness,  metallic  pota.'isiuin 
and  carbonic  oxide  arc  the  results;  K,00,  -f-  2  O  =  K,  +  "i  OO. 
Again,  if  a  solution  of  carltonate  of  potarisium  be  sntijccted  to 
electrolysis  by  the  aid  of  the  voltaic  battery,  the  salt  splits  up 
uitij  potassium  (which  is  immediately  oxidized  by  the  water  in 
flic  .i.;j^t  of  which  it  is  liberated),  and  into  0<^„  M'hicli  is  as 
resolved  into   oxygen   gas    and    carbonic    anhydride; 

•  '^j-'».  becoming  2  K,  +  "2  00„  and  2  IC,  +  4  H,0,  giving 

♦  KHO  +  2  H„  whilst  2  OO,  becomes   2  OO,   -I-  O,.      The 
probability  therefore  is,  thst  neither  the  old  nor  the  new  view  is 
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abpulutely  correct,  Imt  tliat  each  may  in  tuni  well  rep: 
Rait  when  subjected  to  the  iufluence  uf  particnliir  circiun 
It  niuy  therefore  readily  be  eonetiled  that  the  binary  tijocirr 
in  certain  cixses  elucidate  the  deconijx>pitiv>nsi  ob»«erved,  not 
etandiiiif  the  difficulties  which  prevent  its  ado]>tion  as  » 
re|ii'ehetitiiti(in  «»f  the  molecular  arrangement  of  t^aline  com 
in  <;fencral  wlien  in  a  quiescent  state.     On  the  other  hand,  it 
often  be  convenient  to  represent  certain  salt*  m  conipouudl 
the  anhydride  and  the  base ;  earljonate  of  calcium,  for  ej 
iiiay  sometimes  be  written  CaO,00,  althon{»h  the  emniriciil 
niula  €a0O,  may  generally  be  preferred.     So,  again,  m  tbe 
of  the  sidi)hates.     Sulphate  of  magnesium  may,  for  instanot^ 
often  written  MgO,SOj,  although  we  may  generally  adopt 
form  MgSO,  which  involves  uo  theory  of  its  constitutiou, 

(j).')!)  Su/j>hihSttltJi. — Tlie  prece<hng  remarks  have  liecn 
with  ahiiost  exclusive  reference  to  those  salts  into  the  conijHi^iti 
of  which  oxygen  enters.  There  is,  however,  a  numerous  series (j 
compounds  parallel  to  these  uxy-Compountls,  hut  in  which  Bnl{>ini 
enters  into  combiuatiiui  with  tlie  metal;  and  fur  each  atom 
oxygen  ill  tbe  jfcrics  of  the  oxy-salts  an  e<piivalent  of  sulplmr 
tiui>stitnted  in  the  correspnntlrng  cornjxnnid  in  the  sulphur  seria 
(renerally  speaking,  the  siil]>liur-salts  are  of  subordinate  inipol 
tance  to  tlie  oxy-coni]»onnds  ;  many  of  them  are  decomposed  l 
adini.xture  with  water,  and  they  have  been  the  subject  of  mtu 
less  study  and  research  than  the  oxy-salts.  Many  chemists  res 
these  ciiiri[)()HTids  as  salts  in  which  the  electropositive  sulj>hid« 
such  as  the  protosulphides  of  potiujSJum,  «fcc.,  actthe  partol'l'ft«« 
and  the  clectroiiegntive  sulphides,  such  as  tiie  higher  sulphides 
areenic  aiir]  aiitiiuntiy,  act  as  acids.  No  doubt  their  niolecui 
constitution  is  analogous  to  that  of  the  oxy-salts. 

(5o2)    Varieties  of  S(tlt«. — Salts  are  usually  spoken  of  a* 
tral^  and,  or  hoMe  /  but  though  these  terms  are  in  general  ui 
there  is  some  ambiguity  in  the  manner  in  which  tliey  are  applie 

(553)  Neutral,  or  Normal  SaUjt. — The  idea  of  nentrahtv  u 
plies  that  the  peculiar  characters  of  the  acid  and  of  the  alkali  h« 
each  disaj>peared  as  a  result  of  chemical  combination,  and  o 
of  the  usual  means  by  which  this  neutralization  in  prop»ertici 
judged  of,  consists  in  observing  the  effect  which  is  produceilup 
certain  vegetable  colours  when  mixed  with  a  solution  of  the  sal 

The  blue  colour  of  litnius,  for  example,  is  changed  to  red 
the  action  of  an  acid,  wliilst  the  colour  of  litmus  reddene<i  bv 
acid  becomes  blue  if  it  be  mixed  with  an  alkali.     The  yell 
colour  of  turmeric  is  changed  to  brown  when  mixed  with 
alkali,  but  the  yellow  is  restitred  if  the  alkali  be  caused  to  coi 
bine  with  an  acid.     A  salt  which  atteuts  neither  the  blue  of  litmus 
nor  the  yellow  of  turmeric  is  said  to  have  a  neutral  reactioji.  Bnl 
chemists  are  in  the  habit  of  regarding  many  salt.s  its  neutral   in 
composition  which  arc  not  neutral   in  their  action  upon  colou; 
tests.     The  basic  properties  of  different  metallic  oxides  vary  Ci 
siderable  in  intensity.     Eipial  quantities  of  the  same  acid,  aceo 
mg  as  it  is  neutralized  by  eii^uivalent  qviautitios  of  a  weak  base 
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•-•   -TrtTig  one,  will  differ  considerably  in  their  action  npon 
tests  :  for  example,  02  part*  of  nitric  in-id  radfrle  in 
Minii;n:i«ion  with  30  parts  of  |Kitarisiuin  furnish  nitrate  of  putas 
(KXO,).  which,  when  di-isohod  in  water, dow  not  affect  the 
ir  either  of  blue  or  of  reddened  litnuis-paper.     It  is  therefore 

il  in  its  reactions  upon  ei>lour<Ml  te»t8. 

Salt*  of  nitric  acid  in  whicli  I  atom  of  a  rnonad  or  nnieqniva- 

lent  niitfd  like  potassium,  Podinni,  or  silver  displaces  the  hydrojjen 

II  of  the  acid  LINO,,  or  in   ^vhich   1  atom  of  a  dyad  or 

..i.-[..^.  ident  metal  snch  as  lend  or  cop])er  displace*  the  hy<lroweii 

2  atom*  of  nitric  acid  (2  HXO,)  are  regarded  iii*  neutral  in 

frxinpoiition  whatever  irlay  be  their  action  upon  vegetable  coloui's. 

lit",  for  insfHnce.  223  parts  of  oxide  of  lead  be  made  to  act  npon 

[12^  part?  of  nitric  acid,  nitrate  of  lead  and  water  will  Ih^  formed  ; 

lJ»be  +  2   IlMO,  =  II,B  +  Pb"  2  NB„  an.l  tlie  «dt  is  neutral  in 

fMm[M.-ition,  though  if  di(».solved  in   water  it  reddens  litnnis,  and 

W  an  acid  reaction.     The  same  thing  is  true,  also,  in  the  ca^e  of 

m'tnit*  rtf  wipper. 

Thi"  change  in  the  tint  of  the  c^iloured  test  is  tlierefore  not  to 
tfreirarded  a*  an  altsolute  proof  of  neutralitv  or  acidity  in  a  salt. 
*ie  change  of  colour  which  the  litmus  experiences,  even  from  a 
MJt  of  neutral  composition,  is  readily  ex[>huned.     Blue  litmus  is 
itwlf  n  species  of  salt,  formed  by  tlie  r-oudiination  of  the  metals 
of  one  of  the  alkalies  or  earths  with  the  radicle  of  a  feeble  vege- 
talilcacid  which  is  luiturally  of  a  red  cctlour,  but  wlii<'h  becomes 
Wne  when  it  is  neutralized  by  an  alkali.      When  a  powerful  acid, 
«Boli  Kg  the  nitric  or  the  suljihuric,  is  mixed  witli  this  bltie  colour- 
in*  matter,  the  radicle  of  the  strong  acid  seizes  u]irHi  the  basyl 
wmVh  the  litmus  contains,  and  sets  free  the  litmus  acid  which 
of  it*  natural  red  hue;  but  on  the  aiJdition  .>f  uti  alkali 
i  •  is  resti>red  liy  the  reactinn  of  the  newly  adflni  base  upon 
liu-  litmus  acid  and  the  formation  of  the  lituuis  salt  of  the  alkaline 
hI.    Again,  if  a  salt  with  a  strong  acid  radicle  and  a  eoinpa- 
(ively  feeble  basyl  be  mixed  with  the  blue  litmus,  the  strong 
lii'le  of  the  salt  seizes  upon  the  part  of  the  basyl  whicli  is  in 
tomhination  with  the  litmus,  and  lilierates  die  litmus  acid,  which 
-  'if  a  more  or  less  intense  red,  according  as  the  liasyl  of  the 
-alt  hiLs  given  up  more  or  less  of  its  acid  radicle. 
Fi.r  analogous  reasons  it  eometimes  ha]>pens  that  a  salt  wliich 
i»  neutral  in  composition  may  exhibit  characters  in  wliick  the 
Ittsyl  preponderates  to  a  greater  or  less  extent.     Carbonate  of 
T'<»tBffliam  (K,€0,)  is  neutral  in  composition,  but  it  appears  to  be 
Wic  in  Its  action  npon  the  yellow  colour  of  turmeric-paper, 
whicli  it  rendere  powerfully  brown,  and  it  immediately  restores 
the  blue  tinge  to  reddened  lituuis.     This  ambiguity  in  the  use  of 
tlie  word  neutral,  may,  however,  be  entirely  oltviatcrl  !»y  dcscrib- 
1"?  a?  vorw/if  mrlf.s  the  salts  above-meiitiimed  as  neutral  in  cotn- 
:  employing  the  term  neutral  solely  with  reference  to  the 
I' the  body  upon  coloured  tests;  and  in  this  sense  we  shall 
T  use  these  terms. 
-'4j  Polyhaeio  Acids — Acid  SdUa. — If  a  quantity  of  oxalic 
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at'id  l»e  diviMiMi  into  two  equal  portions,  one  of  wliich  is  diiSH>lv 
in  wafer,  and  mixed  with  n  solution  of  hydrate  of  potash  until  I 
liquid  becomes  neutral  in  its  reat^tion  np<in  litmus,  a  salt  is  form 
which,  on  evaporation,  may  be  obtained  eryst^illized  in  hh-ivi 
prisms,  which  consist  of  the  nonnal  oxalate  of  [X)tai«ium.  (K,€,C 
II,0).  If  this  salt  1)6  redissolved  in  water,  and  the  eecond  jM)r 
of  oxalic  acid  he  added  to  it,  chemical  union  of  the  two  i 
will  occur ;  tht!  lirjnid  so  obtained  will  be  found  to  have  a  < 
taste,  to  redden  litmu?  powerfully,  and  on  evaporation  to  yield  j 
new  salt,  wliieli  crystal lizesi  in  rhomboidal  j»risnis,  cont 
exactly  half  as  nnieh  jjotaspium  in  proportion  to  the  acid  as 
first  salt;  this  is  the  hirioxalate,  or  acid  oxalate,  of  jxttajdn 

(Kiie,e.,ii,e) ;  for  K,e.e,.  n,e  +  ii.e.e,,  H,e=2  (Kiie.e 
n.e). 

A<?ain,  if  the  normal  sulphate  of  potaeeimu  (K,SO,)  be 
eolved  in  liot  isiil]>huric  acid,  tabular  plates  of  a  new,  fueJble, 
Btrongly  acid  ealt,  will  crystallize  out  as  the  liquid  cools,  and  i 
bisulphate  or  acid  sulphate  of  potassium  will  l>efV»nned  (KIISOJ 
for,  K.SO,  +  1I,SB.=2  KILSe..  This  ealt  contains  only  half  tE 
amount  of  potassium  which  is  present  in  the  nonnal  sulpluiti 
If  an  attempt  lie  made  to  form  a  similar  salt  I>y  dissolvinic  nit 
of  potassium  in  nitnc  acid,  tlie  experiment  will  fail,  for  the  nic 
will  be  ftiund  to  crystallize  out  unchanged. 

It  is  thus  apparent  that  there  are  certain  acids  which  fiimid 
Baits  eontnininj;  only  one  proportion  of  the  metallic  basyl  nnitt 
with  the  radicle  of  the  acid,  whilst  there  are  other  acids  in  wbia 
the  radi<le  lias  the  power  of  combining  with  the  ba«yl  in 
proporti(»iis,  fL>nuiug  two  classes  of  salts,  one  of  which  is  nent 
m  its  reliction,  the  other  is  acid. 

It  usually  htippena  that  .inch  acid  salts  contain,  in  addition 
the  ealt  radicle  and  basyl,  a  certain  quantity  of  hvdruircn. 
occurs,  fi>r  instance,  in  the  acid  sulphate  and  the  acid  oxidate  ( 

i>otassium.     This  hydrogen  is  not  to  be  regarded  as  present  intl 
brm  of  water  of  crystallization  :  it  discharges  a  more  imjwrta 
function,  for  it  takes  the  place  of  one  of  the  atoms  of  the  me 
on  these  occasions:  and  it  is  because  the  basic  properties  ofhy(' 
gen  arc  so  feeble,  tliat  the  acid  character  predominates  to  bo  \ 
a  degree  in  such  salts. 

Acids  in   the  molecule  of  which  a  single  atom  of  hydrog 
admits  of  displacement  by  a  single  atom  of  a  metallic  monad  so 
as  potii.-viiinii,  are  said  to  be  mtmohtmc.     Of  this  description  1 
hydrochloric  acid  IICl,  the  nitric,  IINO,,  and  the  acetic,  lIO,H,^ 
acids  are  examples. 

If,  however,  the  molecnle  of  the  acid  contains  2  atoms 
hydrogen,  siiscejttible  of  disjdaccment  by  two  atoms  of  a  moi 
liJie  potjissium,  or  by  one  atom  of  a  dyad  like  zinc,  the  acid  isi 
to  be  dihami\  like  the  sulphuric,  II,St>„  the  oxalic,  II,0,0„ 
the  tartaric,  11,6,11,0,  acids.     Many  of  the  vegetable  acids  l>elc 
to  this  class. 

Again,  if  the  molecule  of  the  acid  cotitains  3  atoms  of  hydl 
^en  susceptible  of  displacement  by  3  atoms  of  a  monad  like  j>ot 
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or  sHver,  or  by  one  atom  of  a  triad  like  bismuth,  sncli  an 
i(t  is  f.aid  to  be  trihasic.      Coiniuon  phosphoric  acid,  lI,PO,,  is 
good  infttiince  of  tliis  kind ;  and  among  the  organic  acido  the 
eStrie,  1  [,0,II,O,,  may  be  nieutioiied. 

Acids  which  alK»w  the  substitution  of  more  than  one  atom  of 
liydfij^un  i»y  a  correspondinjr  uuuiber  of  atoms  of  a  metallic  monad 
(wlit'tlier  3,  3,  or  4  atoms)  are  said  tu  he  j)<di/h<i»i<;. 

Nitrate  of  potassium  (KNO,)  atltjnis  an  instance  of  theforma- 
tirm  of  a  normal  salt  by  the  action  of  the  oxide  of  a  monad  or 
•nnieqaivalent  metal  upon  a  monobasic  acid  ;  whilst  nitrate  of  lead 
^b"  2  XO,)  illuBtratea  the  case  of  a  normal  salt  formed  by  the 
Tenction  of  the  protoxide  of  a  biequivalent  or  dyad  metal  upon  a 
moiiubaaic  acid ;  and  carbonate  of  potassium  (K,00,)  affords  aa 
example  of  tlie  formation  of  a  normal  salt  by  the  reaction  of  the 
oxide  i>(  a  monad  metal  with  a  dibasic  acid.     These  three  varieties 
inelnfle  the  most  common  forms  of  nonnal  salt.     When  a  dibasic 
ici<l  acts  upon  the  protoxide  of  a  metallic  dyad,  a  salt  is  fonned 
ilar  to  that  obtained  by  the  reaction  of  sulphnric  acid  npon 
,te  of  lime,  where  two  atoms  of  hydrogen  in  the  acid  are  re- 
ed by  1  atom  of  the  dyad  or  biequivalent   metal   calcium ; 

But  numerous  salts  are  known  which  are  formed  by  the  action 
of  sesqnioxides  upon  the  acids.  In  certain  ca^es  the  sesquioxidos 
let  upon  the  acids  just  as  the  protoxides  do.  Thus  the  sosqni- 
oxi'le  of  antimony  and  uranium,  as  well  as  those  of  bismuth,  iron, 
"  id  aluminum,  in  certain  circumstances  yield  a  sulphate  by  the 

ion  of  the  two  bodies  m  the  proportions  indicated  in  the  fol- 
btring  equations : — 

i?,o,  +n,se.=(F,e,)"se.+n,e 
sb,e, + n.se, = (Sb,e,)"  se, + H,e 
Bi,e. + H,se.=(Bi,e,)"  so. + ii,e 
Fe,e, + H,&e.:=(Pe,e,)"se. + n,e 
A1A+ n,se,=(Ai,o,)"se.+ii,e 

These  sulphates,  however,  with  the  exception  of  the  first,  are  all 
iMoIulile ;  the  oxide  of  uranium  (if,0,)  ',  (uranyl,  as  PiJligot  has 
termof]  it)  has  been  isolated  ;  indeed  it  was  for  some  years  mis- 
taken for  metallic  uranium,  till  Peli;i;ot  sliowed  it  to  be  a  com- 
pound, and  obtained  the  metal  itself.  The  other  oxides  of  the 
loniiulte  correspontling  to  uranyl  liavo  not  been  isolated.  The 
f 'r- r.jiiig  salts  are  generally  regarded  as  basic  salts,  derived  from 
juioxides.  Many  ot  them  retain  water  (not  shown  in  the- 
'•HMinei,  and  may  be  conveniently  rei)re3ented  either  by  the 
^neral  formula  MjO„SO„  or  they  may,  by  trebling  the  formulifi 
jnst given  above,  be  represented  in  the  following  manner: — 

Bikeic  Bolptute  of  Rntitnony  8bt  3  &Q„  3  Sb|0i 

"  "  bLsmulh  Bi,  3  SO,,  2  Bi,e, 

"  "  iron  Fe,  3  Se„  2  Fe.O, 

"  "  Bluminum  Al,  3  SO,,  2  A1,0, 

In  the  majority  of  instances,  when  a  dibasic  acid,  such  aa  the 
mlphuric,  acts  npon  SBesgnJoxide,  such  as  alumina  or  fevdcox\dti, 
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three  atoma  of  the  dibasic  acid  are  reijaired  to  form  «  no 
Holuble  salt,  in  which  case  the  tnctal  liccomes  terequivaleijt,| 
two  atom*  of  the  metal  are  therefore  eqnivaletit  to  6  ate 
h.v.lrogon.      For    example,    (Ar"),0,  +  3  11,80,  yield  3 
(Al'"),  3  SO,,  and  under  the«3  jmrticular  circumstances ir 
iuHteH<l  of  being  biefiuivalent,  aa  in  the  ferrons  salts,  be< 
equivalent  in  these  lerric  salta      (Fe"'),0,-f-3  U,SO,  yieltii 
0  +  (Fe"'),  3  SO,;  thus  alFordinp  an  example  of  the  remari 
fact  of  a  metal  posftossinjj  two  different  eqnivalentB. 

Other  metald  be«i<lei«  iron  exhibit  tliis  |X)wer  of  aeemmngi 
different  equivalents:  chromimn  and  cerium,  for  example,  in [M»^ 
ticular  cases  may  be  bie<quivalent,  whilet  in  other  cased  thev  «rti 
undoubtedly  terequivalent  metals ;  for  instance,  they  are  liitxjui- 
valent  in — 

ChiwnoHB  diloride  and  Bulpliat« 6r"Cl»  ;  6r"j?0« 

CerouB  chloride  imd  milpbato 6o"Qi;  Ge"6&t 

and  terequivalent  in 

Chromic  chloride  and  sulphate flr"'01j;  Gr"'»  3  SO, 

Oorie  chloriiio  and  sulphate €o"'Cl« ;  6«"'»  3  SO* 

In  the  protoxides  and  salts  corresponding^  to  them,  these  metib  ] 
are  bie(piivalent;  whilst  in  the  pepquioxidpfl  and  the  salt*  corre-] 
spondin^  to  them  the  metals  are  tereqnivalent.     Tin,  platinmn, 
and  palladimi!,  again,  in  certain  cases  are  biequivalent,  in  othefs 
quadnxpiivalent. 

The  normal  salts  derived  from  these  different  eesquioxides  brl 
the  action  of  aeid»  ujion  them,  have  nsnally  an  acid  ta»te,  maJ 
redden  litmus  powerfully.  This  is  well  seen  in  the  ferric  ttA\ 
aluiiiinie  sulphates. 

It  is  not  necessary  that  the  two  or  three  atoms  of  basyl  which  I 
the  salts  of  the  ilibjvsic  or  tribasic  acida  contain  should  conMSlj 
of  the  same  metal.     Indeeil,  it  has  already  been  shown,  iu 
case  of  the  various  phosphates,  that  several  basyU  may  c«:K.'xist  in| 
the  same  salt,  in  demiite  proportions.     There  is,  for  example, 
pyrophosphate  of  sodium  and  hydrogen,  composed  of  Na,iy*J 
0„  in  which  two  atoms  of  hydrogen  supply  the  place  of  thetl 
equivalent  of  sodium  ;  and  in  the  microcosmic  salt  (Na,H,N,l' 
PO, .  4  IL,0),  we  have  atribasic  phosphate  of  soilinm,  amiuonian 
an<l  hydrogen,  where  each  of  the  three  atoma  of  basyl  differafion 
the  others. 

Now  it  frequently  happens  that  hydrogen  is  one  of  the  ba^k 
present  in  the  ealt,  and  when  such  is  the  case,  the  salt,  yfht 
dissolved  in  water,  often  has  a  sour  taste,  and  reddens  litmi 
paper  strongly.     It  is  in  this  way  that  the  most  common  vi 
of  acid  salts  is  formed.     Cream  of  tartar,  or,  as  it  is  often 
bitartrate  of  potash,  offers  a  good  illostration  of  thi^  kinc 
aalt. 

Cream  of  tartar  is  a  pparingly  soluble  crystallizable  compound, 
of  an  agreeable  acidnlous  taste;  it  consists  of  KIIO,H,0,,  and 
is,  in  fact,  a  dibasic  tartrate  of  potasBium  and  hydrogen  :  u  now 
it  be  diasolved  in  hot  water,  and  another  ecysdvalent  pa'oportioi 
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tic  pjtash  be  added,  the  hydrogen  In  dii»pl8ced  bv  tli« 

id  Atom  of  potiiseiuiu,  all  the  at-id  taste  <H«ippeat¥,  and  nor- 

lartrate  of  pota!>sium  (IC,0,H^O,),   a  Bait  wliich  no  longer 

itfMttB  the  colour  either  of  litmus  or  of  tiiriuerie  pajier,  is  produce<L 

.An  ei^nivalent  quantity  of  carbonate  of  pota«*sinm  may  be  sul^ 

0titated  for  cau;»tic  potash  with  equal  effect,  as  it  will  Vk)  decom- 

■pOBod,  and  the  carbonic  anhydride  will  be  expelled  with  effervea- 

MmoD.     Carbonate  of  sodium  may  l>e  suljstituted  for  the  carlnin- 

•le  I'f  poliiasium,  but  in  this  caee  a  different  (-alt,  known  a.«  Rc^ 

dioOe  »alt.  the  tartrate  of  sodium  and  pottt**iutu  (KXaO,H,0„ 

4  H.O)  will  be   fonned  by  the  tbllowiug  reaction;    XalIGM4,-H 

KHeji.e.=ii,© + €e, + KNae.ir.e,. 

Ai.id  ealte,  however,  thou";li  generally  fonned,  like  cream  nf 
tutar,  from  a  dibasic  acid  which  has  reacted  with  1  atom  only 
of  a  powerful  base,  the  place  of  the  aecond  atom  of  metal  being 
nppUed  by  an  atom  ot  hydrogen,  are  not  alwaye  so  i>roduced: 
Ml  »cid  9ul|>hate  of  potassium,  wliioh  is  anhydrous",  may  be  ob* 
tainwl  (IC,SO„SO,);  and  the  acid  chromate  or  bichi'omate  of 
P"!ii-h  always  occurs  in  the  anhydrous  form.  Such  salts  have 
mn  iliiitinguiiahed  from  ordinary  acid  Baits  by  the  term  anhydro- 
talie,  or  salts  containing  an  anhydride. 

(555)  DmiM4}  &dt-8. — The  foregoing  description  of  the  l>oly- 
\mc  acids  has  presented  ua  with  certain  caeea  in  which  aoubU 
wife  are  formed.  There  arc  &everal  varieties  of  double  salts.  The 
niiMt  common  are  tlK>6e  which  are  pnulnced  by  the  union  of  two 
dissimilar  metaU  with  tlie  same  acid  radicle.  These  varieties, 
however,  are  contined  within  certain  limits.  It  is  not  possible  to 
fcrin  (loulile  salts  ad  lihitictn-,  \yy  bringing  2  equivalents  of  any 
dcitl  in  contact  with  1  equivalent  eac-h  of  any  two  bases.  Chemisfa 
ssiniue  that  when  two  different  metallic  monads,  sudi  as  sodium 
und  |K)ta85inm,  combine  with  the  same  acid  radicle  in  tlie  [»r<i])or- 
tl(m  111"  1  atom  of  each  metal  to  form  a  <buib!e  salt  (like  liochelie 
salt),  the  acid  in  question  is  dlbiusic.  The  larger  nmnlH-r  of  doui>le 
»lto  which  have  been  i>ro<lu('cil  urc  thus  formed  Uy  tlic  cnnihiria- 
tioii  of  different  metals  with  jiolybasic  acid  railicks.  The  so- 
<alltMi  bicarbonates,  binoxalates,  and  many  other  siiuilHr  com- 
pmitKk,  prove,  on  examination  to  be,  as  we  have  already  shown, 
true  double  salts  of  this  class,  analogous  to  normal  or  neutral  salt* 
in  composition.  Some  other  considerations  relating  to  the  basicity 
of  Hcids  and  to  the  polybafiic  acids  will  bo  more  conveniently 
deferred  until  the  nature  of  the  organic  aciils  luus  been  diacussed. 

^Tlie  formation  of  ajiother  remarkable  series  of  double  salts,  par- 
ticularly investigated  by  Graham,  appears  to  be  directly  connected 
'Vitii  the  nnxle  in  which  water  attaches  itself  to  certain  salts,  In 
teOBt  CHses  the  wat«r  of  crystallization  may  be  expelled  from  a  salt 
1>T  exposing  it  to  a  temperature  not  exceeding  212°.  This,  how- 
^^'cr,  does  not  always  hainien  :  sometimes  all  the  water  of  crystal* 
liutioH  may  thus  l>e  exiielied  with  the  exception  of  a  single  atom, 
whicli  requires  a  nnich  higher  heat  for  its  expulsion,  although  iu 
these  cases  it  does  not  appear  to  act  iu  any  degree  as  a  l>ase. 
wader  th«ee  ciruxunatfaioee  it  wae  found  that  this  last  atom  of 
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ion  trora  a  solntion  containing  equivalent  quantities  of  the 
pro  salts.     Chloride  of  KCKliuiii,  for  example,  niav  be  melted  with 
"  equivalent  amount  of  chloride  of  calcium,  ot  strontium,  or  of 
;  and  in  each  case  a  compound  salt  is  obtained,  which  has 
lower  fusiug-point  than  either  of  its  component  chlorides 
;  separate  form  ;  but  the  double  salt  is  decomposed  when  it  is 
kgeolveii  in  water. 

Sfilisalis. — A  very  different  series  of  saline  com|K)und3 

lius  for  consideration,  and  in  these  the  proportion  of  bajse 

ijites  over  that  of  the  acid;    they  are  usually  desit;nated 

"7a,  or  subsalt^.     The  theory  of  tlie  fonuation  o^  these 

loompounda  is  very  imperfect.      In  many  cases  subsalt*  may  be 

'compared  to  salts  which  contain  water  of  crystallization,  the  atoms 

I  of  base  in  excess  being  assumed  to  be  attached  to  the  normal  salt 

ka  manner  analogous  to  that  by  which  the  water  of  crj'stalliza- 

gs  retained  hi  ordinary  instances, 
he  tendency  to  the  formation  uf  pubsalts  is  limited  to  certain 
and  bases.      It  is  indeed  one  of  the  peculiarities  of  the 
monad  bases,  such  as  the  alkalies,  and  the  oxides  of  stiver  and 
^alliiuu,  that  they  do  not  form  basic  salts ;  whilst  the  dyads,  such 
^Hie  oxides  of  copper,  lejid,  mercury,  and  zinc,  have  a  strong 
PKoncy  to  do  so,  while  the  oxides  of  the  triads,  when  basic,  such 
18  oxide  of  antiuKiny  and  bismuth,  have  a  still  greater  propensity 
tofdnn  basic  salts:  no  general  rule  can  be  lai<l  down  for  the  acids, 
_bnt  «nii»ng  the  common  acids,  those  ^^•hich  most  frecpieiitly  forui 
lie  *alt*  are  the  sulphuric,  nitric,  carbonic,  and  acetic  acids, 
oug  basic  sulphates,  for  example,  are  the  following  :— 

banttt*. euse„  seue,  4H,e 

aic  Butphato  of  copper. ^uSO,.  2  €u©H,0 

nrpeth  nunornl figS&«,  2  HgO. 

ig  basic  nitrates  are, 

sic  nitrate  oflead Pb  2  Jfe„PbO,n,0 

^liBSic  uitTute  of  copper ©0  2  NO,  3  truOUjO 

nbnitTnte  of  nn.Tcury 3  (Hif,  2  NO,),  fiu,0,H,0 

iMarignac's  do 3  (Hg,  2  NO,X  2  %ieH,e. 

I  following  are  instances  of  basic  acetates : —  « 

XlxiBic  acetate  of  copper  (verdigris) Gu  2  CjHnOi,  f'uO  6  H,0 

"ribiwic  aoetate  of  copper. 2  (6»i  2  tr,H,0,),  ^  fuH.  3  H,0 

riUMlc  Bcetflte  of  lead Pb  2  e,H,e„  2  HbH,H,« 

aexftbasic  acetate  oflead Pb  2  e.U.O,,  5  PbW,H,0. 

iimiplee  of  basic  carbonates,  we  give, 

ut« eueo,,€HieH,o 

i-oarbonate  of  copper. 2  <?u€4*j,-Guf»HiO 

tokad. a  Pb€e„PbeiI,0. 

kJnflt  as  we  have  polybasic  acids,  so  are  there  polyacid  ba.<yls — 
>lft,  that  is,  whicn  require  more  than  one  atom  of  a  monobasic 
I  for  their  saturation.  This  is  the  ca.ee,  lor  example,  with  the 
ffletalg  of  the  alkaline  earths;  but  as  yet  the  class  of  double  salts, 
^'  till  they  no  duubt  compose,  has  been  scarcely  examined. 

'567)  da?ye/i/«r/"///j«,  dv. — A  class  of  compounds  which  resemble 
^ubsalta  more  than  anj^  others,  is  presented  to  us  in  tive  bodica 
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ttmned  oxychlori<levS,  oxyiodides,  and  uxyc-yanides.    Irt  thr^t^ 
pounds,  one  atom  of  tlie  chloride,  of  flie  iodide,  <»r  of  tli*'  cvftiil 
of  a  metal  ia  united  with  one  or  more  HtomB  of  the  oxidf  of  tbc 
ftiime  metal.      Tumer'n  yellow,  which  is  an  oxvcldoridf    ■•'  1— "fl 
(PIiCl,  7  PbO),  is  a  well-known  ormimercial  article  bel" 
thifi  eliijw.     Such  corabinations  umually  occur  between  i>^ 
clilorideB  or  iodidee  of  metals  the  pure  chloride*  or  ii 
which  never  form  any  but  anhydit^us  eryi^tuls. 

Some  salts  enter  into  combination  with  other  iKxlies,  and  form 
coinponnda  which  are  in  many  respects  anomaKins ;  such  for 
instance  are  the  compounds  ot  ammonia  with  many  dry  (^h^ : 
2  atoms  of  chloride  of  silver  will  in  this  manner  absorb  3  atonic  ■>• 
ammunia.  Many  of  the  salts  of  copper  exhibit  a  Bimilar  power  (t»li2). 
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Bym- 
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Atomic 
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Atnmic 
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■^'f 

Tatttf 
point  F». 

grtYlgr. 

1 

Utitv. 

CtBAium 

0» 

133 

Rubidium ., . . 

Bb 

853 

1013 

I'62 

PoiHSsium  . . . 

K 

391 

44-96 

0  10956 

144  6 

0-886 

2086 

Sodium 

Na 

23 

23  GO 

0-293-10 

20T-? 

0  97a 

37  43 

Lithium 

L 

7 

11 -80 

0-94080 

356-0 

0  503 

l»-00 

The  metals  of  this  class  are  soft,  easily  fusible,  and  vohitJle  at 

hii^h  temperatures :  they  ftiruish  several  oxides,  of  w  1:  ' 
is  basic.     This  oxide  is  caustic,  and  extremely  deli'i 
hydrate  cannot  be  decomposed  by  ignition  ;  it  Bl»sr*»rlip 
acid  with  avidity.     The  carbonates  are  soluble,  so  are  the  r     _ 
and  hydroBulphatos  of  the  sulphides  (see  p.  2iid). 

§  I,  Potassidm  :  K'=39-l.  Sp.  Gr.  0.865 ;  Fimui/pt,  XWl 
NaiivA  Ci»np<ywMi9  which  contmn  I'otatmum., 

Alum (KAl  2  HO.,  12  H.B 

Felspar KNaV,B.Al,e„  r.  SiO^ 

Biaxal  mica K,0,3  Sie,,3  [(AlFe)"',e„9iOj. 

(55S)  Si/mhnh  of  Mixtures  (yf  laomafphoiu  CompouivtA. — Tin 
forniida?  employed  uIjovc  for  felspar  and  mica  rerpiirr 
as  the  principle  uf  notation  atloptetl  in  tlicsc  eiwes  w: 
hereafter  to  tlio  fomiuhe  of  a  large  number  of  mincraJB.* 

•  ■'  ■■  -'  itre  •ocoii)]'!  of  , 

comb  I  lined,  Uwt  I  •! 

pr6fti>Ul  in  r«ii:ii>;i;:ii  HKi  wiiii  \uv  iijl<W9,  IQ  llCCut<ian<T  wuu    kitv   ruu<'l   \:':W, 
bowevcr,  thu  uuw  ntociiio  wuighlj. 
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It  often  happens  that  isomorphous  bases  displace  each  other 

tiif  same  minenil  without  alterinjf  its  form  or  inineralogit^al 

fers,  or  even  without  aUerinjj  iu  general  eheiuical  formula. 

i-tr  example,  may  be  regarded  as  a  compound  of  1  ati>m  of 

IxikicMte  uf  a  protoxide  of  a  metal  with  3   atoms   of  a  ditierent 

Hicate  of  a  sesitjaioxide  of  a  ditferent  metal.     Let  M  stand  for 

the  metallic  base  of  the  protoxide,  X  for  tlie  metallic  bat^e  of  the 

iftsquioxide ;  the  general  formula  for  mica  maj  then  be  expressed 

.thus:— 

Mica  =  [M,e,3  SiO.,  3  (N.e.,Sie,)]. 

lovthe  components  of  potiigh-miea  are  principally  silicate  of 
Otjuli  and  silicate  of  aluniinii,  the  potsish  bein<i;  the  metallic  prot- 
dde  and  the  alumina  being  the  metallic  se.^quioxide  ;  but  sesqui- 
cide  of  iron,   i4eji(|uioxide   of  maiigimese,   and  scdquioxide  of 

oinium  are  also  isomorphous  with  aluuiir.a:  these  compounds 
!<jiieiitlj  displace  a  portion  of  the  alumina  from  its  combinations, 
and  tills  is  especially  the  case  with  the  sesquloxide  of  iron.     The 

culiiirif y  uf  isoiiioqjhoiis  metals,  when  tliey  (lisi)laco  each  other, 

tbis — that  the  displacement  is  lial>le  to  uccar  in  any  possible 
WjMjrtion  ;  for  example,  in  ditfercat  spociineus  of  mica  the  re- 
live projKJrtions  ut  iron  and  aluminum  are  liable  to  great 
•rifttions ;  this  arises  from  the  fiujt  that  the  ferric  silicate  and 
licaUi  of  aluminum  which  are  isomorphous,  may  be  mixed  in 
cvinceivable  proptirtion,  and  will  (•rystallize  together  without 
llteriiig  the  form  of  the  mineral.  The  same  fact  may  als«.>  be 
epaseiited  by  stating  that  tliey  may  vary  iudetinitclv  in  amount 

Drilled  only  that  the  quantity  of  the  two  metals  talvon  together 
I  any  one  specimen  furnishers  such  a  proportion  of  a  metallic 

i<luioride  aa  is  equivalent  to  the  silica  in  that  portion  of  the 

iJuerul ;    that  is  to  say,  that  the  two  prrtportionala  of  metal 

^[uired  for  combination  with  the  3  )>ropurtionals  of  oxygen  iu 

mioxide,  may  either  consist  wholly  of  alnmiimni,  or  a  situdl 

ejiaite  propjrtion  of  the  aluminnin  may  have  its  place 

•I>lied  by  a  »iinjJl  but  fpiivident  quantity  of  iruu,  or  a  hn^e 
oportion  of  the  aluminum  may  liave  its  place  supplied   by  a 
<!'Jn'ebix>n<li!ig  and  equivalent  proportion  of  iron. 

Nuw  the  method  of  notation  adopted  in  the  j)receding  for- 
iil»  is  employed  to  indicate  precisely  this — that  the  proportions 

the  two  or  more  motals,  the  symbols  of  which  are  bracketed 
^etlier,  thus,  (AlFeMn)"',0,,  are  lialile  to  vary  within  any  con- 
nvalde  limit*,  pi-ovided  that  the  united  amount  of  all  the  metals 
'bracketed  be  exactly  sutlicient  to  form  a  true  aesquio-vide  with 

!  three  proportionals  of  oxygen. 

In  like  manner,  in  the  case  of  the  potash  in  felspar,  the 

part  of  the  potassium  may  be  snj»plied  by  sodium ;  b'. 
Oportiona  of  the  two  taken  together  recpiire  exactly  the  same 
Bimut  of  oxygen,  and  consequently  saturate  the  same  proportion 
'jilica,  that  1  atom  of  potash  alone  would  have  required. 

This  frequent  partial  displacement  of  one  isomorphous  metal 

another  in  native  crv«taJJi^ed  minerals  renders  much  caution 
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necessary  in  interpreting  the  results  of  an  analysis.  Tlie  difficoltr 
iif  fixing  the  lV>rnuiUi  ol  a  mineral  of  coni^e  increases  •with  tliei 
complexity  of  its  eouiiiosition,  and  it  is  withtJic  siliratuii  e«*!ieei«Jly 
that  these  difficiiltieii  are  experienced.  It  is  iimiai,  wlien  the  ana- 
lytical operations  are  conipleted,  to  ascertain  the  })ro]^M)rtIoti  i-f 
oxyijen  m  the  silica,  then  the  pro]>ortion  of  oxygen  eoirtaiiMHl 
in  the  scsquioxidcs,  and  lastly  the  qiniutity  of  oxygen  in  the  prot- 
oxides ;  because,  however  much  the  proportions  of  tlie  ditfereiit 
metals  may  varj'  in  difi'erent  eiteciniens  of  the  same  niinernl, 
the  ratio  of  the  oxygen  in  both  eet*  of  bases  to  tlie  oxygen  in 
the  silica  remains  uniform.  Li  feUpar,  for  iii>tMnee^  if  the 
proportion  of  oxygon  in  the  silica  he  taken  as  12,  that  in  ihc 
sesquioxide  of  aluminum  is  3,  and  that  in  the  prottixide  of  ]iutM> 
siuni  or  sodium  is  1. 

(559)  Potassium. — This  remarkable  metal  waa  discovered  by 
Davy,  in  the  year  1807,  and  it^  isolation  mark«  an  imjtorlunt  era 
in  theprogresa  of  philosophical  chcmistr}'.       The  alkalies  and  the 
earths  had  long  been  huspeeted  to  be  compound  bu<liet..  but  up  to 
that  period  they  had  resisted  all    attempts  to  docompmse  tbem. , 
When  once  i»otassiuni,  however,  hud  bueu  separated  from  it*  eoiii- 
pounds,  and  i)otash  had  been  prove<l  t<>  be  an  oxide  of  this  metal, ' 
the  decomjuisition  of  the  other  alkalies  and  earths  fullowed  iva  m 
neee^aary  consequence:    more  coiTeet    ideaa    upon  fundamentitli 
points  of  chemical  theory  were  introduced  ;  new  niethodfc  of  re-j 
search  were  placed  within  reach  of  the  analytical  chemist,  and! 
potassium  itself,  from  its  jvowerful  attraction  for  oxygen,  l>ecuiue] 
an  important  iuldition  to  the  rejigcnts  of  the  hilxiratury. 

/^Yy>t'r<<W. — Potiissium  i^  a  bluish-white  metal,  whuh  is  brittle,  ] 
and  lijis  a  crystalline  fractnreat  32' ;  at  temperatures  a  little  al)o\'Q 
this  it  is  malleable  ;  at  G0°  it  is  soil;  ae  the  tem]K'rttture  rise*  it] 
bec«jmea  pasty,  and  at  144''*6  it  is  completely  litiuid.  Whilst  inj 
the  soft  conditlfni,  two  clean  surfaces  ot  the  njctal  admit  of  beiiif  j 
welded  together  like  iron  ;  at  a  red  heat  it  may  l>e  distilled,  aital 
it  yields  a  beautiful  green  vapour.  l\»tiissium  is  light  enough  to] 
float  in  water,  having  a  specitic  gn'.vity  of  only  lt'8H5.  If  ex- 
posed to  the  air,  even  for  a  few  minutes  only,  it  becomeiB  eoveredj 
with  a  liliii  of  nxide:  when  heated  to  its  pomt  of  volatilization  itl 
bursts  into  tlaine,  and  burns  with  great  violence.  The  ptiwerfnlj 
attraction  of  potassium  for  oxygen  is  seen  on  throwing  llio  n>etAij 
into  water,  in  which  case  part  of  the  water  is  immediat^lv  decom-l 
posotl;  half  the  hydrogen  of  the  water  is  displaced  bv  tlm  potjM*] 
sium  and  hydrate  of  potash  is  formed,  2  Il,0  +  K,=2lvII0  +  II„j 
while  the  escaping  hydrogen  carries  with  it  a  small  jioitii>n  of  tbej 
volatilized  metal,  and  taking  tiro  from  the  heat  evo!ve<l,  bunicj 
with  a  beautiful  rose-red  flatne;  the  metal  melts  and  swims  al 
rapidly  uj)on  the  water,  an<l  tinally  disappears  with  an  expU 
burst  of  steam,  as  the  globule  of  melted  uydrate  of  potash  wl 
is  formed  during  its  oxidation  beeomw  sutliciently  e<jol  to  comi 
into  contact  with  the  water.  Potassium  decomposes  ru-iwly  nHl 
gme»  which  contain  oxygen,  if  it  be  heated  in  contact  with  thcin;j 
and  at  a  high  temperature  it  will  rtuuMVc  uxygen  from  almuftt  all 
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bfM^i'es  fnto  the  constitmfiou  of  wliicli  thiit  element  entere.  It 
bec»inies  necessary  tlierefore  to  preserve  the  luetal  either  in  cx- 
haurtctl  lieniietically  sealed  L'hu^s  tubes,  or  under  the  eurtace  of 
etyme  li<jiii<],  like  tmphtlni,  which  does  not  contain  oxviren.  At  a 
heat  short  of  re<ineiw  pot:ifts.iuni  ali^orbu  hydrofjen  and  heeouies 
converted  into  a  greyish  mass  (^HK,!!):  but  if  more  strongly 
heated,  the  liydrogen  is  agiiin  expelled.  Pota^ium  enters  directly 
into  CfiDjbiiuition  with  the  halogens  and  with  snjphur,  selenium, 
and  tellurium,  burning  vividly  when  heated  with  tlieni.  It  likewise 
absorbs  carbonic  oxide  with  faciUty  when  heated  nicMlerately  in 
it,  or  when  the  vai)our  of  potastiiura  is  allowed  to  condense  slowly 
in  an  atmosphere  of  the  gas ;  a  black  niase  is  tliUB  formed  from 
which  the  metal  cannot  be  recovered.  It  furnishes  rhodizonate 
of  potasiiium  when  treated  witli  water,  and  oceaAions  considerable 
waste  in  the  ordinary  method  of  preparing  potiiMium. 

(560)  Prepiirut'um: — 1.  Davy  originally  obtained  potassium  by 
decomposing  a  fragment  of  liydrate  of  }>ota*h  (which  had  become 
'Jig^htly  moistened  upon  its  surface  by  exposure  to  the  air  for  a 
few  minutes)    by  the  current  of  a  voltiuc  battery  of  200  or  250 

fairs  of  six-inch  plates,  on  Wollastou's  construction.  The  dry 
yi Irate  is  an  insulator,  but  a  trace  of  moisture  confers  upon  it  a 
flutHfieut  degree  of  conducting  power:  under  such  circumstancea, 
globnli-ti  of  metallic  ])otassium  are  separated  at  the  negative  wire, 
and  iiuiy  be  preserved  under  naphtha.  They  burn  vividly  in  air, 
leaving  an  intetuely  alkaline  residue.  This  method  of  procuring 
the  metal,  however,  furnishes  it  only  in  very  small  quantity,  ana 
in  difKcult  and  ex])ensive. 

3. — (iav-Luseac  and  Thduard,  in  1808,  invented  a  method  by 
which  potajjftium  may  be  obtained  by  purely  eliemieal  means  in 
g^i-vuiter  abundance.  Iron  turnings  were  heated  to  whileuej^s  in  a 
curved  gun-barrel,  which  was  covered  with  a  clay  lute,  to  preserve 
it  from  the  action  of  tlie  air  at  a  high  tcmfierature,  and  melted 
hydrate  of  yxitash  was  allowed  to  pass  slowly  over  the  ignited  iron  ; 
decompi^sition  ensued,  the  iron  combined  with  the  ox3'gen,  and 
potassium  aloug  with  hydrogen  passed  forwards,  the  potassium  con- 
detLsiug  in  a  copper  receiver  which  was  kept  cool, 

3. — Tlie  prociiss  by  which  potiwsium  is  now  olitained  consists 
in  decomposmg  the  carlxmate  of  pota.ssium  by  charcoal,  a  plan 
origiu.aIly  invente<l  by  Curaudau,  and  iinproved  by  i'rtnmer. 
This  oiK^iiition  has  been  carefully  stu<licil  by  Marcska  and  Donny 
{Ann.iU  Chlmu\  III.  xxxv.  147).  In  order  to  ensure  a  successful 
reealt,  attention  to  a  number  of  minute  precautions  is  requisite. 
The  material  which  is  best  adapted  to  its  ])reparation  is  the  potas- 
«am  salt  of  some  vegetable  acid,  which,  when  (i<u'< imposed  by 
heal  in  a  vessel  from  which  air  is  excluded,  leaves  a  large  cpiantity 
of  carlxm.  For  this  purpose  the  acid  tartrate  of  jiotasaimn,  or 
crude  tart.'ir,  iH  preferred.  About  fl  lb.  of  this  substance  is  placed 
in  a  capacious  iron  cnicible  furnished  with  a  cover,  and  ignited 
till  it  ceases  to  emit  combustible  vapours.  A  porous  mass  of  car- 
IxHiatc  of  potassium,  intimately  mixed  with  very  finely  divided 
Otfbuu,  '\A  thus  obtained  :  tluB  is  rapidly  cooled  by  moi&teuiugtk'Q 
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na  pnxiatcd  dvrin^  thm  Aitilahiw  mto  a  reeetver,  f,  vhick  i 
it  fcmJ  flMMt  MhrHMMWaft  to  iwimif  I  of  Um  &rm  ebovn  on  ii 
«BfcB|gad  Mala  m  §^  BOi  It  aaaairti  of  two  pieeea  of  wrot^ 
ina.  c,  i«.  whaA  me  fttad  ciaMlf  to  eadi  otlier,  so  as  to  fin  J 
tktliov  bux  ooIt  a  4)ttatter  of  an  indi  deep,  and  are  eonfiaed  i 
tfMwr  nlaee»  hr  damp  mivwb  :  tbe  iron  plate  should  be  oae«tlt 
of  ao  meh  thick,  li  nuhm  loag,  and  5  incbea  wide ;  the  reoetfi 
k  npoB  at  both  endis  tha  soi^eC  fitting  upon  the  naek  of  tiie  im 
retofff.  Tbe  oljeet  of  prnariac  tbe  receiver  of  this  partiooll 
Ibnn  »  to  entoie  the  rapid  cooling  of  the  pota^niu,  and  a> ' 
wtthdmar  it  flfum  the  aetioa  of  the  carbonic  oxide  which  is  " 
flared  daring  tbe  whole  procen.  Belbre  thie  receiver  is 
with  the  tube,  d.  the  6re  is  ?1ow1t  raised  until  the  retort 
dull  rvd  heat ;  ^towdereii  vitritied  borax  is  then  sprinkled 
exterior ;  tbe  honx  melts,  and  £xm8  a  eoatinff  which  pi 
the  metal  firotn  laidatioo.  Tbe  heat  is  then  urged  until  it  becom 
very  intense.  A  mixture  of  ooke  and  charcoal  funus  h  fuel  ^ 
•dapced  to  this  purpose ;  eare  slwold  be  taken  that  the  tempc' 
ture  of  the  furnace  be  raised  as  easall^  throughout  every  p«i 
p«iissible.  AVlien  a  full  reddi«b-wbite  i*  attained,  vftpour*  ot  jtot 
ejum  b^in  t<»  appear,  and  bum  with  a  brilliant  Hmne : 
receiver  is  now  adjusted  to  the  iron  neck  of  the  n?ti»rt.  whi*? 
not  allowed  t«.)  priiject  more  than  a  nnarter  of  au  inch  througb 
iron  plate  which  forms  part  of  the  tront  wall,  c,  of  the  fnru< 
leet  tbe  tube  ^liould  l)ecome  obstructed  br  tiie  accumulation 
■olid  pcUiiSBium.  Should  any  obstruction  occur,  it  must  to 
movetl  b_v  thru-iting  in  an  iron  rod ;  if  this  fails,  the  lire  iiin**^ 
imnic«liatelv  withdrawn  ;  tbia  is  readily  effected  hv  renio\  iujT 
iSre-barii,  y,'  from  the  furnace,  'mxlti  XlbA  oixcc^i^Vvow  of  two  wl 
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ipport  the  retort ;  the  fuel  tliiis  falls  into  the  aj«hpit.  Tlie  ro 
iiver  is  kept  uool  by  the  application  of  a  wet  ciutU  upua  ild 
tenor.  Wlieii  the  operation  is  eomplete,  the  reeel\k-r  witli  tlie 
ittasMiiim  i.s  removed,  and  instantly  plunged  into  si  vi^ssel  of 
reetilied  Pei-aian  naphtha,  provided  with  u  cover.  The  vessel  la 
kei>t  oo'il  hy  immersion  in  water.  When  this  ai>piiriitUB  is 
6utli<'irntly  cold,  the  potassium  id  detached,  and  preserved  nnder 
naphtha. 

In  order  to  obtain  the  maximum  produce  of  potassium,  it  it 
Beesiiry  that  the  mixture  of  carbonate  of  pDtassium  and  carbon 
^■hould  contain  1  atom  of  the  carbonate  to  2  of  carbon,  or  13S 
parts  of  tlie  carbonate  by  weight  to  M  of  carbon.  Ui>on  the 
apitlication  of  heat  the  mixture  is  wholK'  converted  into  carbonic 
o.xkIc  and  potassium;  K,{:^,4-0,=K,  +  3  OO.  Tlie  charge 
iidually  yields  about  one-tourtli  of  it«i  weight  of  crude  ]Kitassium, 
6ome  loss  during  the  proccAi  being  inevitable.  Donny  and 
Marenka  found  this  loss  to  ainuunt  to  about  one-thii-d  of  the  entire 
quantity  of  tiie  metal  coutaineil  in  the  charga 

The  potassium  bo  obtained  is  not  pure ;  it  is  necei^3ary  to 
subject  it  Ut  a  8econ«l  distillation  in  an  iron  retort.  This  ]>i*ecaU' 
ti»>n  is  t^iftintird  ;  for,  if  it  be  neglected,  a  Ijlaek  detonating  com- 
pound  in  -speedily  formed  bv  exposure  to  the  atmosphere,  and  is 
even  {>n>dni-eil  6pontanoou!«lv.  altliough  the  metal  be  kept  under 
naphtha ;  this  subtanee  explo<les  \nnloiitiy  upon  the  tilightest 
friction.  The  purified  metal  amount.-*  to  about  twu-tliiiiU  of  the 
quantity  operated  on.  A  third  distillation  may  be  necessary  if 
the  potassium  be  required  in  a  state  of  perfect  purity.  A  little 
impure  potasaium  almost  always  remains  in  the  tulns  attached 
U»  the  retort ;  and  in  order  to  prevent  the  possibility  of  the  for- 
mation of  the  det4inating  compound  already  montione<l,  it  is  best 
detiich  this  tube  as  eoon  aa  it  ia  cold,  and  to  immerse  it  in 
rater. 

(-^fll)  Oxides  of  PoTAssruM. — -Pota-ssium  furiruj  tlii"ee  well- 
itAbtifibed  compounds  with  oxygen  :  a  protoxide,  which  consti- 
iLea  jjotash,  the  basis  of  the  salts  of  the  alkali ;  and  two  other 
sideu  which  do  not  form  corresponding  salts  with  acids.  A  blue 
Rutioxide  appears  also  to  be  fonnetlupon  the  surface  of  the  metal 
during  its  gradual  oxidation  in  dry  air. 


Potash K,e    =  94J. 

D«?uioiid«  of  potMsium  K.it»j  —  110-2 
Peroxide  of  potassium .  KjO,  =  U2'2 


If  O 

82-97  +  1103  =  100 

tO-OS  +  29-02  ~  100 

54-93  +  4507  =  100 


S^. 


Wraxitl4<iifI'ota»8luin(Vi.^t  —  142'2  ;  TIarcourt,  Q.  J.  Chem. 
XIV.  "i^ly — This  sub»tauoe  is  formed  when  potH.«6ium  is 
»jaie«l  gently  m  a  current  of  dry  air;  tlie  operation  mustiM?  com- 
eted  in  a  current  of  dry  oxygen  gas;  if  formed  at  a  tempera- 
vf  63<r,  it  slowly  cakes  together,  but  Itelow  that  temperature 
nishos  a  powder  of  a  clinjint^-yeltow  colour.  It  aljsoibg 
ujfnturo  rapidly  when  exposed  to  the  air,  and  is  decomposed  by 
nXiiT  with  extrication  of  o.xygen  and  formation  of  a  solutiou  of 
xido  of  poiassiiuu. 


(562)  Potash  (K,e  =  94-2,  or  KO  =  4T-1V— Tlii>;  nd 

can  bo  procured  lu  an  aiiJiydruus  foriu  by  oxidating  jiti  .    ui 

tliin  slices,  in  air  perfectly  free  from  moisture  and  carbonic  M\hy* 
dride  ;  or  liy  heating  potassium  with  an  f(|uivalent  quantity  of 
the  liv<lrtttt',  wljon  hydrogen  i8exi>elled  and  pure  potash  in  fomiod, 
2  Kile  +  K,  =  2  1iK0  +  II,.  It  is  white,  very  deliijn<>ic«;i»t, 
and  caustic;  when  moistened  witli  water  it  becomes  incandes- 
cent :  after  it  has  thus  become  liydrated,  no  degree  of  heut  is 
sufficient  to  expel  the  water.  Aidiydrous  p<.)tash  I'uscij  at  u  red 
heat,  and  i»  volatilized  at  a  high  temperature.  Vor  nioi^t  purpoeee 
the  prcdeiice  of  water  is  immaterial,  pota»sh  is  therefore  gcncrBlly 
procured  in  the  state  of  hydrate,  in  wliich  form  it  may  beobtiiined 
without  difficulty. 

IlydmU'uf  Potash,  or  Ca-a^e  Poimh  (KHe,or  KOJIO  = 
5C'l  ;  Sn.  Hr.  2"2)  is  prepared  liv  dissolving  carlxmate  of  i»otft8- 
sium,  ot  which  the  ■ptarhin)).  of  commerce  is  an  im)»urL'  variety, 
in  10  or  12  times  its  weight  of  water,  and  adding  to  the  boiling 
solution  a  quantity  of  caustic  lime  equal  inweigiit  to  half  the  cur- 
boiiatc  of  potassium  used ;  the  lime  should  be  slaked,  madein  to 
a  thin  juiste  with  water,  and  added  in  small  portions  at  H  tirn«^ 
so  that  the  liquid  may  be  maintained  at  the  boiling  jmint :  a  crys- 
talline caa-bonate  of  calcium  is  preciiiitated,  and  hydrate  of  j)ot- 
ash  remains  in  solution;  K,€?€),  +  €^aH,0,  giving  2  KlIO  -J- 
OaOO,.  After  decantation  from  the  precipitate  the  liquid  i» 
evajHjriited  rapidly  in  a  clean  iron  or  silver  basin,  till,  when  the 
beat  is  raised  nearly  to  redness,*  it  flows  without  ebullition,  liko 
oil :  it  is  then  either  cast  into  cylinders  in  a  metallic  mould,  or 
is  poiu'ed  upon  a  cold  stone  slab,  and  solidifies  on  cooling.  Ujr* 
drate  of  ])ota.sh  may  be  obtained  crystallized  in  acut«  rhomljo- 
hednais  (i\HO,  2  fi,0),  from  a  hot  concentrated  aqueous  solu- 
tion. 

Hydrate  of  potash  ia  one  of  the  most  indispensable  reagcnta 
to  the  chemist.  It  is  therefore  necessary  that  he  should  be  able 
readily  to  ascertain  it«  pmity,  and  if  needful  prepare  it  for  him- 
self: when  required  pure,  acid-carbonate  of  potassitnu,  in  crystal^ 
may  be  decomposed  in  the  manner  above  describetl  by  means  of 
limo  obtained  from  black  marble.  The  im])urities  which  t»ccur 
most  frequently  in  ordinary  caustic  potash  are  carbonat«.'S,  iml- 

()hates,  cblnn'dcs,  and  silicates  of  calcium,  aluminum,  iron,  and 
ead,  and  [wroxide  of  potfissium.  If  pure,  it  is  pcrfwtly  soluble 
in  water  wttliout  effervescence ;  a  diluted  solution  gives  nn  precipi- 
tate with  baryta-water,  showing  the  absence  of  ('arbomites  and 
sulphates  ;  it  yiebls  no  precipitate  with  oxalate  of  ammoniuio, 
showing  the  absence  of  salts  of  calcium.  On  neutralizing  it  with 
nitric  acid,  nitrate  of  silver  gives  no  precipitate,  shuwlng  the  ab- 
sence of  chlorine.  Freoilom  from  iron  or  metallic  impurities  is 
stiown  by  the  absence  of  any  preci]iitate  on  the  adilition  of  snU 

Elude  of  ammonium,  tiauatic  potash,  when  pure,  is  wholly  sola- 
le  in  alcohol,  the  impuritits  aViove  mentioned  rcmaiTiitig  uii<l>^ 
Bfdved.  Common  pota.><h  is  fi..'"*"'i<>  often  ]>urifie<l  by  fomiiiuf  ft 
fioJutJou  uf  it  in  alcohol,  amJ  l(;WQ  to  dt^iioes  In  a  aiivttff 
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it  flows  tnuiquilly;  tliu  alcohol  is  thns  esqielled,  the 
h^'drate  is  poured  utl'  u])o»  a  silver  plate  from  tlie  black 
«t  wliieh  forme  over  itji  surface,  and  when  cold  it  iu  broken  np 
1  t)lHCed  in  a  well-cliKied  bottle. 

Atlilute  solution  of  [»ure  potash  may  l>e  readily  obtained  bv 
dding  a  hot  eulution  of  hydrate  of  baryta  to  a  8i)lution  of  sul- 
Bte  of  )>ot<i*«ium,  until  the  liquid  gives  no  further  preeipitate, 
"i«r  with  baryta  or  with  the  sulphate  of  potassium;  K,SO,  -H 
T,e,=  BaSt^. +  2KHO. 

Hydrate  of  potash,  after  fusion,  is  a  hard,  greyish-white  sub- 
ce:  it  rapidly  absorbs  both  moistm-e  and  carbonic  anhydride 
om  the  air;  it  is  soluble  in  about  half  its  weight  of  water,  with 
!  extrication  of  considerable  lieat ;  it  is  likewise  soluble  in  alco- 
hol t<j  au  almost  equal  extent.     Hydrate  of  potash  has  a  peculiar 
nauieous  odour,  and  an  acrid  taste ;  it  is  a  powerful  cantery,  and 
quickly  destroys  both   animal  and  vegetable  matters;  Ibr  this 
|WR8on  its  solution  cannot  be  tiltered  except  tlinnigh  poundc<i  glass 
'mid,  and  is  always  best  clarified  by  alltiwiug  the  impurities  to 
'  dde,  and  then  decanting  the  clear  li<juid.     Thesolufiuu  should 
TCserved  in  glass  bottles  intu  the  eomjiositiou  of  which  no  ttxide 
f lead  enters,  as  the  solution  gradually  dissolves  this  oxide  out  of 
lie(;las8.     It  also  attacks  vessels  even  of  green  glass  andof  jxirce- 
Iftin  when  heated  in  them. 

The  following  table  gives  appro.xiniatively  the  projMutiou  of 
Qhydrous  potash  contained  in  luu  parts  by  weight  of  solutions  of 
[tlie  alkoU  of  various  densities : — 

Strength  of  Solutions  of  Potash  {Dalton). 


1  Bp.gr. 

K.e  in  100 
parts. 

Sp.  gr. 

K,e  in  100 
parts. 

1'60 

467 

1-33 

26-3 

1-52 

42-9 

1'28 

23-4 

1-47   

.^ft-6 

1-23 

19-5 

Ii4 

3(>-8 

119 

16  2 

142    

344 

115 

13-0 

1-39 

33'4 

Ill 

9-5 

136     ... 

ag-i 

1-06 

47 

"            1 

Tlie  Liquor  Pot/rsfxe  of  the  Pharmacopoeia  contains  nearly  6 
1*1"  cent,  of  the  solid  hydrate,  and  has  a  sp.  gr.  of  1-058.  I'he 
jConoeat rated  8<jlution  ui<ed  for  <jrgauic  analysis  may  be  obtained 
n  dissolving  1  part  of  the  hydrate  in  3  parts  of  water. 

At  a  higli  temperature  hydrate  of  potash  is  wholly  volatilized  ; 
Consequently  the  water  cannot  be  expelled  from  this  liydrate  by 
tlip  mere  application  of  heat.  Its  chemical  attractions  are  so  pow- 
^'■fiil  that  few  vessels  are  found  capable  of  resisting  its  action; 
which  contain  silica  are  decomposed  by  it,  and  platinum 
'■-'.■1  Li  oxidized  when  heated  in  contact  with  it:  gold  and  silver 
'^ist  it  better.  Caustic  potash  decomposes  the  fixed  oils,  and 
converts  them  into  aolable  soaps :  when  fused  with  fti^teoAia  toixi 
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erals  it  displncoe  the  basoH,  ami  combiner  with  the  silioa,  fi»r 
»ilif«ti'  «>f  p'ttHHsiiirn.  Pot/iiih  is  extensively  emjiloyc'il  in  the 
to  the  B»ta|>-bc>iler  and  the  ^lti;st-iiniker  it  is  iiidif.i>eii(»Hl»Ie;  in 
biiiatitiu  in  tlie  tbrin  of  nitre,  it  outers  largely  nito  tlie  manufatf* 
tiire  of  gun^iowder;  aiid  in  greater  or  less  quantity  it  furnifelius 
important  aids  to  a  variety  of  processes  employed  in  tJic  manufao* 
turcs  of  the  country.  In  the  laboratory,  potiush  is  in  constant  omi 
for  absorbinj;  acid  gases,  such  as  carbonic  acid,  and  for 
the  metallic  oxides  from  solutions  of  their  salts,  since,  < 
powerful  attraction  of  the  alkali  for  acids,  it  readily  -ea 

the  salts  of  all  tlie  metals   which  produce   oxides  ii  in 

water. 

Potash  is  present  in  small  proportion  in  all  fertile  soils,  tho 
grand  reservoirs  of  this  alkali  being  the  different  varieties  of  olny, 
which  contain  2  or  3  per  cent,  of  it,  derived  from  the  dlsmtegrar 
tion  of  fels])ar,  in  which  it  exists  in  the  proportion  of  ffimi  )o  to 
12  i>er  cent.,  and  certain  kinds  of  mica,  which  y 
cent.  i>y  exposure  to  the  air  and  atmospheric  vi. 
rocks  become  gradually  disintegrated;  their  soiubh!  constitnent*. 
potash  amongst  the  number,  are  taken  up  by  the  water  whicli  fnll* 
upon  the  earth's  surface,  and  are  assimilated  by  the  plnni>s>  wUicii 
spring  from  its  bosom;  they  accumulate  it,  especially  in  tlrtjlcaviw, 

J'oung  sluxits,  and  succulent  parts,  Owing  to  this  circmnsfnnett. 
aj'ge  ijuantities  of  potash  may  be  obtained  with  facility  :  drieJ 
brushwood  is  incinerated,  and  the  remaining  ash,  which  wldorn 
constitutes  more  than  1  per  cent,  of  the  dry  W(nm1,  ct»iiluin*  the 
potash  in  the  form  of  carbonate:  the  salt  is  extracted  l>y  water 
trom  the  insolultio  portions.  M.  Mcrlo  now  extract*  considcr- 
alde  (juantities  of  chloride  of  potassium  from  the  mother-li«|aor9  ' 
of  sea-water  b^'  a  modilication  of  the  method  of  Balard  {n<4e^ 
p.  355).* 

(503)  SrrPHiDEs  of  FoxASsirM. — Potassium  takes  Are  readily  ' 
and  bums  with  brilliancy  when  heated  in  the  vajxiur  of  sulphui*. 
It  combines  with  this  element  in  not  less  than  4  and  possiluy  in 
5  ditt'erent  proportions,  K,9  I,  K,S„  K,S    K,S.,  arul  K,S,.     Owin^ 
to  this  cii-cumstance,  the  reactions  wbicn  occur  when  sulpbar  u 


*  Much  potasli  accumulat«8  as  an  or^njc  salt  in  the  Amm  ftf  th*  ibMp  n4  >• 
wasted.  Muumene  and  Roifclct  collei-leii  this  potaah  salt  by  Bimply  wuhlng  aiid«T»> 
ponitiug  tlu?  wash  wator.  A  flv«cc  weifrliiug  9  lb.  contains  about  7  (MIhism  of  pan 
potash,  of  which  they  consider  nearly  6  is  recoverable.  A  good  dcul  of  the  potash 
which  is  carried  off  the  land  cultivnted  for  beet-root  is  oow  recovered  by  snitiifeto 
treatnv&ut  of  the  waiito  after  the  augi^r  liM  lioen  extracted. 

MesBrp.  Ward  A  Wynaata  havo  reocntly  oootrived  a  method  of  extrscttriK  iiotjiitli 
from  felspar  in  the  form  of  carbonated  or  of  caustic  alkali,  which,  if  omr. 
cvsaful,  vrilt  materially  alter  tho  source  of  siipply  of  thii  alkali.     In   i 
felspar  is  ground  to  a  dne  povrdor  and  mixed  vrith  a  sulLublo  qilnniM  v  ■  > 
lime,  and  tliior-.'tpur.     The  matoriola  are  fritted  in  a  furnace,  at  u 
to  fuse  silver,  the  mixtnre  not  being  allowed  ronlly  to  milt.     V 
tiou  evolves  carbonic  anhydride;  it  thus  n 
masa,  und  facililatefl  the  extraction  of  tin 

ihtHJ  Hi!    ■    '     '  '    r        '  '  ' 
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hI  with  caustic  or  ciirhtmated  potash  are  soniewhat  coninli- 

l;  liut  tliev  ure  now  well  uiidtTttood,  and  may  be  traced  with- 

Bulty. 

mlphideof  Piifamium  (K,S,  or  KB). — Some  donbt  exists 

the  posi(>il>ilitj  of  forinint;  lliiH  componnd.     Tlie  usual  direo- 

larc  to  heat  sulphate  of  ])ota«i>.iuiTi  in  a  currest  of  dry  hvdi'O- 

or  to  mix  the  sulphate   intimately  with   finely  ]xiw(lered 

»al  and  i^ite  in  covered  vessels*.     Bauer,  however  {C'hcm. 

1858,  4t)ti),  finds  that  the  result  is  not  that  usually  repre- 

d  by  the  equation,  K,S0,  +  4II,=K,S-|-4U,O,  but  that  a 

tuTQ  of  free  alkali  and  a  variable  amount  i»f  one  of  the  hii;lier 

pbides  of  potassium  is  the  result.     The  residue  obtained  h;w  a 

^i*h-yellow  colour;    it  ia  deliiiuescent,  and   acts  powerfully 

the  skin  as  a  caustic.     When  a  current  <tf  sulphuretted 

xtgen  is  transmitted  through  a  solution  of  caustic  potash  it  ia 

npiJIy  absorbed;  and  if  the  ^as  l>e  allowed  to  pass  till  the  liquid 

letelv  saturated,  the  compound  KHS  will  Ite  fibtaiia'd  in 

This  solution  is  colourless  when  tirst  prepared,  but  if 

to  the  air  it  quickly  absorbtsoxycen,  and  a<'<piireH  a  yellow 

iwinfij  to  the  formation  of  bisulphide  of  potassium  ;  4  KlIS 

tt^,=2  IC,S,-|-2  ir,0.     It  is  usually  t^tated,  and  pro1>a.bly  with 

truili,  that  if  a  solution  of  potash  l>e  divided  into  two  equal  por- 

tionAand  one  be  converted  into  the  sulphide  of  potassium  and 

1.  I.   ,  ,,j  (^ifllg^^  and  be  then  mixed  with  the  other  half  of  the 

<if  pota»ih,  a  solution  of  pure  ]l^oto^ulphide  will  l>e  obtained, 

ixu^irKIiO  becoming  K,S-f-n,0.     It  is  jM>ssible,  however,  tliat 

till*  i-  not  so  ;  but  that  both  the  caustic  ana  potash  and  the  dtnible 

remain  unaltered  in  the  liquid.     On  the  addition  of  a 

.   ■  acid,  salphiirette<l  hydrogen  is  given  ott'  al>un<lantly  ;  and 

this  would  occur  whichever  view  were  correct,  no  suhihur  Iiein;; 

■•"xwited  ;   for  K,!=i + Il^SO. = II^S  4-  K,Se.,  and  KU6  +  K  HO  -f 

3o,=H,S4-ii,e+K,se,. 

[If  Bidpimte  of  i>ota<wiura  be  mixed  in  fine  powder  with  half  its 

gilt  of  lampblack,  and  heated  in  a  covered  crucible,  the  sulphate 

Inced  to  sulphide  of  potaasiiun,  wliicli  remains  in  a  finely 

ded  state  mixed  with  the  excess  of  charcoal,  and  yields  a /iy/v>- 

r'w,  or  compound  which  takes  tire  spontaneously  in  the  air, 

to  the  lieat  emitted  by  its  rapid  absorption  of  oxygen. 

le  bifttfjt/iuU  (K,S„  or  KS,)  may  be  tJurmed  by  exp(>sing  an 

(>Hc  8«dution  of  KHS  to  the  air  till  it  begins  to  become  turbid, 

[  evaporating  to  dryneea  m  vacuo.     It  fiwe*  easily,  and  is  of  an 

nge  colour. 

[The  tersidpMde  (K,S„  or  KS,)  is  obtained  pure  by  passing  the 

Tiur  of  liiaulphide  of  carbctn  over  ignited  cari)ouate  ot  potassium 

[>iig  ■&&  any  gas  makes  its  escape ;  carlionic  anhydride  atid  oar- 

lic  oxide  are  produced  as  follows  :  2  K,60,-f-3  €S,='2  K,S,4- 

16-1-00,.     In  the  old  process  of  making  liver  of  milphnr,  H9 

PMts  of  dry  carbonate  of  potassium  are  fused  witii  40  parts  of 

^|©har;  the  resulting  yellowish-brown  mass  consist*  of  3  atoms 

^Rersnlphide  and  1  atom  of  sulphate  of  potassium  :  part  of  the 

^TWUttte  in  this  case  fields  oxygen  to  one  portion  of  the  sulyhur^ 
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Rnd  forms  Rulpliurio  ftcid,  as  shown  in  tlie  annexed  eqtiatiOll 

4  K.eo,+5  s,=K.se,+3  KA+4  eo,. 

A  iHrasiilphide  (K,^„  or  KS,)  may  be  formed  by  reducing 
siilplmte  of  pot»issiiim  by  the  vapt>ur  of  bLsnl].)hide  of  carbon. 

The penUijfHljiMde  (K,S„  or  KS,)  ie  formed  by  boiling  a  solo- 
tion  of  any  of  the  preceding  sulpliides  with  oxcefis  of  sulphur 
till  saturated  :  or  by  fusiuff  any  of  the  dry  siil]>hi(le8  with  an  cxces* 
of  Bulpliiu-;  the  excess  ot  sulphur  separates  and  floats  above  the 
sulphide,  which  has  a  dark  liver-brown  colour ;  it  is  deliquoKjeut, 
and  forms  a  deep  yellow  sulution  in  water. 

All  these  sulphides  have  an  alkaline  reaction  to  test-paper, 
and  an  lulour  of  sulphuretted  hydrogen  more  or  less  distinct.  On 
the  addition  of  a  stroutjer  acid  they  are  decomposed  with  extrica- 
tion of  sulphuretted  hydrogen,  attended,  in  the  case  of  all  bnt 
the  protosulphide,  by  the  jn-ecipitation  of  white,  fiiielv  divided 
sulphur.  On  adding  the  pcreulphide  to  an  excess  of  by «ir<»(rhloric 
aciu  of  sp.  gr.  about  I'l,  the  persulphido  of  hydrogen  (42'J)  is 
Benarated  ns  an  uily  liquid.  By  exposing  solutions  of  the  higher 
Bulphides  to  air,  they  become  colourless,  hyposulpliiteof  ]>ota*i8inm 
is  formed,  and  the  excess  of  sulphur  is  separated.  When  a  toln- 
tion  of  caustic  potash  is  boiled  with  sulnhur,  a  deoouipo*ition 
ensues  similar  to  that  which  occurs  when  nydrate  of  potaiili  and 
suljihur  are  fused  tocrethor;  a  deep  red^iish-yellow  liquid  is  formed, 
whielt  contains  liyposiilpbite  of  potsissiunj,  and  une  of  the  liigher 
sulphides  of  the  metal ;  <>  atoms  of  hydrate  of  potasli  and  VI  of 
6ul])lHir  would  thus  furnish  1  atom  of  hypusulplute  and  2  of  peuta- 
sulphidc   of  potiissium  ;    6  KHe-HCtJ,=  K.S.U.O, -i-2  K,S,-f 

2  ii,e. 

(564)  CHLORroE  OK  PoTAssruM  (KCl  =  74-6);  Sp.  Gr.  1*094 
(Filhol) :  Comp.  in  IQ^y  part^  ;  _K,  52-35  ;  CI,  47-(l5.— This  sail  iaj 
extracted  in  considerable  quantity  from  kdp.,  the  ashes  of  burti 
8ea-wecd,  and  is  used  largely  as  a  source  of  the  potai^h  requirwl 
in  the  mniiiifiuture  of  alum.  It  may  be  prej>ared  pure  by  directly 
neutralizing'  either  the  acid  or  the  normal  carlionate  of  ]i«>tassium 
with  hyilr<K!hloric  acid,  and  evaporating.  It  cr^'stallizes  u\  ctjbe«>, 
and  is  very  readily  stjhible  in  cold  water,  which  takee  u])  al>out  a 
third  of  its  weight,  attended  with  great  depression  of  temperatUTe., 
It  is  remarkable  tliat  tin's  salt  possesses  the  property  of  ft!  '  '  - 
the  vai Mini's  of  sulphuric  anhydride,  forming  a  hard  tra 
mass  (KOI.SO,),  wliich  is  instantly  decomjtoscd  liy  water.  \S  ill 
chromic  acid  it  fonns  a  corresi)onding  coraixiund  (KCl.f  M-»,>.  whjcli 
is  also  decomposed  by  water :  it  is  obtained  in  net  -i  a 

solution  of  aclil  chromate  of  potassium  in  hydrocli!  i  is 

allowtnl  to  crystallize. 

According  to  Bonsen,  a  blue  snbchloride  of  potaiseiaiQ 
exists. 

A  native  compound  of  chloride  of  potas-sium  and  magncsinni' 
has  recently  l»een  discovered  in  a  bed  of  clay  in  the  neiirliboar 
hoo<l  <.>f  Stsussfurt,  near  Magdeburg,  which  is  immed' 
a  l>ed  of  rock-&alt,  100  feet  in  thickness.     This  is  j- 
position  which  it  would  occupy,  stipjiosing  th«  dopotsit  to  ha 
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ie<l  by  the  js^adiial  drying-aip  of  an  inland  sea,  where  the 
salt  wouhl  crystallize  out  first,  and  the  salts  of  inagrnesium 
DS!>iiun  atlerwards.  This  bed  of  clay  contains  the  sulphates 
Soriiles  of  potas:>ium  and  sodium,  and  mji^esium,  and  the 
er  part  of  tjie  deposit  consists  chiefly  of  a  hydrated  double 
oride  of  magnesium  and  potassium,  (KCl,  MgCl,,  6  H,0),  re- 
eling rock-salt  in  appeafanee,  but  with  a  more  pearly  lustre, 
Iti  extriMiiely  deliquescent.  It  has  been  worked  for  the  sake  of 
'  diloride  of  potassium,  wliich  amount.s  to  nearly  one-fourth  of 
i  weight. 

(.V»o)  Broscidk  of  Pcn-AssiuM  (KBr  =  119-l);  Sp.  Gr.  2(i72: 
np.  in.  loo  y>rtr/-»  ,•  K,  32"78  ;  Br,  67"22. — This  is  a  very  soluble 
ii,  which  crystallizes  in  cubes.  It  may  l)e  obtained  l)y  adding 
omine  to  a  solution  of  caustic  potash  until  the  liquid  acquires 
light  permanent  yellow  colour:  bromide  and  bromate  of  potas- 
iire  formed,  Ix>wig  dissolves  the  mixed  salts  in  water, 
-  the  bromate  by  a  current  of  sulphuretted  hydrogen, 
fly  to  expel  the  excess  of  the  gas,  filters  from  the 
Hnraitcd  sulphur,  and  evaporates  tilt  the  solution  crystallizes: 
irO,  -h  6  II,S= 2  K  Br  + 1!  11,0  +  :i  S,. 

Iodide  of  Potassium,  or  IIifdrioJatA  of  Potash  (KI  = 

W);  A>.  Qr.  3-U50:   Comp.  in  lOO' jtart^;  I,'76-5;  K,  23-5.— 

valaable  medicine  may  be  procured  in  several  ways.     A 

nple  method  consists  in  adding  iodine  to  a  solution  of  caustic 

otaiih  gently  warmed,  until  the  solution  begins  to  assume  a  brown 

Bt.    Iodide  and  if)date  of  potassium  are  formed;  3  I,-|-«>  KHO 

=5KI-f-KIO,-f3  II,0,     By  gentle  ignition  of  the  residue  ob- 

lined  on  evajxiration,  the  iodnte  is  decomposed,  and  the  remain- 

;  iodide  fuses.     The  salt  must  not  be  strongly  heated,  as  iodide 

_  potassium  ia  volatilized  by  a  red  heat.     A  better  plan  is  to 

ieest  2  ])arts  of  iodine  and  1  part  of  iron,  in  a  stoppered  vessel, 

hth  10  parts  of  water,  the  iron  being  purposely  added  in  excess; 

Tiller  the^. circumstances  iodide  ot  iron  is  formed  by  the  direct 

iliou  of  the  metal  with  the  iodine  ;  t!ie  solution  is  decanted,  and 

I  quantity  of  iotline  equal  to  one-third  of  that  which  it  already 

"titains  IS  added.     The  liquid  is  then  boiled,  and  a  solution  of 

rboiiat«  of  potassium  is  added  in  small  quantities  so  long  as 

lervescence  i*  produced  and  a  precipitate  occurs  ;  the  solution  is 

Kl  filtered  from  the  dense  magnetic  oxide  of  iron,  and  on  evapo- 

ition  it  yields  crvstals  of  iodide  of  potassium ;  Fe,  -f-  4 1, -f-  4  K,^?0, 

E8Ki+Pe.e.+4ee,. 

lolide  of  potassium  crystallizes  in  anliydrous  cubes,  which  in 

kdry  air  are  not  deliquescent.     It  is  very  soluble  in  water,  and 

I  a  smaller  extent  in  alcohol;  it  has  a  cooling,  bitterish  taste. 

isolation  has  the  property  of  dissolving  an  additional  equivalent 

If  iodine,  with  which  it  forms  a  deep  brown  liquid. 

Iodide  of  pota^ium,  if  pure,  should  be  completely  soluble  in 
;  times  its  weight  of  alcohol  (sp.  gr.  0'83)j  it  should  not  effer- 
when  moistened  with  hydrochloric  acid  (carbonate  of  potaa- 
110  woidd  be  indicated  by  effervescence),  and  it  should  not  turn 
owu  by  the  action  of  the  acid ;  if  iodate  of  potassium  were  mixed 

22 
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with  it  free  iodine  would  be  shown  bj  the  brown  colour  devel<ip« 
on  BddinfT  tlie  acid. 

(5<>7)  Flvoride  of  P«yTAi;sirM  (KF=5S'l ;  Sp.  Or:  2'454j  i« 
very  deliquescent  salt  obtained  by  neutralizing  hvdroflniiric  aci( 
with  a  solution  of  caustic  potash.     It«  golutiou  liaa  an  alkslia 
reaction  and  corrt»des  glass. 

(568)  SiLicoFi.roRmE  ok  Potassitm  (2  KF,SiF,  =  220,  i 
KF,SiF,=nO). — This  salt  is  one  of  the  most  insoluble  com|ioim( 
of  potassium  ;  it  falls  as;  a  transparent  gelatinous  precipitate  wlie 
ever  hydrosilicofluoric  acid  is  added  to  a  salt  of  potassium :  it  drii 
to  a  white  earthv-looking  powder.  Advantage  is  occasionallj 
taken  of  it«  insolubility  to  separate  potassium  from  some  of  ii 
salts:  in  this  way  chloric  acid  is  sometimes  prepared  from  chloratt 
of  potassium. 

(569)  Sulphate  of  Potabbtum  (K,Se,=174,  or  lvO,SO,=8r) 
Sp.  Gr.  2-64;  Compositmi  in  100  jnirt^,  K,0,54-O2;  SO,, 45-98.- 
Tliie  Bait  crystallizes  either  in  anhydrous  six-eided  prisms,  termi 
nating  in  six-sided  pyramids,  or  in  four-sided  oblinue  rhoinbi( 
pristua ;  it  retpiires  about  16  part.s  of  cold  water  for  soiution.  Thi 
crystals  doerei>itate  strongly  when  heated.  Sulphate  of  potaBsimu 
forms  a  series  of  d(niblo  salts  with  sulphates  of  the  metals  isomor- 
phous  with  magnesium,  and  another  class  of  salts  (the  varietits  of 
alum)  with  the  sulpliates  of  the  metals  isomorphous  with  .alnmi 
num.  Jacquelain  finds  that  if  normal  sulphate  of  potassium  bo 
dissolved  in  nitri(!  acid,  a  little  nitre  and  acitl  sulphate  of  potaaunilli 
are  formed,  whilst  a  salt  consisting  of  (IINO„K,S0,)  crystallised 
in  obi  if  pie  prisms.  An  analogous  compound  may  be  formeil  with 
phosphoric  acid  (n,PO„K,SO,). 

Acn>  Sulphate,  or  Bisulpuate  of  Potasshtm  ;  KHSO,=136;j 
•S^.  Gr.  2'4:75. — This  salt  is  fonncd  on  a  large  scale  as.  a  residnarj 

in'odnct  in  the  preparation  of  nitric  acid  from  nitrate  of  potassiaio 
't  crystallizes  from  a  strongly  acid  solution  in  rhonilMiidal  table 
which  fuse  at  a  heat  below  redness,  and  by  prolonged  ignitic 
lose  half  their  acid  ;  they  are  very  soluble  in  water  and  have  a  soi 
bitterish  taste.  If  redissolved  in  water,  the  nf>nnal  sulphate  crj 
tallizes  fii"st,  and  afterwards,  Avhen  the  liquid  has  become  strong 
acid,  the  bisulphate  is  deposited.  This  salt  is  sonu^tirnes  used 
a  flux  in  cases  where  the  action  of  an  aciil  is  require<l  at  a  hi; 
teraperatm-e  upon  salts  or  metallic  oxides  with  which  it  may  I 
fused.  The  bisulphate  occasionally  crystallizes  in  anhT(Iro| 
needles,  K^Se.SO.. 

(570)  Xn-RATE  OF  Potasbittm  (KNO,,  or  KO,XO,=101); 
Gr.  2-070 ;  Corfijy.  in  100 j)arf<f;  K.O.  ^''"-''-^ :  ^\A.  '^^-^C^.-Sd 
petre,  or  JVitrr  as  this  salt  is  frequently  termed,  is  one  of  the  m^ 
important  and  valuable  salts  of  potassium.  The  princij>nl  sunp 
of  nitre  is  derived  from  various  <listricts  in  the  East  Indii-s,  wli 
it  occuTB  sometimes  as  an  efflorescence  upon  the  soil,  at  other  tim 
disseminated  through  the  superficial  stratum  itself.  It  appears 
be  fonued  in  the  moist  portions  of  the  soil,  at  some  little  oij^tan 
below  the  surface,  towards  which  it  is  raised  by  capillary  acti 
The  nitre  is  obtained  by  Uxivvatmg  the  Boil,  and  al'owing  the  sol 
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fto  crvatallize.     The  earth  which  furnishes  it  consiste  princi- 
of  f(>o6P,  iwrous  carbonate  of  caloiuin,  mixed  with  decom- 
lo;  felspar,  and  it  ahvays  contains  mure  or  lesvS  of  organic  mat- 
In  temperate  climates,  both  nitrites  and  nitrates  arc  almost 
pays  found  in  tlic  ^iiallow  wfll-waterfl  of  towns,  owin^  to  the 
"Isition  of  nitroj^eu  Contained  in  the  auinui]  dUfris  durini^  their 
ItratioD  tliTOHith  the  soil.     Notwithstanding  the  investigations 
Davy,  of  Kiihhnann,  of  Schonbein,  and  of  othei-s,  the  pro- 
of nitritication  id  still   very  imperfectly  understood.     The 
Scial  tctrmation  of  nitre  lias,  however,  been  practised  with 
Bidorable  success  in  various  countries  of  Eurojte,  whicli  furnish 
iw«lly  a  hw^Kn  amount  of  the  salt.     In  SwcmIch  tlii*  sujiply  of 
is  considered  of  such  importance  that  each  landed  proprietor 
bli|fed  to  pay  a  certain  tax  in  raw  nitre,  the  rjnantily  required 
Bu;  proportioned  to  the  value  of  the  estate  (Berzelius). 
I  n here  animal  iiuittei-s  are  present  in  abundance,  the  formation 
nitric  acid  is  chiefly  due  to  the  gradual  oxidation  of  ammonia 
eloped  in  the  process  of  putrefaction.     Tlie  presence  of  a  cer- 
amnnnt  of  moistm-e  is  necessary,  and  the  oxidation  is  materi- 
frtvoured  by  an  excess  of  carbonate  of  potassium,  of  lin»e,  or 
[iiome  basic  substance  which  can  combine  with  the  acid  at  the 
aent  of  its  generation.     Ozone  appears  to  have  the  power  of 
jibiuing  directly  with  nitrof'en;  it  may  possibly,  as  Sf^honbein 
fcectures,  be  concerned  in  the  natural  production  of  nitric  acid, 
M  indeed  it  is  not  improbable  that  nitrification  is,  in  f;i.vonral)le 
fitjes,  due  to  the  slow  combination  of  atmospheric  nitrogen  and 
The  process  of  nitriticatiou   becomes  arrested  if  the 
itnre  be  allowed  to  fall  much  below  fiO". 
yitre  Plantfithn^. — The  method  adopted  in  the  artificial  pro 
ilnction  of  nitre  consists  in  placing  animal  matters,  miiiirlcd  with 
*m»  and  lime  rubbish,  in  loosely  aggregated  heaps,  exjinse*!  to 
ibe  sir,  but  sheltered  from  rain.     These  heaps  are  watered  fron» 
tjmeto  time  with  urine  or  stable  runnings  ;  at  suitable  intervals? 
I  earth  is  lixiviated,  and  tlie  salt  crystallized.     Throe  years  usu- 
elapse  before  the  nitre  bod  is  washed:    after  this  interval  a 
bic  foot  of  the  debris  should  yield  between  4  and  5  onnues  of 
Qitrc.    As  there  is  always  a  cnnsiderable  (jnantity  of  the  nitrates 
[calcium  and  magnesium  present,  which  will  not  crystallize, 
rlxinate  of  potiissium,  in  the  shape  of  wood  ashes,  is  added  so 
Ii">nira3  any  precipitate  occurs.     liy  this  means  the  nitrate  of  cal- 
ls decomposed,  and  the  insoluble  carbonate  of  calcium  sepa- 
The  clear  liquor  is  then  evaporated  and  crystallized.     It 
rmnd  by  the  saltpetre-boiler  that  the  earth  in  which  intre  has 
lieen  formed  furnishes  fresh  nitre  more  readily  tlian  on  the 
i  wciifiion.     Care  is  taken  that  tlie  nifre  phtntalionx.  as  they 
termed,  shixU  rest  upon  an  impervious  flooring  of  clay,  so 
t  the  liquid  which  drains  away  Irom  them  may  be  collected 
flpreserved. 

Tn  Pnissift,  by  n  more  methodical  treatment,  a  cubic  foot  of  the 

ill  yields  about  20  ounces  of  niti'e.     The  heaps  are  so  construct- 

Uo  foi-m  a  rvrnicc  of  stepi,  e.vj>osiiig  t!ie  back  m  t\\cijv\\\o\ 
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fin  npriglit  wall  to  the  prevailing  wind ;  the  watfrin-r  is  thnal 
UiLoiI,  wLile  tlie  evaporation  proceeds  with  rapidity  upon' 
exposed  side,  and  here,  frotn  capillar)'  action,  the  nitre  chi^-'iiy 
aecuinulatea:  from  time  to  time  a  layer  of  eailh  i«  n*njoved  fron 
this  wail  for  lixiviation,  and  the  waslied  earth,  mixed  with  afre=l 
portion  of  animal  matter,  ia  returned  systematic-Ally  to  t1 
side  of  the  heap.  The  washing  of  the  earth  eliarged  v 
jietre  is  conducted  in  a  BVfttematic  manner  (5S9),  so  as  to  avoid 
using  a  larger  quantity  of  water  than  is  actually  needled  to  dis- 
>>()lve  the  saltpetre. 

Besides  the  natural  and  artificial  sources  of  nitre  joft  de6crilt»>d, 
this  salt  occurs  also  in  solution  in  the  sapof  certain  plants, ani"ii^ 
which  the  (-uiidower,  the  tobacco  plant,  and  common  horage  mar 
he  enmnerated. 

Properties. — Nitre  usually  crA'stalHzcs  in  long  six-sided  stri- 
ated prisms,  tenninated  liy  ddiedral  summits ;  hut  it  is  a  dimor- 
phous salt,  and  is  occasionally  ohtained  by  spontane(tns  era[)orV 
ation  of  small  drops  of  its  solution  in  microscopic  rhomboheilra,! 
isomorphous  with  those  of  nitrate  of  sodium ;  it  is  soluble  in  'i\ 
times  its  weight  of  cold  water,  and  in  about  a  third  of  its  weigh! ' 
of  boiling  water ;  it  is  insoluble  in  alcohol:  its  taste  is  coulnif 
and  saline.     If  paper  bo  dipped  in  a  solution  of  nitre  and  dric 
it  forms  what  is  well  known  as  tofic/t-jmj»^r,  which,  wlu-n  un< 
kindled,  etoaxJily  smouldei**  away  till  coii«niiied,  and  hence  it  il 
largely  employed  in  tiring  trains  of  ]»owder,  tircworks,  d'c.     Nit 
fuses  easily  without  decomposition  at  a  tem[>fratnre  uf  «>4S%  an< 
when  cixst  into  moulds,  solidities  to  n  white,  tibrous,  traT'-'n. 
radiated  muss,  known  as  sal  pruneU-e.     Witen  heated  te 
]>art  of  its  oxygen  is  ex^^ellcd,  and  a  deli(}nesc.cnt  mas«  ^•'. 
of  [H)tassium  is  formed.     By  a  still  stronger  heat  the  nitr 
composed,  nitrogen  mixed  with  oxygen  escajxjs,  and  a  tnuiufy*>t 
potash  and  peroxide  of  potar>>inm  remains. 

Owing  to  the  facility  with  which  nitre  parts  with  oxvffen,  i| 
is  a  powerful  oxidating  agent,  and  is  in  frequent  <icmiiiid  m  tltf 
laboratory  for  this  purpose:  when  thrown  upon  glowing  coala  if 
produces  a  brisk  scintillation.  ]f  nitre  be  intimately  mixed  wit*" 
any  metallic  sulphide  in  fine  powder,  such  »*  »«»dplii<lo  uf  luoti^ 
mony,  and  thrown,  in  small  qnantitios  at  a  lime,  into  a 
crucible,  the  sulphur  burns  with  a  brisk  dtjfugration,,  or  rapid  ( 
bustion,  at  the  expense  of  the  oxygen  of  the  tiitro,  and  w| 
portion  of  its  pc»tassiom,  fijmis  sulphate  of  iKttassium,  whilst 
metal  at  the  same  time  becomes  oxidized  to  the  muxiinnm.  Ta 
the  case  of  antimony,  the  oxide  prodnce<I  possesstw  acid  vhanu^t 
and  it  also  entei-s  into  cond)ination  with  tho  potassium.  Adv«r 
tiigc  is  frcqviently  tnkcn  of  this  oxidizing  action  of  nilre  in  i»n1* 
to  convert  small  <|ii!intilies  of  siilpliiir  in  liodies  of  orpaiiic 
into  siilphuric  acid,  for  the  purjXMJc  «*f  esliinatuig  tli' 
of  sulphur  which  they  contain.  The  quantity  of  sn 
thus  produced,  admits  (if  easy  and  accm-ate  deterniinatmn  in 
fonn  of  sulnhate  of  barium. 

(571)  Ji<^nin^  of  SaUjietre.  —  The  impuriti,^*  of  moAt 
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flit  ix'C'urrenct'  iu  nitre  are  sulpLates  and  (rhlorides  of  potassium 


xli 


and  nitrate's  of  calc 


ind 


after  it  lias 


beii 


niaifnesium :    

fttsed,  unless  the  heat  has  been  eautioasly  regulated,  a  little 
ite  of  potassium  is  liable  to  be  lurmed  ;  in  the  latter  easie  a 
_  lent  of  the  salt,  when  moistened  vith  solution  of  sulphate 
[copper,  becomes  of  a  bright  greeii  c(»lour.  Nitre  may  be  quickly 
prived  of  chlorine  bv  moisteniug  the  powdered  salt  with  pure 
ric  acid  and  gently  heating  it,  until  a  portion  of  it,  when  dis- 
in  water,  gives  no  precipitate  with  nitrate  of  silver.  Nitre, 
pure,  id  not  deliquescent,  and  its  solution  gives  no  precipi- 
I  with  solutions  of  chloride  of  barium,  of  nitrate  of  silver,  or 
'  ciirbonale  of  potassium. 
In  the  refining  of  nitre,  advantage  is  taken  of  the  circumstance 
whilst  the  solubility  of  nitrate  of  potassium  increases  rapid- 
the  temperature  rises,  that  of  the  chloride  of  Bodlum  is 
ely  affected  by  it.  It  was  formerly  the  practice  to  purify 
be  salt  by  three  successive  crystallizations  ;  but  the  same  object 
|liow  effected  by  a  siiigle  operation,  in  the  following  manner  : — In 
'  «p  copper  boiler,  almut  50  gallons,  or  500  lb.,  of  water  is  plaee<l, 
i  twice  itd  weight  of  crude  nitre  is  added  :  this  salt  gradually 
omes  dissolvecl,  and  frcbli  nitre  is  added,  until,  when  the  water 
mttaincd  the  boiling-ptiint,  a  ipiautity  of  nitre  has  been  added 
to  three  times  the  weight  of  the  water  employed  ;*  when 
lie  liquid  has  been  rendered  clear  by  a  few  minutes'  ebullition,  it 
litmiued  through  bag  filters,  and  allowed  to  run  into  the  crys- 
Jlizing  pan. 
The  crystallization  is  effectetl  in  a  shallow  vessel,  the  bottom 
wliich  is  formed  by  two  inclined  nlanes  which  meet  in  the 
liiMIe.  In  this  vessel  the  sdlution  is  Kept  in  continual  agitation, 
I  order  to  prevent  the  formation  of  large  crystals :  such  crystals 
mechanically  retain  the  Tnother-liquor,  from  which  they 
Od  not  be  subsequently  treed  without  reerystallization.  The 
Woride  of  sodium,  Ijciiig  nuariy  as  sultihle  in  cold  water  as  in 
lift,  remains  ahnost  entirely  in  the  suhitiun,  whilst  the  saltpetre 
is  deposited  in  extremely  smrdl  crystals,  technically  termed  ^ali- 
Ire  jlour  ;  these  are  aUowed  to  drain,  ami  are  then  removed  to 
iiks  jirovided  with  false  perforated  lKitt(Hns,  where  they  are  de- 
^Ti-d  ..if  the  mother-liquor  with  which  they  are  saturated.  For 
'  I  parpose,  tlie  tanks  are  completely  tilled  with  the  crystals, 
upon  them  is  poui-ed  a  solution  of  saltpetre  saturated  in  the 
W<1;  tliis  liquid  dissolves  the  chlorides,  but  leaves  the  pure 
"  ate  of  potassium  undissolved.     In  the  course  of  a  fmw  hours, 

*  Tbe  qiiuDtitr  of  ohloridc  of  sodiiim  in  East  Indian  nitro  is  generally  small;  but 

>  the  ikrtiti(.nal  nitre  obtained  fVoin  Ibo  '  beds,'  it  ofteu  rises  to  a  Iot}^  amouiit :    in 

'"'i  I  case  the  liquid  ia  sVirnnied  from  time  to  time,  and  tbe  clilorido  of  sodium,  a 

ip»oportion  of  which  reianina  iiridisaolved,  is  removed  by  means  of  perforated 

;  u  soon  as  nitre  equal  to  about  5  tinies  tiko  n-eight  of  the  water  has  l)cen 

H  tlio  solution  is  diluu-d  witJi  iwii*  the  ciuimlity  of  wi>t<?r  nt  first  employed, 

*^  *Wch,  if  the  liquid  be  strongly  coloured,  1\  lb.  of  glue,  di«fiolvcd  id  hot  wiiter, 

imd  thoronghly  iiicorpor.ited  by  briskly  stirnug;  the  coajnilum  wliich  ia 

M  in  a  scum  to  the  surfaoe,  collecting  the  greater  part  of  the  organic  im- 

med  from  tbe  nitro  heap;  tliis  is  carefully  removed,  and  tlie  operation  ia 

I  ooatiiined  as  above  described. 
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the  liquid  is  drawn  off  and  the  tanks  are  then  filled  up  with  pure 
water;  tliis  become&  charged  with  nitre coulaiiung  tniiK^ot*  cbli»- 
rides, whilst  the  undissolved  ijuU  is  nlmost  cheiujcillv  jmro:  thi' 
solution  of  nitie  thus  obtained  serves  to  w»sh  a  fresh  portivni  «f 
the  ervbtals  ;  the  retined  saltpetre  is  then  dried,  and  is  tit  lor  as©. 
(stS)  GunpowdiT. — The  prineipal  cousuiuptiou  of  nilre  i»  in 
the  manufaeture  of  guniHiwder,  which  eonsists  of  an  iutitnate 
niecliauical  mixture  of  nitre,  sulphur,  and  charcoal,  in  pro- 
portions approaching  to  1  atom  of  eulphur,  2  of  nitre,  and  3  of 
charcoal : — 

In  KM  imnA. 
..   74-8 


Nitre 2  KNe,  =  202 


Sulphur  . . 
Charcoal. . 


6 


=    32 
=    36 

270 


.  110 
.   133 

lUO-0 


The  projwrtions  used  vary  a  little  indifl'erent  countries,  A8  will  be  I 
Been  from  tlie  following  table  : — 

ComposUion  of  G^njxneder  in  100  paria. 


Nilre 

Sulphur 

Cliarooal 

AtutrlkO, 

Pnmlan. 

SwadUi. 

ChloM. 

rrtnch. 

75 
10 
IS 

75-0 

n-& 

13-6 

75 

S 

16 

75-7 

90 

U-4 

is-o 

12S 
12-5 

7G1) 

tt-6 

135 

CI 
20 
1« 

Mniltct. 

MukeL 

Moiktt. 

Mukrt. 

&|i<ntlii«. 

BUatin^ 

An  excess  of  sulphur  is  carefully  avoided,  on  account  of  its  inju- 
rious action  upon  the  metal  of  the  gun.    The  gn?at  ex]il 
of  giitipowdtr  is  due  to  the  sudden  development  of  a  I:. 
of  ga.-^eouH  Iwidies,  ehietly  eonsi>tiiig  of  nitrogen  and    earbonio 
anhydride,  which,  at  the  ordinary  teiii|X'rature  of  the  air,  wouldj 
occupy  a  Btiacc  equal  to  about  3<)0  times  the  bulk  of  the  powdcrj 
used ;  but  Irom  the  inteuBc  heat  developed  at  the  moment  of  t!»e 
explosion,  the  dilatation  amounts  to  at  least  1500  times  the  volamfi 
of  the  gunpowder  employed.     Snp]K>i*ing  the  mixture  to  ln^  uiadol 
in  the  proportion  of  1  atom  of  sulphur,  2  atomis  t»f  nitre,  and  3  uj 
carbon,  the  reaction  is  often  approximatively  repreeented  thiui  :- 

S,  +  6  e  +  4  KNG,  =  6  ee,  +  2  N,  -I-  2  K.S. 

The  actual  results,  however,  cannot  readily  be  ropresenteii  liv  nnj 
simple  formula,  and  the  solitl  residue,  iuHtend  of  oon>iisti!ig  chiefly 
of  sulphide  of  pota-^isium,  contains  but  a  small  quimtily  of  ihu 
eid)>tuiu*o,  wliil.it  sulpliate  ajid  carbonate  «)f  potassium  are  found  ii 
abuudantre;  they  become  volatilized  by  the  heat  of  the  cxpKxsionJ 
and  constitute  the  white  smoke  obsi'rvcil  when  gun[Miwder  ii  tired/ 

•  In  biimiDp  gunpowiler  in  a  (x>pfM?r  lutxj  with  lh«  vi«w  of  (;<^I1' 
over  tnemiry,  ('liovryiil  found  a  sronll  prnpiTii'.n  nf"  nitrk'  (ni-li-.  nl' 
Mi'l  f»r  carburvtlctl  hrdrogca.  with  u  li; 
nUro^en  nnd  uarlx>nic  acid.     Ruiiscn  aii'l 
but  the  tcmpcruturu,  and  cooseijueotl;  also  Ulo  itiduiu  uf  iii<.'  oombu^iULiii  yvjv 
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luch  care  is  re<iuisite  in  the  Belectioa  of  the  mflteriiils  for  the 

mwiiilrtctiire  of  guiij>owiler.     The  cliareual  umst  be  biiriied  tho- 

roiiglily,  hut  not  at  too  high  a  leiiipcratnret  that  fi-om  the  willow, 

alder,  ur  )lti;rwij(n:l  is  pi-eteiTLHl  for  rlio  purpose,  dogwood  charcoal 

,  be'uig  eiiniltpyc'il   only  in   raakinj^  rincs   ]H:>\vder.     Tho  charcoal 

I  always  contains  a  notable  pnitxtriion  of  hydrogen  and  oxygen. 

I  IntliL'Guvenirnoiit  works  at  Walthimi  Abbey,  sulphur  is  never 

used  in  the  tstJite  of  flowers  of  anlphur  ;  in  thia  condition  it  is  pre- 

i  if!  this  KftiilnWd  action,  are  different  from  those  attending  the  firing  of  ordnance. 
judyi,  Itowe-vi^T  {PhiL  Mag.  Oct,  ISO),  hag  aupccedod  in  analj^in^;  tlte  gases  of 
topowilif  w:h!itli  had  bfcen  flred  in  conditions  dosoly  reiWinbliiig  ihcHiB  wMch  occur 
"o  »ctivc  art'illciy  proctiw.  For  this  purpoBU  he  etidoBcd  a  charge  of  powder  in  an 
bu)  njlinder  of  sn*>b  strength  thai  it  juBt  bunt  wli^ti  the  powder  was  fln.id  by  means 

^ilUrt  ektiriu  ^pafk.  This  cimrtccd  cylinder  was  Biispended  in  ii  hollow  spherical 
Inb,  from  \t]iwh  the  ait  was  oxiuiustcd  before  fljinf;.    After  the  oiplofioii  had  been 

eiKcd,  the  i^iciea  and  the  solid  residue  of  the  |HDwder  were  submitted  to  analysis 
imUt  obtained  weie  the  following:^ 


I .  Composihun  of  the  Pawder  usei. 

OrflM&nct 

intnite of potasBium. .... 73T8 

Bnlphur 1 2SI1 

{Carbon 10-881 

ifCl^'";;::;::::;::;;;:  Sll 

Ash oai 


13-39 


99-97 


Smull-kmii 
jHiWkkr. 
1T-15 
8-63 
11-78'] 


1-79  j 
0-28J 


6w«ui 


Nil 


'  30-&& 


2.  Ftodmif  of  Cembttslion  hy  tvmghi. 

Nitrogen 9-77' 

Car bouic  anhydride. ,..,,. .  IT'SB 

Carbouic  orLde 2'64 

Hydrogen , .  Oil 

gulph,  hydrog«n  ..,.., 027 

Marehgaa... .........    040, 

Sesquicarb.  ammonium    ..,,     2-68' 

Sulphate  potneaium 36*95 

Carbonite         "       19-40 


HypoBulphito  "       2'85 

Sulphide  "      0-11 

Charcoal    2-57 

Sulphur 4-69 

Loss 0-17 


69-25 


100-00 


10  0-06 


10-06 

21-79 

1-47 

0-14 
0  23 
0-49 
2G(J 
3G-17 
20-78 
1-71 
0-00 
2-60 
1-16 
0-68' 

100-00 


34-18 


U5-I4 


3.  Prodttcts  of  Combustion  by  volume  in  100  of  Gas. 


100-0 


35-331 

48-90 

5-18 

6-90 


0-G7  I 
3-O2J 


■100-0 


Wtrogen 37-58' 

Carbonic  anhydride 42-74 

Carbonic  oxide 10-19 

Hydrogen   -. 593 

Sulphuretted  hydrogen  0-86 

Marsh  gas 270  _ 

*  *»ese  gases  contained  a  sufficient  amount  of  carbonic  oxide,  and  of  hydrogen  and  its 
'impounds,  to  take  flre  on  the  application  of  a  lighted  match.  Tlie  formation  of  sca- 
jtVaicarbonate  of  hmmonium  and  of  carV>onate  of  potassium  in  such  large  proportion 
**  remarkable.  The  results  obtained  by  the  analysis  of  sporting  powder  by  Bunscn 
**id  SfAiixhTioS  (Poggend.  Annal.  cii.  321)  do  not  materially  differ  from  those  quoted 
J>J»Te,  but  are  slightly  modified  by  the  excess  of  nitre  used  in  the  preparation  0/ 
**n»  kind  rf  powder. 
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ferred  for  fireworks ;  but  distilled  Bulpbur,  reduced  to  a  fine  m 
by  grinding,  m  always  used  for  gunpowder.     Tbe  flowers  <4 
pnur  always  contain  Bulphuroud  acid,  wliich  becomes  s 
converted  into  sulphuric  acid  and  attracts  moisture.     Xitre 
tbe  i)urest  quality  is  alone   employed.     Tlieee   three  nui 
baNTtig  been  separately  ground  and  sifted,  are  mixed  in 
in  the  j)roper  proportions,  and  are  intimately  blended  in  a  revolt^ 
ing  dnuu;  tliey  are  then  made  into  a  stiff  jtnste  with  water,  and 
ground  for  some  hours  under  edge-stones  in   tlic  incorpvnitinf 
7/i,M  j  the  slightly  coherent  U)a86  thus  procured  is  broken  ap,  and 
spread,  in  layers  of  about  an  inch  in  thickness,  between  pltttesof 
giui-metal ;  it  is  then  subjected  to  the  action  of  a  hydraulic  ynu 
which  exerts  a  force  of  70  tons  upon  the  scpiare  f» 'ot :  » 
sonorous  mass,  termed  pre^s  cake,  is  thu.«  obtained  :  these  masKS, 
whilst  still  damp,  are  broken  into  small  fragments,  or  granulaiei^ 
by  submitting  them  to  the  action  of  toothed  rollers  in  a  luafhiM 
constructed  for  the  purpose.    The  grains  are  next  sorted  by  meass 
of  sieves  into  different  sizes,  after  which  they  are  thorouyhly  dried 
in  closets  heated  by  steam,  and,  finally,  are  ylaztd,  or  pt»litlie(l,  Ly 
placing  them  in  barrels  caused  to  revolve  about  39  times  b  t' 
minute.     Mining   powder  is  often  glazed  by  adding  powilered 
graphite  in  the  polit<hing  barrels  ;  this  operation  retju-ds  the  rats 
of  Ignition,  antl   diuiinishes   the    iiygi-oscopic   character  uf  tlit] 
powder.     A  cubic  f<j«>t  of  goitd  English  cannon  powder  wcielil' 
about  58  lb. ;  if  below  55  Ih.,  it  is  considered  unfit  for  use.    Tht 
heayier  the  powder  the  greater  is  its  explosive  power.     Twfll 
ounces  of  the  best  English  powder,  when  introduced  into  a  mortal 
of  8  inches  diameter,  set  at  an  angle  of  45°,  should  tbrow  a  OS-Ihi 
ghot  from  'JtjO  to  2S0  feet,  on  level  ground. 

Good  gunpowder  burns  rapidly  lu  the  open  air,  leaving  liltk 
residue,  not  blackening  ur  kindling  paper  upon  which  it  is  tired 
It  has  been  foiuid  that  a  ]>owerful  concussion  of  powder  betweea 
two  pieces  of  iron  will  fre<iuently  kindle  it,  and  if  the  powder  bl 
placed  ujK)n  lead,  or  even  upon  a  Iwiu-d,  it  may  be  exploded  W 
the  blow  of  a  leaden  bullet  tired  at  it.  The  temperature  at  wlufi| 
it  takes  fire  is  aboHt  480°. 

The  uliject  of  gnmulating  the  powder,  independently  of  i 
diminishing    its    teuik'Ufy  to    absorb  moisture,  is  to  favour 
rapidity  of  inflainutaUun.  liy  leaving  interstices  through  which 
Bame   is   enabled   to  penetrate  aud  euyeloj)e  each  grain.     Th^ 
ignition  of  the  wlicvle  charge  does  not  take  place  simultaneonar 
throughout,  nor  is  it  desirable  that  it  should  do  so,  otberwii 
sufficient  tune  would  not  be  given  to  allow  the  ball  to  receive 
full  advantage  of  the  expan.sive  force  of  the  air  generated ; 
rapid  an  action  wniikl  be  expended  upon  tlie  barrel  of  the  gal 
itself,  and  effects  would  be  jtioducfd  like  those  due  to  fulin] 
eating  mercury;   where  a  prolonged  heaving  force  is  required 
as  in  blasting  tor  milling  operations,  the  action  of  the  powder  f 
still  further  retarded  by  mixing  it  with  sawdust ;    the  powdl 
employed  for  tin's  purpose  usuaUy  contains  65  parts  of  nitre,  31 
oi  fiulphur,  aud  15  of  charcoal.     In  tbe  fom\ation  of  the  fi 
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lick  and  slow  match,  and  certain  kinds  of  fireworks,  gun 
ler  is  naiiigled  with  combustibles  in  various  proportions. 
The  analysis  of  gunpowder  is  easily  cff'eetoa  :  100  grains  of 
powder  for  examination  are  dried  over  sulphuric  acid  in 
the  loss  indicated  the  amount  of  moisture.  The  residue  is 
sted  in  water  and  washed  :  the  solution,  when  evaporated  in 
unnteqioised  capsule,  and  weighed,  furnishes  the  amount  of 
iind  other  saltjs.  Nitrate  of  barium,  when  addc'd  to  a 
Intiou  of  these  salts,  acidulated  with  nitric  acid,  will  yield  the 
iljilinric  acid  in  the  form  of  siilphiite  of  liarium  ;  and  nitrate  of 
when  added  to  the  liquid  filtered  from  the  sulphate  of 
"iuin,  will  give  tlie  data  for  ascertaining  the  amount  ot  chlorine 
the  precipitated  chloride  of  silver.  The  charcoal  and 
liur  are  contained  in  the  portion  which  did  not  dissolve  in 
Iter;  they  may  be  separated  by  means  of  bisulphide  of  carbou, 
l)y  the  usc  of  benzol  at  a  boiling  teniperatiu-e,  which  dissolves 
Bt  the  eul})hur,  and  loaves  it  in  the  crystalline  form  by  spon- 
lieoiis  cvaj-Miratitm,  whilst  the  charcoal  is  let\  undissolved  and 
»y  l»e  weighed. 

A  mixture  of  3  parts  of  nitre,  2  of  carbonate  of  potassium,  and 
Ipart  ofsuljihur,  ]>roduces  a  substance  known  ss,  pulvis  fvlmi- 
«,  which  when  heated  on  an  iron  shovel  until  fusion  takes 
explode*  suddenly  with  a  verv  loud  report. 

(573)  Nn-RrrE  of  Potassiuji  (K^IO,  or  KO,XO,)  is  a  white 
liydrons,  deliquescent  salt,  wliich  may  be  obtained  in  crystals. 

ay  be  procured  by  decomposing  nitre  by  fusion  at  a  red  heat, 
living  the  residue  in  water,  and  allowing  the  nitre  to  crystal- 
line out  of  the  deliquescent  nitrite,  which  may  be  obtained  by 
fiTa[«>ratnig  the  solution  to  dr^'uesB. 

(574)  Chloratk  of  Potassium  (KCIO,  or  KO,C10.=122-5) ; 
Gr.    1-989:    ComjMsition   in    \00  parts,   K,0,   38-36,    and 

l,'^,,  61-t>4. — One  mode  of  preparing  this  salt  has  already  been 

XplHined  (382).     It  may  be  more  ccoinuiiically  obtained  by  con- 

erting  milk  of  lime  into  a  n^ixture  of  chlorate  and  chloride  of 

ilcinm  by  transmitting  chloriin'  gas  in  e.xces.s ;  to  a  concentrated 

oiution  of  the  mixed  salts,  chlaride  of  potas^sium  is  then  added  in 

ke  proportion  of  74-5  parts  of  the  chloride  to  16S  parts  of  the 

lime  originally  employed.     The  chlorate  of  calcium  and 

Joride  of  potassium  decompose  each  other,  and  chlorate  of  po- 

and  chloride  of  calcium  arc  formed :  boiling  water  rlis- 

f)th  the  chlorate  of  pota.ssiuin  and  the  chloride  of  calcium. 

two  salts  are  easily  separated  by  crystnllization,  as  the  chlo- 

Pite  reriuires  lt>  parts  of  cold  water  for  s<;tlutian,  and  t!io  chloride 

1*  Soluble  to  almost  any  extent.     From  this  mixture  the  cnide 

tlJornte  is  deposited  iu  6-sidcd  prisms,  whicli,  on  being  redis- 

folved  iu  water,  are  crystallized  in  anhydrous  rhomboidal  pearly 

^*l>les;  it  has  a  cooling  ta.stc,  somewhat  analogous  to  thiit  of  nitre: 

I'Jii  parts  of  boiling  water  dissolve  (U-.Ti  of  the  salt.     When  heated 

tol)et\VL<en  700°  and  800°  the  .salt  melts,  and  at  a  higher  tcmpera- 

•uiv  is  decomposed,  fnrnisliing  oxygen  gas  of  great  purity,  and 

leavmg  cliloride  of  potassium  as  a  iixed  residue  beViind.      vTlveu 
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heated  to  redness,  100  parts  of  tho  salt  leave  W'Ti)  pan^  "T  d 
ride  ofpotat^imii,  and  yi>21  of  oxygcu  are  evolved.     Tint  rlilornte 
ie  a  more  powerful  oxidiziji^  lu^eut  than  nitrate  of  i  in  ;  and 

if  combustible  sulistiuicc'ji,  Bucli  as  sulphur  or  pill  >-  Ue  nilv. 

bed  with  it  foreibly,  the  combination  of  the  foinbuatilile  ttith 
oxygen,  accompanied  by  detonation,  ensues.  Chlorate  of  pota£- 
Biura  ia  principally  consumed  in  the  mannfactnre  of  lucift*r  i 
matches,  and  as  an  oxidizing  agent  in  certain  operation*  of  tbe 
calico-printer.  When  added  to  a  Bolution  acidulated  with  hydro- 
chloric acid,  it  ih  ollen  used  in  the  Ittborutory  as  an  oxidizing  »^-ut. 

The  friction  tubes  emphiyed  for  tiring  cannon  ai-e  charged 
with  a  mixture  of  2  jtarta  of  chlorate  of  potassium,  2of  BulpHidei 
of  antimony,  and  1  part  of  powdered  gliiss.  A  mixture  known 
under  the  name  of  lekite  t;unjuni}d<!-r,  consisting  of  chlorate  of 
potiUjsium,  dried  ferrocyanide  of  potuesium,  and  Bugar,  hart  B«^»m«»- 
times  been  manufactured  for  blasting  pui']x>se8 ;  but  it»  pn-j^^aft- 
tiou  is  attended  with  very  great  danger,  owing  to  the  fiicility  with 
wliicli  it  ex()lodes  by  friction,  a  circiyustance  which  ha&  caused 
Beveral  fatal  accidents. 

(575)  PEuniLoK.nK  ok  Potassium  (KC10,,  or  KO,cnOj= 138-5);  1 
Comp.  til  loOpaH^,  K,0,  33-93;  C1,0„  OtiOT.— This  ftiUt  eryi;tal' 
lizes  in  auhydroiuj  prismatic  needles,  which  arc  very  sparingly 
soluble  in  cold  water;  its  principal  properties  and  tfie  modem 
preparing  it  have  been  already  described  (3S3).  When  heatwJ 
to  redness  it  gives  olfiG'll  per  cent,  of  oxygen,  leaving  53;&y  of 
chloride  of  potsissium. 

(57(;)  Cakuoxate  OF  Potassium  rK,60,=138,  orK(),CO,=G9); 
S^y.  Gf.  iJ-207;  6Wiy>.  ?«  100 //«/•<*,  K,e,  Cs-ll ;  eO„  P.l-Sl».— 
This  important  salt  is  obtained  in  large  (piautitics  for  eommercinl 
puri)oses  by  lixiviating  wood  ashes,  and  evaporating  tho  eolntion 
until  it  crystallizes ;  the  motlier-li<iuor,  when  it  cools,  is  ponrwl  i>ff 
from  the  cn'stallized  salts,  as  it  retains  the  more  Soluble  carbon- J 
ate  of  potiiftsiuin,  and  when  evaporated  to  dryness,   artWrds   ihci 
poia-«/ies  of  commerce,  and  these,  when  calcined,  yield  the  impure  ■ 
carbonate  known  as  jMurhsh.     Different  ]>hmts,  when  burned, 
furnish  varying  (juantities  of  the  alkali,  which  they  extract  from 
the  soil:  the  leaves  and  young  shoots,  wliere  tlie  vital  action  ii\ 
the  most  vigorous,  are  the  parts  which  fuinisii  the  greatest  quan-j 
tity  of  alkali.      Uerbaceous  plants,  therefore,  generally  fiiriitf>bJ 
more  than  shrubsv  and  shrubs  more  than  an  i'<[inil  weight  of  tim- 
ber.     It  a])pcars  from  the  experiments  of  Violette  that  tlio  varia^ 
tion  in  the  quantity  of  ash  obtained  from  ditferenl   parts  of  lh«] 
same  tree  is  extremely  great.      Thus,  taking  the  <jiiantity  nf  a^h] 
found  in  the  heart-wood  as  the  unit  of  compai'ioon,  the  prupwrtloi 
in  other  pui'ts  was  a^^  follows : — 


Heart-wood 1 

Boot  bark 6 

Bark  of  trunk 9 


Bttrkof  bmnrhf 
Root  tibres. 
l/'UVOS 


and  it  is  stated  by  Chevandior  {Ann.  dt>  Chimit,  HI.  x.  121*)  tl — , 
the  quiuitjty  uf  aah  varied  as  foHowi*  for  100  parte  of  d{m*renH 
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Si', 


joiis  of  the  wood  of  the  luiclermentloned  trees  after  drying  at 


Beech. 
Oak . . 
Bireh.. 


8oUd  »u-ni. 
,.     0-91 
,.     243 

.      0-71 


2-15 
2*03 
1-03 


8mall  linu>otai« 
1-29 
I -68 
OtJO 


In  the  wine-pnxiucing  countries,  a  considerable  quantity  of 
tbuDute  of  potassium  of  good  quality  is  fui'nished  by  burning 
refuse  yea»t  alter  the  fermentation  is  complete.  The  yeast, 
ftbi*  purpose,  i^  pressed,  dried  in  the  sun,  and  burned  in  shiil- 
eacloiures  :  tins  dry  yeast  furnishes  nearly  10  jier  cent,  of 
iweight  of  the  carbonate.  Potassium  does  not  exist  in  jdanta 
tbeform  of  carbonate;  it  oecui-s  in  them  in  union  with  the 
ijicle*  of  ditieroiit  organic  acids;  tluM^e  organic  acids  are  de- 
stroyed by  the  action  of  the  heat  during  incineration.  .Sucli  acids 
»ya  contain  more  carljon  than  it»  sufficient,  when  oxidized  by 
I  air,  to  form  the  amount  of  carbonic  acid  radicle  re<iuisite  to 
"ize  the  potassium  ;  au<l  the  carbonate  of  potas*iium  thua 
iuue<l,  as  It  is  not  decomposed  by  a  red  heat,  remains  l)ehirul. 
I  the  ashes  of  plants  various  other  saline  substances  are  likewise 
Jirescut,  but  those  which  are  solidde  consist,  in  addition  to  the 
carbonate,  principally  <if  the  sulphate  and  chloride  of  potassium  ; 
ihe^e  alkaline  salts  usually  amounting  to  from  10  to  2U  per  cent, 
of  the  entire  quantity  of  ash. 

A  jjurer  carboiuite  is  obtained  for  chemical  purposes  by  defla- 
|r»ting  a  mixture  of  purified  cream  of  tartar  witli  an  e<iua!  quan- 
tity of  pure  nitre.  The  nuiss  is  thrown,  in  small  portions  at  a 
time,  into  a  reddiot  cr,.cible  :  in  tiiis  operation  the  nitre  yielilfl 
1  to  the  vei^etablc  acid,  converting  the  carbon  whiclj  it  con- 
'utu  carbonic  acid,  which  enters  into  combinatitjn  with  the 
alkali  iioth  of  the  tartar  and  of  the  nitre,  since  the  two  acids 
uruleigo  mutual  dctomjiosition  :  tlie  carbonate  of  juitassiuni  is 
extiiicted  fruni  the  dry  mass  by  lixiviation. 

CarlKxiate  of  potassium  is  a  deliquescent  salt,  whiidi  is 
witli  ditficuhy  obtained  in  oblique  rhoiuliic  octuhedral  crystals 
lK,69„2  H,<iy).  Its  reaction  ujjon  tcst-pa|)er  is  strongly  alka- 
line; it  has  an  acrid,  alkaline  taste.  Its  solutions  have  a  peculiar 
lixiviiil  smell :  100  parts  of  water  at  00°  dissolve  90  of  carbonate 
of  pjtjissiuin  ;  and  at  the  boiting-puint  take  up  20.5  parts,  or 
rallier  more  than  twice  their  weight,  of  the  .salt.  Alcohol  does 
M  ilisooive  it.  Carbonate  of  jiotassium  fuses  by  exposure  to  a 
rtsdlieat,  and  at  a  very  high  tenqioratnre  is  ]>artially  volatilized; 
*tnred  heat  it  is  decomposed  by  silica,  carbonic  anhyibide  being 
esciH'llcd  with  eftervesceiuie,  wliilst  ttie  silica,  uniting  with  the 
"Itali,  furms  with  it  a  true  silicate,  the  basis  of  one  of  the 
''arirties  of  ghiss.  Advantage  is  taken  of  this  property'  in  the 
aiialviis  of  mineral  substances  wdiich  contain  a  large  quantity  of 
silica,  ttn<l  which  are  not  easily  decomijosed  by  the  action  of 
■•ficls.  For  this  purpose  the  mineral  to  be  analysetl  is  I'educod 
to  an  extremely  fine  powder  by  careful  levigation  ;  a  jiortion  of 
ttuis  powder  is  accurately  weighed,  and  then  iutimatuly  iiuxcd 
witli  about  3  times  its  weig'ht  of  carbonate  of  potassium  (fjr,  still 
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Ixitter,  with   tlirice  its  weight  of  a  luixtureof  51     .     ;    .  '  .""'.' 
carbonate  of  sodium  antl  7  parts  of  carbonate  of  ]■  i 

whole  is  introduced  into  a  platinum  crucible  and  cxjkmmxI  to  a 
hriglit  red  licut  for  an  hour.  The  mass  enters  into  tusion,  car- 
bonic anhydride  escaftes  with  cflervescence,  and  a  silicate  of  jKitaa*  I 
slum  is  formed ;  by  which  ineana  all  the  baecsof  the  mineral,  which 
beft>re  were  confined  witli  the  silica,  are  set  at  libortv.  lJK»n  rmw 
treating  the  mass  with  diluted  hydrochloric  acid,  the  silicat*!  of 
potiissium  is  decomposed,  the  earths  and  metallic  oxid»>^  art*  dis- 
solved, and  the  Bilica  is  partiuUy  dissolved  and  partiall  r^-d 
in  the  hydrated  form.  In  order  to  decom]tose  tlic  hy  t*il- 
ica,  the  solution  is  evaporated  to  dryness,  moistened  with  hydro- 
chloric acid,  and  again  tix>ated  with  water  ;  the  whole  is  now 
placed  upon  a  filter,  and  the  silica,  after  being  well  wa.'ihod,  re- 
mains behind  in  a  state  of  purity.  The  analy^s  of  tlie  filtered 
liquid  is  tlieii  finished  according  to  the  ordinary  method  adopted 
for  .sulistances  directly  soluble  in  acids. 

Carbonate  of  potassium  is  largely  consumed  in  tlioarta,  as,  for 
example,  in  the  manufacture  of  soap  iind  of  glass,  and  for  i»repar- 
ing  caustic  potash  and  other  compounds  of  ix>tnsh.  It  also  fur- 
nishe*  the  cliemist  with  one  of  his  most  indisijcnsable  reagent**. 

(577)  All-<iUm*:try. — Since  the  quantity  of  alkaline  carUtnatc, 
technically  known  sus  (Uka/i,  is  liable  to  great  variati< mis  in  ditiV-renl 
eivmples  of  the  a.sh, — and  since  the  conimcrcial  value  of  j^^-arlaHli 
depends  up<m  the  amount  of  carbonate  which  it  contains,  a  rapid 
and  sufiicifiitly  accurate  method  of  analysis  of  this  salt  bccoiiK* 
a  desideratum.  In  order  to  etfect  this  object,  the  pr(H>et>s  termed 
alkalimetry  has  been  invented.  In  principle  it  depends  u{x>n  the 
determination  of  the  number  of  divisions  of  a  diluted  acid,  of 
definite  strength,  which  1(J0  graiusof  the  different  samples  of  a*\i 
axe  capable oi  neutralizing;  the  neutralization  being  estimated bj 
the  JUition  of  the  solution  upon  blue  litmus. 

The  acid  solution  which  is  to  be  employed  ia  measured  from  a 
burette  or  alkalunekr^  which  is  a  tube  of  the  form  shown  in  fig. 
331.  It  luvsan  internal  diameter  of  about  five-eighths  of  an  inch, 
and  is  suttieieutly  tall  to  contain  rather  more  than  lUOO  graiiw  of 
distilled  water.  The  space  occupied  by  lOOO  grains  of  water  tik 
C»(f  IS  marked  ofl"  an<l  indicated  as  0,  and  tlic 
tube  is  then  siibdivide<l  into  lOU  equal  poi'th, 
each  capable  of  contaijiiiig  10  grains  of  water; 
opjiosite  every  tentli  division  the  numlH>rcorn?- 
sponding  to  it  is  placed,  the  numbers  increas- 
ing from  above  downwards. 

Various  plans  have  been  proi>oand  for  pnv  I 
paring  the  diluted  ncid  ;  the  followi-  -  '■-     tib- 
stantially  the  same  as  that  reconn  Ii|T 

Faraday  {C/ormical  JT  '  fion^   '.iui  eU.  p. 

2Ml.     It  has  the  adv.,  i   being  readilj 

applicable  to  any  alkttli. 

A  solution  of  sul)»huric  acid  is  projjarwl  hy 
luting  tlie  ordinary  commercial  acid  with  S  times  its  Mk,  oi 
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5  times  its  weiirht  of  rliatille<l    water;    when  cix»l,  tlie 
\i<iaid,  which  may  be  termeil  albUimHrlc  acid,  shouM  have  a 
ific  gravity  of  1  "1:208.     lu  order  t<»  ascertain  whether  the 
gth   of   this,   alkalimetric   acid    l>e  accurately   adjusted,   a 
tity  of  crystallized   bicarlxmate  of  potassium  u  fuse<l   in  a 
.tinutn  crucible  in  order  to  convert  it  into  the  carbonate:  the 
1  ma«.  is  poured  upon  a  clean  iron  plate,  and  100  grains  of  it 
[uickly  weighed,  and  dissolved  in  about  3  ounces  of  water  in 
all  evaporating  basin.     Diluted  acid,  sutHcient  to  fill  35  divi- 
9,  is  now  to  be  introduced  into  tlie  alkalimeter,  which  conse- 
ntly  is  to  be  filled  up  to  the  mark  65  with  the  diluted  acid,  and 
is  to  be  added  until  it  stands  at  the  mark  0  :  the  acid  and 
:er  are  to  be  thoroughly  mixed  by  closing  the  tn]>e  with  the 
tliiiinl)  and  finsjer,  then  inverting  and  agitating  the  tube :  after 
which  die  liquid  is  adde<l  to  the  solution  \.A  carbonate  of  potass^ium, 
ch  is  to  be  getitly  wanned  in  order  to  expel  the  carbonic  anhy- 
ideaa  it  is  liberated.     A  piece  of  blue  litmuB-paper,  or  a  small 
quaiitiiy  of  infusion  of  litmus,  is  placed  in  the  basin,  and  the  acid 
CROtiousIy  added  until  the  litmus  is  distinctly  but  pemianently 
ldene<l.     The  acid  liquid,  if  proper!}'  dilutcil,  ought  to  contain, 
each  division,  suthcient  sulphuric  acid  to  neutralize  1  grain  of 
Ixinate  of  p«>tassinm  ;  and  the  entire  contents  of  the  alkalime- 
pliould  therefore  exactly  produce  this  cft'ect.     If  more  than  100 
ions  of  the  acid  be  required,  the  test  acid  is  too  weak  ;  if  less 
mo  divisions,  it  is  too  strong. 

iUp[)ose  that  95  divisions  of  the  acid  were  suflScient,  the  alka- 
limetric acid  trom  which  it  was  prepared  must  have  contained 
flOe-twentieth  too  much  acid  ;  every  95  measures  of  this  acid, 
"leretore,  must  be  dihited  with  5  measures  of  water.     If,  on  the 
Wliand,  more  acid  than  100  divisions  be  required,  say  105  be 
eded,  the   acid  contains  one-twentieth   too   imicli  water:    the 
antity  of  alkalimetric  acid  used  in  the  ex^K-rimunt  requires  the 
Itlition  of  one-twentieth  more  of  acid  than  it  originally  con- 
ned; now  the  quantity  of  alkalimetric  acid  used  was  35  divi- 
iitt,  and  the  one-twentieth  part  of  this  is  1'75,  but  only  one- 
li(if  this  is  pure  acid  (H'jSB,),  so  that  0"25  parts  by  wnght  of 
f  oil  of  vitriol  oricnnally  usetl,  must  lx>  added  to  eacli  35  parts 
Weight  of   alkalimetric  acid.      This   correction,   tlunigh    not 
theniaticallv  exact,  is  perfectly  sufficient  for  all  practical  pur- 
The  alkalimetric  acid,  when  duly  adjusted,  is  preserved 
es  which  are  accurately  closed. 
H.iving  thus  prepared  a  test  acid  of  the  proper  strength,  100 
ins  of  the  sample  of  pearlash  for  trial  are  dissolved  in  3  or  4 
"Ices  of  water,  hi tered  if  necessary,  and  then  tested  in  the  same 
iner;  the  number  of  divisions  of  acid  consumed  will  indicate 

fer-centage  of  carbonate  of  ]>otas>ium  jirescnt  in  the  sample, 
he  same  acid  may  lie  employed  to  detemiine  the  quantity  of 
*  present  in  any  sample  of  soda  asli ;  but  as  a  certain  weight 
*<>aa  neutralizes  a  proportionately  larger  anioimt  of  acid  tiian 
e<inal  weight  of  potash,  the  alkaliineter  must  be  filled  to  a 
iter  mark  with  the  acid.     For  the  determination  of  tl\e  (\uan- 
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tity  of  anhydrous  potash  in  any  ganiple,  the  ftcj«i  njust  bo 
into  the  burette  till  it  stands  at  tlic  divi»;ioii  4!*,  and  the  tal)e 
mnst  he  then  tilled  np  to  0  with  water.  Each  divifiion  will  thc«n 
contain  aeid  gnfficient  to  neutralize  1  grain  of  anhydrr»iis  [lotst^ 

If  filled  with  acid  to  65,  and  then  tilled  np  with  water,  each 
division  will  correspond  to  1  grain  of  carbonate  of  j»ot 

Tf  filled  to  M'O,  and  then  tilled  np  with  woter,  e:i  iun 

will  indicate  1  grain  of  dry  carbonate  of  sodium :  and  il  lil.tj.J  to 
23-4,  and  then  water  he  added  to  0,  the  aeid  in  each  <livigion 
will  neutralize  1  grain  of  anhydron*  soda. 

In  cases  where  greater  accuracy  is  required,  the  acid  polntion, 
instead  of  I^ing  measured  from  the  burette,  is  weighed ;  ami  fw 
this  puqioRc  the  solution  is  placed  in  a  light  flask  of  the  form 
tliown  in  par.  (939). 

In  estimating  the  value  of  wxla  ash,  whifh  often  p^        '      -ul- 

fihide  and  hyposnlpliite  of  sodium,  an  en'or  might  b<  i-vl 

ly  adoj)ting  this  niethcMl ;   bet^ause  both  the  f»ul]ihide   mul    the 
In-posulphite  would  be  decomposed  by  the  sulphuric  acid,  and 
would  neutralize  it,  and  thus  would  be  reckoned  as  carbonate  of  ' 
sodium. 

The  presence  of  caui^tic  alkali  in  any  sample  is  easily  nsocr-i 
tained  by  tlie  action  of  the  solution  u|X)n  nitrate  of  dlv«>r :    the 
carbonates  of  the  alkaline  metals  occasion  a  white  precipitate  of 
carbonate  of  silver;  but  if  they  contain  any  causticf  alkali,  a  1»r(>wn 
precipitate  of  hydrated  oxide  of  silver  is  i>roduoed.     The  pre-^ionc* 
of  suljihiflcs  in  the  ash  is  imraediutcly  manifested  by  tl>co<lourof 
sulphuretted  hydrogen  which  is  evolved  on  neutralizing  the  eola- 
tion with  an  acid;  if  any  sulphide  be  present,  it  will  blacken  tb«| 
salts  of  silver,  and  interfere  with  their  application  as  a  toet  for' 
caustic  potash  or  soda, 

(57S)  Alkalimeinj  ;  Prnrr^fnif  WfU 
^o.  332.  and  J'^r(Mrniut). — The  projMMiinn  of  car- 

bonic anhydride  in  any  sianijiJe  of  idkaH 
18  readily  ascertained  by  meaim  of  the 
aj>jmratii.s  emploA'ed  for  the  purt»«»60  by 
Will  and  Fresenuw,  repreftcnfea  in  flg. 
832 ;  6  is  a  light  fliV'^k,  of  aUvut  S  ouneea 
capacity,  in  which  100  grains  of  the  al- 
kali are  placed  with  altout  1  ounce  of 
water:  d  is  a  similar  fla-ik,  in  which 
about  an  ounce  and  a  half  i»y  nu.-isiire 
of  oil  of  vitriol  is  placed.  A  (=ound  cork  is  fitted  into*  tlio  neck 
of  each  flask,  and  is  pierced  witli  two  apertures  for  the  reception 
of  the  tubes,  (I,  <!,  and  e,  all  of  which  aro  open  at  both  end*:  tho 
tube,  Of,  is  sufticiently  i<»ng  to  dip  into  the  liquid  in  the  flask  ;  rift 
a  bent  tube,  the  longer  limb  of  whitth  i)assc«  into  the  acid  in  tlio 
flask,  d.  The  outer  extremity  of  a  iu  closed  during  the  cxpnri' 
inent,  by  a  ]'liig  of  wax  or  of  sotY  cement.  Tlif  Mi>i>nr''tM*  in 
ditirged  in  the  nianiicr  ahvady  dc-cnl»ed.  .i  <<I 

alter  it  has  been  cnwnicctcd  logcfhcr.      A  iw 

made  by  applying  tbo  mouth  il<»  the  tube,  «,  and  cx)mu«.tingapcir 
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of  the  air ;  on  ceasing  to  exhaust,  the  acid  rises  in  the  tube, 

itl  passes  over  into  ^>,  to  supply  tlie  place  of  the  air  which  has 

m  withdrawn  ;  eftervescenee  is  occsvsioned  by  the  escape  of  the 

nrjic  anhv'lridc,  which  pusses  ott'  through  the  tuhe,  t',  and  is 

as  it  bubbles  up  through  the  oil  of  vitriol  in  the  flask,  d. 

on  as  the  effervescence  has  ceased,  a  fresh  portion  of  acid  is 

over  from  d  into  b  by  again  partially  exhausting  the  air : 

this  process  is  repeated  until  no  further  effervescence  Is  occa- 

1  by  the  fresh  acid.     The  plug  of  wax  is  now  withdrawn 

tlie  tube  rt,  and  a  current  of  air  is  forced  tiiruugh  the  appa- 

by  exhausting  with  the  mouth  at  e,  and  the  carbonic  anhy- 

ide  is  thus  completely  displaced.     Tlie  plug  is  now  replaced  m 

tulw  «,  and  the  apparatus  is  weighed  a  second  time.     The 

difference  between  this  weight  and  that  obtained  on  the  first  oc- 

csMon,  indicates  the  amount  of  carbonic  anhydride  which  has 

been  cvpelled. 

If  any  sulphide  or  sulphite  of  the  alkaline  metal  be  present, 
le  error  which  it  might  nccivsion  by  loss  of  sulphuretted  hydrogen, 
or  of  suIi)hurous  anhydride,  in  the  gaseous  state,  and  which  would 
^rcckoncil  as  carbonic  anhydride,  is  prevented  by  mixing  from 
'  to  :i<i  grains  of  neutral  chromate  oi  potassium  with  the  sample 
ider  trial:  the  chromic  acid  which  is  liberated  by  the  subse- 
qnent  action  of  the  sulphuric  acid  upon  the  chromate,  imparts 
•Ti  to  the  sulphuretted  hydrogen  or  sulphurous  ucid,  and  con- 
both  into  sulphuric  acitl,  which  would  be  retained,  and  would 
Tt\  no  way  interfere  with  the  result. 

(STK)  An'rl  Cnrhonnte  or  Bi'Xtrhonate  of  Potassium.  (KIT GO,, 
orK(.»,riO.  2  CO,=  100);  <Sjr).  Gr.  2-052. — By  pjLssing  u  current 
of  carbonic  acid  tlu'ough  a  strong  solution  of  the  carbonate  of 
P^itassinm,  crystals  of  the  carbonate  are  deposited  in  the  form  of 
right  rhombic  prisms ;  they  are  permanent  in  the  air,  and  require 
&tx)Qt  4  parts  of  cold  water  for  solutitni.  The  sobitii«n  o^  the  acid 
Cftfbonate.  if  exposed  to  the  atmosjilierc,  gradually  loses  oiie-iiiurth 
"f  its  carbonic  acid,  forming  a  sesquicailiunate  ;  and  if  IjoiloJ,  the 
S4me  change  occurs  much  mure  quickly.  The  acid  carbonate  is 
Jl^'iiverted  into  the  normal  carbonate  when  fused  by  means  of 
••eat.  The  acid  carbonate  of  potassium  has  no  alkaline  reactiim 
"poll  turmeric.  It  may  be  employed  for  procuring  the  compounds 
•**  [wta-ssium  in  great  purity,  since,  it  well  crystullized,  it  is 
ftlnsost  absolutely  j)ure,  and  may  he  obtained  in  tliis  state  with 
less  ditfleulty  than  any  other  salt  of  potassium.  It  is  consumed 
■i.'vlly  in  considerable  qu.tntities,  for  making  effervescing 
^  lis  by  the  addition  of  citric  or  tartaric  acid  to  its  solution 
Ui  water. 

'J\\ei  Silicates  of  Poland  urn  are  important  compounds  in  con- 
^t'rioti  with  the  manufacture  of  ghiss :  they  will  be  noticed  in 
tfeHting  this  subject  (593  et  seq.). 

(580)  Cn.OiACTKB8  OF  THE  h<ALT8  OF  PoTASStUM. — The   SaltS    of 

'  '     iiim,  with  a  colourless  nci<l.  arc  all  colourless,     Tlioy  seldom 
1  I  any  water  of  crystallization,  yet  manv  of  tlieui  are  deli- 

I     <l"**c(iut;  die  carbonate  and  acetate  oii'er  striking  iustauceaof  this 
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peculiiinty,  and  fiirnisli  in  this  respect  a  ni: 
corresponding  sultiJ  of  sodium.     Tlic  salts  of  \ 
if  intrudiii'od  iijumi  ii  plntinnin  wirn  into  tlic  ral u<:i mj Jfame  ^ _ 
hloinpijK\  c'oinniunicato  to  it  h  violut  tint;  the  ]»rt'soiice,  how( 
of  a  %x\va\\  quantity  of  a  salt  of  sodium  masks  tlu8  effect,  in 
qtienco  of  the  strong  yellow  flame  (K;«ttsioned  in  simihir  cir 
Btances  by  the  compouncla  of  Bodium ;  by  means  nf  the  fl|»c<;lre 
scope,  liowevcr,  the  potaRiiiutn  is  distinetly  recos^niz;- ■  ' 
the  sodium  salt  may  be  in  very  large  excess.     The  I!. 
by  a  salt  of  potassium,  io  the  tlame  of  a  Eutisen  huruui',  ruiistii 
of  a  feeble  continuouB  epectmm,  tenninated  at  one  end  by  a  bright 
line  in  the  red,  and  at  the  other  by  a  feebler  bright  line  in  the 
violet  (K,  fi^.  82,  page  151,  Part  I.),     Solutions  of  tlie  saltft 
potassium  yield  no  precipitate  with  solntions  of  the  carbonateaof 
the  alkaline  metals,  with  ferroeyanide  of  potassium,  or  witli  eal-^ 
pliidf!  of  ammonium.     The  presence  of  potassium  in  solution  i| 
recognized,  after  the  absence  of  every  metal  but  sodiura  has  been 
ascertained,  by  the  following  characters:  if  moderately  c-tmc 
trated,  a  solution  of  t'lrlnrii'.  add  in  exeeiw  causes,  upon 
stirring,  a  white  crystalline  precipitate  of  acid  tartrate  of  potu 
which  is  readily  dissolved  upon  adding  an  alkali.     PeroM-orate ui 
carlimoiak  of  sodium  had  also  sometimes  been  employed  a?  a  t**! 
for  potassium,  since  both  the  perchloric  and  car1)azotic  acids  for 
[)ota^.sium  Raits  of  sparing  solubility.     These  compoumls,  I. 
are  all  snluble  to  a  consideraltle  extent  in  «'old  water,  aii' 
tolerably  strong  solutions  are  employed,  they  do  not  immeJia 
subside.     With  siUcofiuoric  acid  tliey  yield  a  transparent  gel 
ous  silicofluoride,  which  forms  a  white  powder  on  drying.     Tli< 
juost  conclusive  reaction,  however,  is  produced  with  the  pers'f Jo 
ride  of  platinum  ;  upon  mixing  a  strong  solution  ofthieealt  witl 
a  concentrated  one  of  a  salt  of  potassium,  a  yellow  ilouble  salt 
consisting  of  (2  KCl,PtC!l,)  is  separated  in  cryst^da;  it  if>  f\i' 
insoluble  in  alcohol  and  ether,  but  is  slightly  taken  np  by 
water.     It  is  therefore  best  for  analytical  purposes  to  uciduhitl 
solution  suspected  to  contain  potassium  with  a  little  hydrocli' 
acid,  and  having  added  a  slight  excess  of  the  solution  of  pci 
ride  of  platinum,  to  evai)orate  to  dryness  over  the  wat«ir-bttth^ 
to  wash  the  residue  with  alcohol  so  long  as  anything  is  diAanh 
This  salt  when  heated  to  reilness  is  decomposed,  the  idatinnin  l<n 
its  chlorine,  and  the  chloride  of  potassium  may  bt;  k\'\>-'  '      '      i| 

the  grey  residue  with  cold  water,  whilst  metallic  plu;  

behind  :  100  parts  of  the  chloride  of  platinum  and  pola>ssiuin  art 
equivalent  to  15'08  of  potassium,  or  to  I'J  26  of  potiis^h. 

§  II.  Sodium:  Na=23.    Sp.  Or.  0-972;  Fu4>iiuj-j,t.  -.iuT'-j 

(5S1)  SonrtTM  may  be  obtained  trora  its  enrbotiatc  by  a  ]*r 
analogous  to  that  used  in  procuring  ])otassium.  Deville  re 
mejids  the  employ;  iho  following  mixture  in  tl 

of  sodium:  dned  c  i  ■   of  sodium,  717  part-^;  po\> 

coal,  175  parta ;  finely  powdered  chnlk,  108.    These  innteriokftl' 
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nitiinntely  and  knea<ied  into  a  stitt*  paste  with  oil,  and 

Bued  in  a  c'o\ered  imn  pot  ;  the  niii.'W  is  then  introduced  into 

"im  retort  and  distilled,  with  the  precautions  discribed  when 

king  of  p<^»taj*siutu ;  it  ougiit  to  yield  nearly  one-third  of  its 

jht  of  sodium :  the  objet't  ui'  addintr  the  chalk  is  to  prevent  the 

jal  from  separating  from  the  carl)onate  of  &o<]ium  when  thii?^ 

|&B<s.     As  a  rediu'ing  agent  s<j«liuni  is  but  little  inferior  to 

,   siinn  in  energy,  and  isinee  its  conihiniiig  nund>er  ishnver,  and 

Imetal  is  mnch  less  expensive,  it  may  generally  be  substituted 

^potassium  with  advantairc  in  such  operations. 

|:bodium  has  a  bluish-white   colour;  in  ap|)earance  and  pro- 

ies  it  much  resembles  potassium,  but  is  somewhat  more  vola- 

!;  it  fuses  at  a  temperature  of  207*^*7.     It  burns  with  a  bright 

'jw  flame.     When  dropped  into  cold  water,  it  decomposes  a 

ion  of  it,  extricating  hydrogen,  but  the  gas  does  not  take  fire 

the  water  be  heatetf  previously. 
The  great  storehouse  of  sodium  is  common  salt,  which  is  met 
_  in  nature  in  extensive  deposits ;  it  is  also  contained  in  vast 
qmntities  in  the  water  of  the  ocean  ;  the  immense  quantities  of 
8o(Ia  consumed  in  the  arts  are  almost  exclusively  obtained  from 
cliloriiie  of  todium,  by  a  process  presently  to  lie  tlenenbed,  though 
lodinm. occurs  in  several  minerals,  such  aa  albite  or  sodiuin-tel- 
mtr  and  cryolite,  the  double  fluoride  of  sodium  and  ahiminum. 
Borax  or  the  acid  borate  of  sodium,  and  trona  or  the  sesqui- 
twlxiiiate,  as  well  as  the  nitrate,  ai-e  also  native  comiwuiids  of 
KKliam. 

Tbe  metal  forms  two  well-known  oxides,  one  of  which  con- 
tain* twice  as  mnch  oxygen  as  the  other  : — 


8o<U Na,e    = 

Peroxide  of  }         -a    c^ 
sodium       p-»»te,    = 


62 
78 


Sodlam. 
7479 

68-97 


OxTgen. 
25-81     =    100 

41-03    =    WO 


fine  fiulx)xide  appears  also  to  e.xist. 

|582)  Oxide  of  Sodium,  or  Soda  {Na,e=62,  or  NaO=31),. 
IS  the  basis  of  the  important  series  of  salts  of  sodium.  It  can 
prcxHired  in  an  anhydrous  state  by  buniing  the  metal  in  dry  air 
or  oxygen  gas  :  it  is  ot  a  yellowish-white  colour,  attracts  moisture 
••  greedily  as  the  corresponding  oxide  of  potassium,  and  this 
^ater  cannot  again  be  expelled  from  it  hy  heat.  In  appearance 
*t»d  properties  the  hydrate  closely  resemldes  that  of  potasli ;  it 
•Jiay  be  tormed  from  the  carbomite  l)y  a  similar  method ;  its  aetion 
Ipon  acids,  however,  is  less  energetic.  According  to  Filhol  the 
«olifl  hydi-ate  (XallO)  has  a  ep.  '^gr.  of  2'13,  The  table  on  the 
tolluwing  page  shows  the  proportion  of  anhydrous  soda  which 
>*  contained  in  solutions  ot  hydrate  of  soda  of  tlifferent  densi- 
«».  Hydrate  of  soda  is  extensively  used  in  the  manufacture  of 
Wd  soaps. 

Caustic  soda  is  now  manufactured  on  a  large  scale  in  the 
»lkali  works,  which  supply  it  in  the  form  of  a  solid  hydrate  con- 
ing 60  per  cent,  of  anhydrous  soda ;  for  this  purpose  advan- 
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Strength  nf  Sf>firfion«  of  Soda  {DaUmi), 


8p  «r. 

NnO  In  100 
ports. 

Sp.gr. 

K«o  ii>  Ida 

pans. 

1-66 

41-J 

1-32 

23-0 

1-ftO 

3G8 

1-29    

19'0 

1-47 

34  0 

1-23 

ie-0 

1'44 

31-0 

1-18 

13-0 

1-40 

29-0 

112 

i-a 

1-86    

8fi-0 

106 

4^ 

""         I 

I 


tsure  is  taken,  as  ]>roposed  hy  Mr.  Gossage,  of  the  ciin^tic  soda 
[ijiM-nt  in  the  solutions  of  cnide  soda.* 

The  »}d])hiflrs  i>f  sodium  oon-espi md  in  imnibcr  with  tlu 
p<itftssiiiin,  wliieli  thoy  tilosely  resoluble.     They  may  \>ii  jirc'J 
bv  nnulogoui*  niftliods. 

(5S3)  GnLOKroE  of  Sooii-m  (NaCl  =  58-5)  ;  Sp.  Gr.  2-OT8J 
Conip.  in  IfH)  part«,  Na,  39-32 ;  CI,  60-08. — T\m  important  an4 
well-known  componn<J,  formerly  called  rnuriaie  of  goffa. 
tutes  common  culinary  table-salt..  It  is  found  native  in 
form,  and  it  exists  in  w)lution  in  pea-water  in  u]>r' 
2'7  per  cent.,  which  amonnts  to  nearly  four  oiini 
to  a  biiphel  in  from  Son  tf»  J-t.^i)  (fMlIdna. 

T)ie  oxtra<-tion  of  the  chloride  from  sea- water  was  fonnCrls 
practised  to  tome  extent  upon  the  Bouthem  coast  of  onr  ot 
iif.i»nd :  in  Great  Britain  the  manufacture  is  now  nnimportaut 
tliKUjih  in  the  southern  conntries  of  Europe  the  prei>anit inn  i/ 
bay -salt  is  Htill  a  branch  of  industry  of  some  ma^mtu<ie.  lu  con 
<luctin}j;.this  jirottefis  the  sea  water  is  aUt)wo<l  to  run  iiit.n  sballuH 
poolri,  in  \yhii-h  the  water  e%'aporutes  and  the  Honor  1 
ccntrateil  by  the  heat  of  the  sun  :  crusts  of  tlie  salt  art- 
are  rakeil  oH'from  time  to  time:  the  rough  crystals  thu»oiit 
furni>h  the  (»iij-itiih  of  commerce.  The  concentratc<l  sen- 
or  bf'tti'm,  is  employed  as  a  sonrce  of  Iwomino.      lialanl.  who  Lu 

•  In  nrdiT  to  odbct  this  tho  crude  solutiou  obtnin««d  from  the  >)1ac^-<u)i 
«T«IH>rau»l  ilftwii  till  it  )to<)itm«  a  ap.  jrr.  of  1'5  or  I'l^  .luHi  l-  .vhi.-Ii  ni..  n»rK.ri  i 
«n  till'  mrlxmiitts   (iiil|i)iA[t<,  utid  diloride  of  sodii 

(tf^cllliioiIlT  loiOwti  nr  mi  lujiun)  is  nf  ;i  rvd  nOnllT  ■ 

fiolulilo  coni])Oiiml  of  Dulphido  o(" 
tiiiiiiiiJiU>d    wUh   fcrroi'VTHiido.  niid 


entire  p^v.-- 
tiitmtr  A I 
dt?^-' 


IK'  njoro 

fiiitl     i:<    r:i 
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Imme 


fielitz 


DTUch  attention  to  the  study  of  tbeee  mother-liquoi-s,  has 

a  method  of  extracting  from  tl»em  not  only  eulpliate  of 

itnn,  but  also  an  important  (juantity  of  salts  of  j>otassium,  in 

form  of  a  double  guljihatc  of  potast^imu  and  laa^ncoium,  as 

B8  of  a  double  chloride  of  pcitassiiiin  and  magnesium.     The 

requires  a  careful  attention  to  the  temperature  at  which 

'  crystallizations  are  eflected.     At  tenii>eraturefl  below  27°  the 

liiriJe  of  sodium  still  present  in  the  brine  decomposes  the  &ul- 

tXe  of  majs:ne6iura,  chloride  of  ma^ncsiima  and  tsulphtitc   of 

being  formed ;  whilst  at  temperatures  aliove  100°  F.,  a 

iiigly  soluble,  double  sulphate  of  eodium  and  magnesium  is 

aed.* 

lense  beds  of  common  salt  are  met  with  in  Cheshire,  at 
tzka  in  Poland,  and  at  Cardona  in  Spain.  It  has  also  re- 
ntly  been  found  in  abundance  in  the  north  of  Ireland,  near 
elliast,  and  on  the  soutiiern  borders  of  the  Durham  coij-tield. 
lear  Norlhwich,  the  principal  deposit  of  rock-ealt  in  England^ 
he  mineral  occurs  iu  two  beas,  situated  one  above  another,  sepa- 
"  by  about  30  feet  of  clay  and  marl  intersected  with  small 
I  Oi  salt :  the  two  l>eds  together  are  not  less  than  60  feet  in 
300  yards  bmad.  and  a  mile  and  a  half  long.  These 
» occur  in  luagnesian  Hmestone.  The  celebrated  and  beauti- 
mine  of  Wielitzka  contains  sufficient  salt  to  supply  the  entire 
orld  tor  ages.  It  is  calculated  that  the  mass  of  rock  salt  here 
loOO  mileb  iu  length,  20  miles  broad,  and  not  less  than  1200  feet 
thickness.  This  salt  dei>osit  occurs  in  the  chalk  forniation,"f" 
Hiloride  of  sodium  is  sometimes  fomiil  crystallized,  an<l  is  then 
Bed  «a/  (/em,  or  rock  salt.  Where  coal  is  cheap,  the  solubility 
chloride  is  fretjuently  taken  advantage  of  in  diiiaiii.-.hing 
tile  labour  of  raising  the  salt  to  the  surface,  water  being  let  down 
U'to  the  bed  of  salt  and  allowed  to  renuu'u  tilt  it  liiw  l)e('onie  sat- 
iiWed:  it  is  then  pumjX'd  out  and  the  brine  is  Ijoiled  down  and 
ytullized.  Some  brine  springs  contain  too  small  a  jn'opor- 
6n  of  salt  to  render  it  profital»le  toettoct  the  evaporation  l)y  lieat ; 
water  in  these  cases  is  therefoi-e  concentrated  by  grailunthm,, 
»t  Salzburg:  thin  process  consists  in  exposing  the  brine,  dif- 

*  Tbe  (bUonrine  ta  the  modification  of  Bnlnrd's  plan,  Adopted  by  M.  Merle :  i^ea 
•■•sri"  concoatniujd  in  the  8uU-paii9  by  8poii(uneoua  evaporatiou  till  it  uojuircs  « 
iKiwliy  of  rui,  by  which  time  it  bus  deposited  about  Jtlis  of  the  quantity  ofunmrnon 
*Jlwhicli  it  CJintains.  Tbe  mother-liquor  is  then  diluted  with  one-tenth  of  itH  balk 
I  rlown  artirtuiaUy  by  the  use  of  Carre's  rofrijaterator,  (no/<r,  Pari  I. 
It)  .ruiure  lallg  to  0'  f.     Ab  the  liquor  pasJieB  tbroueh  the  reCrige- 

lil'  diuiu  ia  deposited  in  nearly  a  pure  state,  and  is  dried  in  a  coutri- 

•Ihyilro-t'itnictor.    The  mother-liquor — retaining  chlorides  ormagriesiiiirn,  sodium, 
IpotMfiuni — ia  boiled  down  to  a  sp.  gr.  of  1-8:<1,  and  deposits  nonrly  ull  tlioTe- 
chloride  of  Bodium.     The  hot  liquor  ia  rua  into  ahaltow  coolers.  wUare  it 
I  the  whole  of  the  potash  iu  the  form  of  the  double  chloride  of  raa^ueBium  uud 
On  ireutiai;  this  with  half  its  weight  of  water,  the  salt  is  dwomposed, 
nt  chloride  of  mdjftR'siuni  is  difS'ilri-d.  to;:rethor  with  one-f<mrth  of  the 
'  potauium,  und  the  solution  is  returitcd  to  be  recrystulliy.ed  with  the  fresh 
r>ti<^uur — irhile  the  undiMotved  oliloride  of  potasBtum  is  ready  for  sale  after  it 
l.licoD  dried. 

BpeclmeiiB  of  the  salt  from  this  mine  decrepitate  when  thrown  hito  water, 

he  eacape  of  coadeosod  goa  (t3iJt;  Bose),  which  ia  liberated  during  tiwiio> 

'  the  cryatala 
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fured  over  a  large,  surface,  to  the  air,  by  pumpinf;  ft  up  to  a  i 
and  tlicn  allowirio;  it  to  trickle  slowly  over  liirgc  stsu-k*  4.f  faj 
piled  in  suitable  buildings  screened  from  rain,  but  fi' 
to  the  prevailing  wind :  after  this  process  has  lieen  n  j  i|^ 

or  ten  times,  the  solution  acquires  a  density  of  alxmt  l"14ii,  ant 
is  Buificiently  concentrated  to  allow  the  evaporation  to  be  iiniidiodj 
ae  usual  by  the  direct  application  of  heat.     In  the  first  basin 
in^luble  double  sulphate  of  calcium  and  sodium  ia  d< "       ' 
partly  in  the  form  of  mnd,  or  sc/ilot  as  the  Germans  tenn  i 
in  the  form  of  a  hard  scale,  whiuh  aiiheres  to  the  bottom  ,>i  tiidj 
pan  :  when  the  liquor  reaches  a  density  of  1'236  it  iedccunteil  int< 
aridtlier  pan,  and  evai>orated;  tJie  crusts  of  salt  are  removed 
they  are  formed. 

The  appearance  of  the  salt  varies  according  to  tlie  rate  nil 
which  the  evaporation  is  conducted ;  when  the  brine  i^  bt)ihHll 
d<)\TO  rapidly,  it  furnishes  the  mealy,  fine-graineti  salt  used  npnM 
•our  tables? ;  if  evaporated  more  slowly,  the  hard,  crystallized  .«alt,| 
preferred  for  Hslicry  ])ui']>ose8  is  obtained.     The  salt  of  coinn»erceJ 
always  contains  a  certain  proportion  of  chloride  of  magnesiuin^j 
wliieli  gives  it  a  sliglitly  deliquescent  character,  and   ad(1s  to  th« 
pungency  of  its  flavour.      It  is  stated,  that  when  the  projjorliortj 
of  (ihloride  of  ma-fnesium  in  the  brine  is  consideral tie,  the  er)>tal 
of  chloride  of  sodium  form  a  scum  over  the  surface  which   mnd 
retards  the  evaporation.     Thi^  inconvenience  maylw  reni<  ''    ' ' 
the  addi  ti'  m  of  a  quantity  of  sulphate  of  sodium,  which  det  ■ 
the  chloride  of  nuigncsium  and  converts  it  into  sulphate. 

Properties. — Chloride  of  sodium  lias  an  agreeable,  saline  taste 
It  crystallizes  in  colourless  transivarent  cubes,  which  are  anhy- 
droTis,  soluble  in  about  3  parts  of  cold  water,  and  scarcely  mor 
soluble  at  a  temperature  of  212°;  the  saturated  sohitioji  hiw 
&\\  trr.  of  1-205.     Water  at  32°  dissolves  35-5  j)er  cent,  of  (he  wilt, 
and  41 '2  per  cent,  at  229'^*5,  the  boiling-pomt  of  the  !*oluti<iri. 
When  heated  8u<lden!y,  the  crystals  decrc]>itate  with  violcneo;  at| 
a  bright  ix-d  heat  they  fuse,  and  by  a  stronger  heat  are  converted 
into  \apour.     Chloride  of  eoflium  is  insolulde  in  puroalcoliol,  but 
is  taken  iip  in  considerable  quantity  by  dilute  spirit.     By  exu.  -Itil^ 
its  aqueous  solution  to  a  temj)eraturo  of  about  14°,  it  cry 
in  he.xagonal  tables,  which  contain   2  H.B  :  as  tlie  tempt  .„,....,-, 
rises,  the  water  ia  separated,  the  crystals  fall  to  pieces,  and  beconif 
converted  into  a  heap  of  minute  cubes. 

Chloride  of  sodium  is  consmned  in  large  quantitiw  in  tht 
manufacture  of  the  salts  of  sodium,  it  is  extensively  < 
glazing  stoneware,  an<l  is  an  article  of  daily  domestic 
indee<tun  essential  constituent  of  the  food  Itoth  of  man  and  of 
animals,  who  languish  if  it  be  supplied  in  Insnffieicnt  quantity.J 
The  process  of  salting  meat  is  resorted  to  on  account  of  the  j>ow< 
erfvdfy  antiseptic  qualities  of  the  chloride  of  sodium.     In  ih\l\ 
operation  a  large  quantity  of  the  nutritive  juice  of  the  meat  U^ 
extracted,  and  this  Uquid  when  saturated  with  the  salt  for 
hriiii?.     Heat  thus  prepared  is  much  less  digestible  and  nu 
thai)  frosh  meat. 


BBOMIDE  ASX>  U>DIDE 


OF  soonrM — sulphate  of  sodicm. 
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Chloride  of  scMliuin,  when  fused  with  rather  more  than  one- 
drduf  its  weight  uf  sodium  in  a  current  of  dry  hj<5rt>ii;en,  fiir- 
a  blue  uumpouiid,  supposed  to  be  a  subchlurldc,  ^a,Cl 
tn). 
(584)  Bkomide  of  Sodium  (XaBr=103)  is  analogous  to  bromide 
twtu&iiuiu  ;  it  is  soluble  both  in  water  and  in  alcohol,  and  crys- 
llutes  at  temperatures  alxjve  80°  in  anhydrous  cubes.     At  lower 
nperatures  it  fonns  hexagonal  tables  with  2  II,0. 
(5!>5)  loniUE  OF  S<JDiuM  (Nftl=150 ;  »S};.  <rr.  3"4r>)crvntallize8 
; tempei'atureo  above  100°  F.  in  cubes,  which  are  auliydious; 
Dt  if  crystallized  at  ordinary  teuijieratures  it  Welds  lartfe  tran^ 
ent,  striated,  oblique  rlioinbic  jirisois,  with  H  II^O.     tixlideof 
lium  occurs  native  in  sea-wiiter  in  minute  proportion,  but  small 
itliis  proportion  is,  it  funuj.hos  the  eoiniiiereial  supply  of  iodine ; 
ny  marine  plants  appropriate  it  to  their  nutrition,  and   when 
bese  plants  aire  burned,  the  iodide  remains  in   the  residue:    the 
itlius  obtained  <;oes  by  the  name  of  IvfjK     A  tun  of  good  Irish 
lip  from  drift-weed  furnishes  about  8  lb.  of  iodine. 
(586)  Sulphate  of  Sodiitm  (Na,SO.,  10  11,0=142  +  180,  or 
[SaO,SO.,  10  HO  =  71  +  yO).  Sj>.    Or.  anhy<lrmi«,  2-i)97;  cryti. 
'^S:  Comptvfitlitn  in  HiO  /lartmA'  dry  salt,  N}i,0,  43'<37;   J?0, 
6'33;  of  crystallized  salt,  >ia,e,  iy-24;  SO,,  24-84;  H,0,  55-J)l. 
F— This  wdt  has  long  been  known   under  tlie  name  of  GlaMhers 
l«&.    It  crystallizes  usually  in  long  fonr-sidcil  prisms,  terminated 
'diliedral  summits.     It  is  reiiuu'kably  etHoresceiit.  and  loses  the 
fhtile  of  its  10  atoms  of  water  by   mere  e.xpusnre,  at  conanoa 
ratures,  to  the  atmosphere.     It  lias  a  saline,  bitter  taste,  and 
i  occasionally  used  niedicinaUy  as  a  purgative. 
The  solubility  of  sidphate  of  sodium  in  water  offers  some  re- 
jaarkiiijle  anomalies  (55),  which  have  been  the  subject  of  many 
™<iairies,  the  most  complete  of  wbicli  are  those  of  Lowel.*      It 
li«sula»ady  been  mentioned  (7+)  that  a  boilitig  saturated  solution 
6f  thi.s  salt,  If  closed  hermetically,  may  be  kept  for  months  with- 
out crystallizing,  but  the  moment  that  air  is  admittc<l,  tlie  whole 
becomes  semi-solid,  from  the  sudden  formation  of  crystals  through 
"fi  mass.     It  is  most  probable  that  the  salt  exists  iu  the  super- 
•turiited  solution   in  the  form  of  the  anhydrous  salt,  and  that 
rstnUiztttion  occui's  when   any  circunrstaaee  occasions   the  for- 
mation of  the  less  soluble  iD-atom  hydrate.      The  cry^-tallizatioa 
'^f  siifU  a  solution  may,  for  example,  be  instantly  (k-tui'inined  by 
"'      :'iiig  in  a  fragment  of  the  sulphate,  or  Ijy  contact  with  a  rod 
J  iM  or  of  metal.     If,  however,  the  glass  rod  or  tlie  metallic 
*'i^  1)6  boiled  with  water,  and  allowed  to  cool  under  water  or  ia 
*  closed  vessel,  it  may  be  introduced  into  the  supersaturated  solu- 
tion without  causing  the  crystallization  vt  the  salt. 

Crystallized  sulphate  of  siMlium  is  soluble  in  hydrochloric  acid, 
With  great  depre^iou   of  temperature.      A  convenient  freezing 

•  Tliree  rorma  of  sulphate  of  sodium  may  be  obtaiBcd  in  crystals, — ria.  1.  the 
JJUiydroiii'  sulpbate;  2.  the  ordinaiy  ciystallized  sulphnto  with  10  HjO;  and  3.  the 
^J<lr»te  with  7  HjO,  whicli  crvstallizcs  in  rhombic  priaraa.  Each  of  these  varietita 
_§u  t  tpeeiSc  soJubilJt):    Tlie  10-aioui  hydratu  is  tho  least  Bolublo,  aad  \i\o  1-atom 
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mixinre  h  obtained  by  pouriii"^  5  parte  of  the  coramorcixJ 
upon  8  of  file  crystHllized  finlpmite. 

Sulphate  of  siMliuin,  to  wlik-li  the  name  of  ThbiardiU  hn 
been  ^'ivcn,  lin.!>  l>et;n  ua-t  with  nearly  pure  not  far  t'mni  Madrid 
dejw^sited  at  the  Ijottom  of  «otue  &aline  lakes,  in  ariliydrous  octo 
hedra.     It  hivs  likewise  been  fonnd,  not  far  frum  the  same  place^] 
eonibined  with  rfulphate  of  calcium,  as  Glaidteriie,  in   anhydrooi 
crystals  (Na,ea  S  SO,). 

hydrate  the  most  so  of  the  three  forms.    The  ibUowini;  table  (Lowsl,  ^im.  de  Chimit 
III.  xlix.  SO)  exhibits  the  Tarying  aoiubib'ty  of  each  form  of  the  solphate  of  : 
M  the  temperature  rises : — 

100  Parts  of  Water  vlitn  saluraitd  omtote,  of 


Anhydrous  salt. 

Salt  with  10  H,e. 

8sU  Willi  T 

U.O. 

Temp.  y. 

with 

with 

with 

wtth 

Anhydr. 

=  ion,o. 

Anliydr.=10H,e. 

Anhydr. = 7  n,« 

=  1«U,4>. 

31 

5-03       12-16 

19-62       44-84 

6»-23 

630 

»00      8304 

30  49       Id  90 

112  73 

65-9 

13-20       35-90 

37-43     105  79 

I'll  67 

64-4 

fi3-2S 

371 -97 

16-80       48-41 

4163     12469 

20000 

771 

62-76 

36151 

19-40       58-35 

44  73      14001 

231-40 

83-8 

51-53 

337-16 

28-00       98-48 

bZiH     188-46 

:ii»-j8 

87-3 

51-31 

333-06 

30-00     109-81 

6497     202-61 

41146 

89-3 

6037 

31619 

40-UO     184-09 

!>fl-f» 

49  71 

305-06 

6070     323-13 

M-0 

4963 

302-07 

86-00     412-22 

104-3 

48-78 

290-00 

113-1 

47-81 

27634 

12'i-7 

4(5- H  2 

201-36 

139'6 

45-42 

242-89 

169-3 

44-35 

239-87 

184-0 

42-86 

213-98 

217-7 

42-65 

210-67 

From  this  table  it  nppcBra  that  lh«  ioliiUh'ty  of  the  anhydrous  aolt 

from  64  -4  to  the  boilinfr-point  ('21 7 '"I)  of  the  Holntion.      Boloir  64"  th«< 
oonstitutioD  of  the  salt  la  changed,  ■  soturnted  solution  defxwIHnir.  in  Tfaii^lvl 
wiiifli  air  ia  excluded,  crystals  of  tl>e  7-«tom  hydrwte.      1"  ■ 
Tvlaiu  »H  uuii-h  aA  53-'.'5  of  the  auhydroua  siUt,  whilst  aX  ' 

purls  aro  held  in  solution.     Hcnco  if  a  solution  sftturated  »;  : 

btjiliritr,  without  allowini?  any  loas  of  liquid  by  evaporation,  it  will  U»ri,' 

gritty,  auliydrous  crystalB  more  than  one-finb  of  the  aalt  which  it  pn-^  '  ul  te  ' 

eolation. 

lb  the  case  of  the  leaDt  soluhle  form  of  the  sulphate,  the  1 0-ntora  hyilntc^  tbi 
lability  increases  until  the  toraperatoro  readies  93',  at  w" "  "  '  '  ilie  srH  llagtM 
I  lirinefy  in  its  w»r4.<r  of  crystaOiuition:  it»  mnleculnr  coi.  <-n  na^otgosa  A 

*diaii|jre,  and  i'  * ■■'  'jnulaally  ponvertpd  into  tho  an)i>v ..^  i...»ty,  whlci»4 

particular  ti  18  a  lowt-r  solubility  thiiii  the  hydratnd  salt,  and  ( 

is  partially  ^ ■  ;  crystalline  RTniu*. 

The  hydraie  wiLli  i  U,H  is  ujorc  suluble  than  eitlier  of  Uw>  foraKoiaR 
under  ordinary  cireuntftttncC'S  it  cunoot  exiM  in  onritwt  with  tbi«  *tinnHph«f<^  i 
only  (lipfv.sitrd  from  suiaT?iiniratt'<l  solir'  '  -Its 

have  bni'ti  uUow-ed  to  c-o^il  c-ovorcd  with  -  ■  mltsan? 

of  pnrti-''-^  -I'  ''-i^'  -■•■  -I"  i'---- '■-■  T..  .!t...  .,,,  ,,,....,u,  may  ■!• 

be  obi '  ■>  eapnri*  mat  •Itaf 

intr  it  t  iiaiam.      Is  w!mti 

modi'  the  er  ii»h1,  thaj 

from  rery  (jii,  i(.b**«lBW>t 
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Cryatallized  sulphate  of  sodium  also  frequently  occurs  in 
needli*  h8  an  efflureHcence  upon  plaster,  and  upon  brickwork  in 
dump  ;iituAr ions. 

I*iejMi/ation. — Sulphate  of  podiiun  h  made  from  oil  of  vitriol 
and  ciiniiiiitii  <Mih  Lu  cuoriuous  qumiritifs,  nn<lor  the  naiuo  of  aaft- 
eak«,  iftii  jH'eliniitiury  step  in  the  inauufiuiture  of  t-arUmate  of 
Bo<Jiunt.  The  i>jK.>ration  iri  fArrie<l  on  in  a  reverl»eratorv  furuac-e, 
Qounected  wiili  an  apparatus  for  condensing  the  hvdrix-ljloric  add, 
wliicL,  till  witJiiu  tlio  htot  few  yeai"s,  was  allowed  t«i  escape  into 
tJie  atnnispherc,  to  the  serioue  injury  of  ve<^etation  in  the  surronnd- 
inj;  difitriut.  One  of  the  best  turniis  of  furnace  i«  shown  in  section 
in  %.  333:  the  course  of  the  flaes,  however,  ia  not  exactly  Buch 

Fio.  333. 


is  there  re]>resente<i  :  A,  the  smaller  v)f  the  two  conipartnientri 

^liioh  conijKwe  the  tnmnoe,  is  of  east  iron  ;  into  this  (the  derom- 

jjitMf^r)  fmni  5  to  <•  ewt.  nf  eonnnun  salt  are  iiitrudut'ud,  and  an 

equal  weight  of  sulphuric  acid,  of  speeitie  gravity  I'd,  i«gn«lually 

inixeil  with  it,  a  gentle  heat  being  ap]>lied  to  the  outgide;  enor- 

jmi3  volumes  of  hydroehlinnc  aeid  ga^  are  disengaged,  and  paes 

by  the  flue,  d,  Ui  the  condentiing  towers,  e  and  f;  these  towere 

tilled  with  fragments  of  broken  coke  or  stone,  over  which  a 

)ntiniJtiu.*.  j«tream  of  water  is  caused  to  trickle  slowly  from  A,  A. 

when  riponeil  to  the  air,  or  when  thy  solution  is  allowocl  to  crystalliiw  around  thcra, 
or  whvD  (oachvd  with  »  gl«»s  rod.  The  solubilitv  of  the  7-atoui  hydrate  risen  with 
lb*  teropemtiiro.  la  is  ghowo  is  the  tnblo;  hut  tbia  t'orm  of  the  uilt  cannot  exist  n( 
|eTOpt>ntiiri«  nhfiTc  *<^ ' ;  for  when  heated  to  this  point  its  crystals  Ix^gin  to  liquefy 
ill  iiliiution;  and,  in  consequence  of  ft  moliteular ohan|<Q,  cryatols 

0  ^  are  Oqwsited. 

r-  I'.'tailg  it  will  lie  easy  to  perceive  why  it  is  that  a  hot  solution 

el  the  cryftals  so  slowly: — When  a  solutidn  of  sulphate  of  soilium, 

•af.if.!  ;wiint,  is  poured  iulo  an  open  capsule,  a  fllni  of  eryntJils  of 

t!  is  formed  at  first  upon  its  surface,  owing  to  the  rapid  evapo-  ■ 

r  ■ ':"  solvent.     No  crystals,  however,  are  deposited  in  the  body 

1  riituro  has  fiillen  to  about  91 '.  The  fllm  of  crystals  first 
f  mI,  and  crystals  of  the  10-atom  hydrate  are  fni-ined  as 
lb«' Mifii"  ri  fall  If  the  solution  be  evaporated  at  tempornfurcn 
■>0To  1>'>'.  u-  ilieilra  of  the  anhvilroua  salt  are  produced:  but  if  a 
kvib?  tniu:  .  billowed  to  cool  lu  closcd  Tcasela,  no  crystals  are  depos* 
H«4  Bi'                  n  •mture  foils  to  64°,  whea  oblique  rhombic  prisma  o{  tke  tiiVita 
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A  i^teiidy  current  of  air  ie  drawn  throuffh  the  fumnce  )in>f  c< 
denying  towers,  by  comiectuig  the  tiret  tower  with  thf  .K'<.'«iiiii, 
reprenented  at  ^,  aud  tlie  second  tower  with  tlie  main  chiiiinev. 
of  the  works.     In  tJie  first  Ited  of  the  furnace,  abont  hiUf  tJx 
hydrochloric  acid  is  exj^elled  from  the  salt :  the  pji^ty  iu»sp  tb 
produced  is  then  riushtnl  through  a  door  for  the  purpose  iirto  the 
roatii^er,  or  6e<rona  division,  b,  of  the  tiimace.     In  thic;  6t«te  it 
consist*  of  a  mixture  of  acid  6tdphate  of  thulium  and  undeconi|xi!i«| 
sidt.     The  reaction  in  the  fii-^t  bed  of  the  furnace  may  he  n?pr> 
seuted  ag.  follows : — 

2  NaCi-i-n.se.=NaCH-Nanse.+nc]. 

In  the  second  stage  of  the  operation  a  liigher  teraperatnre 
id  required ;  the  acid  sulphate  ot  s<Klinm  then  reacts  niKai  the 
uiR'haniriHl  chloride,  and  trie  convei>iii<  m  into  nonnal  snl|>nate  t»f 
HKliuni  is  complete;  thus  NaCl  +  Xan:?iO.=  IICl  +  Xii,SO,.  The 
hvdnK'hloric  acid  ga,s,  jis  it  is  lilterated  from  ii,  passes  off  tliPtuiph 
the  tine,  f/,  and  is  carried  on  to  tlie  condensing  towers.  Ik-nt  is 
apjilied  to  the  outside  of  the  roaster,  u;  the  smoke  and  pHxlnctB 
of  combustion  circidate  in  separate  flues  around  the  chauilter,  in 
the  direction  iuditnited  by  the  arrows,  but  never  come  into  con- 
tact with  the  salt-cake  in  b. 

Svlphate  of  Pvtus^iian  and  Soflium  (NaK,2  SO,,  Penny ;  t^. 
Gr.  2'fif)8). — ^This  double  «dt  is  anliydrone;  it  may  be  fomie<l  % 
dissolving  the  two  salts  in  water  and  evHj)oratinp.  Glail^tune 
has  shown  that  the  employment  of  a  laro;e  excess  of  sul|;}iuto 
of  sodium  does  not  alter  the  comptfciition  ot  the  salt,  the  suli>liato 
of  sodium  in  excess  crystallizing  m  its  nsual  fonu. 

It  is  obtained  upon  a  large  scale  from  kelp  liquors  during  tlic 
manufacture  of  iodine,  and  is  known  under  the  name  oi pltitetui' 
pkate,  from  the  manner  in  which  it  is  deposited  in  hard  crybtal* 
Tine  layers  or  jilates,  uj>on  the  sides  of  the  crystallizing  vnts 
During  the  act  of  crystallizing  it  emits  vivid  scintillations  o! 
phosjihorcscent  light:  this  ]>h<isphorescence  is  mifst  striking  wl 
the  tenijierature  is  near  IDU'^  F.  A  very  brilliant  eflect  is  pro 
duceti  by  dashing  a  pailful  of  the  warm  mother-liqtior  upon  a  en>] 
of  crystals  in  a  vat  \\\yvi\  which  the  mother-liquor  has  been  tkain 
oft"  a  few  hours  previoiisly. 

An  Acid  «S'M/yy/«7Ct?  or  Sodium,  often  called  hifrulphat*  nftoda 
(NaHSe,  or  Na<},H(_),2  SO,=  120;  .S>.  Gr.  2-742)  corrcsiwndinj 
to  the  acid  siilj)liate  of  potiussium,  may  Ije  formed.  It  is  mor 
easily  deprived  of  bitsic  hvdrogen  bv  heat  than  the  acid  sulphat 
of  potaj^sium ;  2  NallSO",  yielding"  Na,t>;O..SO,  +  H.O,  Thi 
ariliydro-saU,  by  a  stronger  heat  lf)se8  its  sulphuric  anhydrid 
and  may  hence  be  employed  as  a  convenient  source  of  this  anhy 
dride  (416). 

(587)  SiTJPHrrE  op  Sodu-m  CN^aSO,,  7  H,e  =  126  +  126 
^■80,80,,  7  Aq=r.3  +  G3  ;  Sp.  Gr.  1-73G)  is  now  prepared  largel; 
under  the  naine  of  antirhlore,  for  the  purpose  of  removitig  tli' 
last  traces  of  chlorine  from  the  blen'-hed  pulp  obtained  from  nig 
ill  the  manufacture  o^  \iapeY.     ^'  '     •vxo^i\Me<i\i^  ^vjasMMj^-ovvl^^Uu- 
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anhydride,  obtained  by  the  combu&tion  of  .sulphur  in  air, 
rmoiftened  ciTstalsof  carbotiato  of  wkIIuiii,  so  loiij;  as  tlie  acid 

is  absorbed,  the  iniiss  is  dissolved  in  water  ami  erystallized. 
^hite  of  stxlium  forms  efflorescent,  obli(jue  prii^ius.,  wliieh  fuse 
13" ;  they  are  sohible  in  about  4  parts  of  cold  water :  the  solu- 
I  has  a  shghtly  alkaline  reaction  and  a  sulphurous  taste. 
An  Acid  Sul'phite  of  Sodium  (NaHSO,)  may  be  obtained  in 

■^ )  NrrEATE  OF  Sodium,  or  CuJnc  Niir«,  (NaNO,  or  Js'aOj 
2iO,=85 ;  Sp.  Gr.  2-26),  occurs  abundantly  2  or  3  feet  below  the 
enrfuce  of  tne  soil  near  Iquique,  iu  the  distinct  of  Atacaina,  iu 
Pern.  It  is  a  somewhat  delitiuescent  salt,  and  is  soluMe  in  about 
Iwic-e  its  weight  of  cold  water:  it  crystallizes  in  obtuse  rhombo- 
Ledra,  and  has  a  cooling,  saline  taste.  When  heated,  it  fuses  at 
591",  and  at  a  higher  temperature  it  nndergties  dt'coinpooition. 
It  i»  employed  in  the  manufacture  of  niti-ic  and  sul[ilairic  acids, 
but  frdiii  its  deliquescence  cannot  be  substituted  for  nitrate  ot 
[Kitajisium  in  gun]«jwder.  It  is  frequently  used  Jis  a  mjinure,  aa 
in  top-dressing  barley. 

(aSOj  Cabtonate  of  Sodium  (Na,ee„10  H,0=l(»6  +  ISO,  or 
NaO.CO,,  10  Aq=53  +  90);  Si).  &r.,  anhydrauH,  2-509,  cnfst. 
■•454;  Comp.  in  HX) parts  of  dry  salt,  Xa,^,  58-4i» ;  GO,,  41-51 ; 

Bt.  U,e,  02-93;  Na,e,  21 -(38";  OB,,  15-39.— The  preparation 

this  salt  constitutes  one  of  the  most  important  branches  of  che- 
mica]  manufacture  in  this  country,  immense  qiuitititics  of  it  being 
CHmsQiued  in  the  production  of  glass,  in  the  fiibricHtion  ofsoap, 
will  in  the  preparation  of  tlie  various  citnipoiiiuk  ofsixlium,  be- 
ade«  a  considerable  consumption  as  a  detergent  by  tlie  calicor 
priuter,  as  well  as  in  the  laundry  for  softening  liui'd  waters  by 
precipitating  the  salts  of  calcium  and  iniignesiuin.  (.'onipounda 
of  sodium,  from  their  lower  price,  are  now  substituted  iu  a  great 
nimibtT  of  cases  in  which  tlutse  of  iJ)>tassium  were  tormerly  em- 
I'l'jml,  but  there  are  a  few  iu  which  their  sub>lituti<in  is  not 
practicable:  nitrate  of  potassium  is  still  required  iu  the  manufac- 
ture of  gimpowder;  in  the  fiiicj^t  varieties  of  glass,  ptptash  is  used 
W)  account  of  the  green  tint  occasioned  by  soda ;  and  cldorate, 
flitoniate.s,  and  tartrate  of  potsissium,  a.s  well  as  the  cyanogeu 
«irapoun(U  of  i)ota86ium,  still  are  preferred  to  the  corresponding 
»lt8  of  sodium. 

The  greater  jwrtinn  of  the  carbonate  of  sodium  formerly  em- 
ployed Wii3  obtained  from  hnri/Jit,  whicfi  is  the  asli  funiished  by 
burnhig  marine  plants.  The  tSafwhi  swia  Wiis  extensively  culti- 
T>led  fi<r  this  purjxKse  on  tiie  southern  coast  of  Spain,  and  on 
l*ing  burnt,  it  yields  a  semi-vitritied  mass,  which  contains  from 
25  to  30  ner  cent,  of  cai-bMnate  of  sodium.  The  S<i^iconiia  was 
ciltivatea  for  a  similar  purpose  on  the  southern  coast  of  France; 
'"It  these  sources  of  supply  have  almost  entirely  given  way  to  a 
proccsa  by  which  the  cai'bonate  may  be  mamifactured  from 
Ma^alt. 

Manufacture. — In  the  process  of  manufacture  a  rough  sul- 
pliate  of  eodium  ia  iirst  formed^  in  the  manner  alreadj  deftt:r\b<id 
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(M^      The  solphate  of  Bodium  if  tr 

pmrdered  oaal  in  the  proportion  of  : 

•MBnm.  3  of  chftlk,  and  1\  or  3  nf  coal;  this  ntmure  \i\h 

in  qnantitiee  of  about  2^  cwrc.  at  a  time,  into  a  hot  reverU 

fomac^v  and   freqnentlj  etirrcd^   until   the  maes  is  tlior 

The  furnace,  fig.  334^  is  constmcted  with  two  cioors,  n.  t,  \ 
%  duoble  duor,  b,  c;  ooe  chazge  is  iatrodoccd  at  tiie  further  i 


K.  whilst  another,  nearer  the  fire,  is  fhsing  at  b  ;  towards  the  con- 
clu>it<n  of  tlie  operation  the  nia=«  melt$,  and  effervcsfcs  violenflf  I 
fr>i>ni  the  e^-a{ie  of  cHrlnmio  oxide  jjas,  which  biini*  with  a  greenun  I 
or  j-vl!.'"     ■         ;  the  nia^  is  siinvd  brisklv  for  a  few  nunutei,»iitl| 
wh»>n  (•  V  and  tranquilly  ftirH>d,  is  raked  out  into  a  winuHJ 

i :  when  cold,  this  lotit'  is  turned  out  and  foniiij 
k  tt^,  contaiuing  fri>m  20  to  27  per  cent.  i»f  pnn 
8oda,  mixed  with  sulphide  of  calcium,  quicklime,  and  nnhunie 
Oi>al.     In  order  to  extract  the  salts  of  sodium  from  it,  the  bii 
ash  is  hn>ken  up  into  coarae  fragment*,  and  di^^sted  with 
wjiter  for  six  hours,  in  vats  pni\'ide<l  with  false  bottoms :  thJ 
W'lshim;  is  systematically  carried  on  till  the  soluble  ixirtious 
extriictet.!,  the  hist  washings  being  employed  to  act  u{>on 
jR^rtions  of  b:dl  soda. 

One  of  the  fonns  of  apparatus  for  the  lixiviation  of  ball 
is  shown  in  fig.  3;}5.     The  principle  on  which  it  is  constructed 
simple,  but  it  admits  of  extensive  application  ;  for  in  niauv  ca 
mnch  of  the  economy  of  a  manufacturing  process  depends  tij 
the  systematic  washing  of  the  product  in  such  a  manner  m 
extrjK't   the  lHr<;«.t  amount  of  soluble  matter  by  nieaii>  of  tl 
eiuidlcst  t|U!inrity  of  water,  in  order  to  reduce  to  a  miniuiuni  tl 
time  and  qutuitity  of  fuel  ri3<pn'red  to  eft'ect  the  sulisequent  evaf 
rations.     In  the  case  liefore  us  this  is  eti'ected  by  ]»hicing 
inuterlul  for  Imvialion — ^viic  \Awi>r.  *^^vn. -^^jAw^xjA^liftfiit-l 
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H,  n,  which  can  be  raised  or  lowered  into  outer  Urinating 
bIa,  also  luude  of  iron,  by  means  of  the  cords  ami  [niikns,  i,  k. 
a  charge  is  received  from  the  furnace  it  is  introduced  into 
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FlO.  335. 
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le  lowf:*t  vessel,  o,  wliere  it  is  sulmiitteU  to  the  disj^Dlviug  uction 
of  a  liquid  already  highly  ohargetl  with  alkiUi  by  dii^ewstion  upon 
■^T  black  ash  contained  in  the  tanks  above  it :  at\er  a  certain  time 
iciiarge  id  raised  b}'  the  mjie  fnnn  o  into  tlie  tank,  f,  where  it 
liniitted  to  a  weaker  liquid,  and  6o  on,  Bucces^sively.  The 
»!l>Hli  fit  each  staij;e  beconief*  more  eonipletely  exliausted,  and  the 
^due  is  successively  submitted  to  the  action  of  weaker  ley,  till 
;th,  in  a,  it  is  acted  upon  by  water  only,  supplied  from  the 
L.  When  fresh  water  is  admitted  from  w,  to  the  top  of 
Be  refesel,  a,  as  it  is  spccitieaily  lighter  than  the  Bidine  solution, 
11  lie*  upon  its  surface,  and  frraduully  displaees  the  eohitiou  from 
A, tliroueh  the  bent  tulio,  whilst  tlie  water  takes  its  place;  the 
li'iniil  from  a  acts  in  a  similar  manner  upon  that  cnutainod  m  b; 
"ujtjjis  displacement  proceeds  piiMiiltaiicoiisly  tlu'ough  each  buc- 
(x^ivo  tier  of  the  arrangement,  until  the  cuneeutrated  ley  flows 
off  from  o,  and  is  transferred  to  the  evaporating  pans.* 

Almost  the  whole  of  the  suli>liur  origiiuilly  present  in  tliesalt- 
cslte  ii!  retained  in  the  iasululjle  residue  in  the  form  of  sulphide 
iCiileium,  together  with  the  excess  of  lime  and  cimj!  (rm[>loyed. 
ccumulates  at  the  soda  works  till  it  forms  a  nMuntain  of  autla 

A  Etill  more  conTBaient  arrootromcat  in  whidi  nil  th«  tanks  are  upon  the  «ame 

,  w  aow  in  cobudod  use  id  the  alkuli  works  of  tliist  country.     Tliu  chaiyo  after  it 

^QOoe  been  introduced  into  tho  taiik   is  not  rtraovcd  npain  aiitil  completely  ex- 

mud.    By  a  suitable  BrmnBemerit  of  pipes  wch  tnnk  wii  be  iim'lo  in  succession 

■fte  rwripictit  of  tht<  friwL  water,  or  of  leys  of  (frodually  increofiiiiff  strenffili  dcriTcd 
l!huutbe  ueighbiHiriji^  tanks;  advoutBgc  bi-iujc  tuki-a  oftlio  fsiot,  thai  us  tin.'  suhition 
imorc  hiiK'lily  cbarifed  with  tht-  soluble  mntorinl,  tho  hoijflit  of  th*  coluinii,  or 
kitvol,  in  each  bu(k»bkiv(-  vat  stnnUs  proi<rp?eiTely  lower,  until  tho  Kquid 
saturated ;  and  thus  a  coDtinuoiie  flow  of  llriuid  throu;; li  the  system  is 
maiiitaiuiid.    ( CXffmieaJ  TecAuo/o^,  fficAardtoa  <fc  WatU,  2nd  od,  vo\.  1.  pail  \vL'5, 1^1  \ 
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to  the  aimovance  both  of  the  neighbourhood  and  of  ih 
iannfa<.'tnrer. 

The  wjit'.T  for  lixiviation  mu*t  not  be  eraployed  ut  h  t^mpj 
ratm-c  i\c».-e<linj;  11"°, otherwise  the  6iilplii<le  of  cak-iuiii  icdecooi 
po&ed  intn  a  mixture  of  sulith-hydrate.  which  is  soluble,  and  bvdnt 
of  lime  ;  2  t:aS  +  :2  H,0  beeoining  OaS,U,S  +  OaO,H,e.  audthi 
snlph-hvdrate  innnediately  reactij  upon  the  carbonate  of  sodfttn 
fiiniiphin^  Hiili>hide  of  sodium  and  earlxtnate  of  ealciiuu.  whili 
tlie  hvdr<<*uh)hiiric  acid  converts  the  oaHAtic  s«Hia  uit«t  i^uliitiide: 

,  eaS,U.i^  -f  N H,ee. + 2  Naiie =2  Xa,6  +  ea^o,  +  2  n,e.  hi 

'black   inolutiitn    thus   obtained  U  allnwed  to  settle,  and  in  tli 

Cnmped  «p  into  large  s^halluw  inm  ]nm^,  where  it  is  ovaptjnittd 
,V  tiie  waste  heat  from  tlie  black-ai-h  funiaces.  A  larjre  portiotti 
oji*  tlie  salt  crvstallizes  during  the  ebullition,  and  is  remordd  by 
means  of  pert\>rated  ladless.  In  order  to  convert  the  uiui.tic  dim 
\rhich  the  t^^ilution  contains  into  carlionate,  it  is  evaporated  lo 
dryness,  and  after  t>einjr  mixed  witJi  al»out  a  seventh  of  its  Tcij^ht 
of  sawdust,  is  roasted  in  a  reverberatory  funiaee  ;  must  nf  iti'snl' 
phur  escapes  during  this  o|)eration  in  the  form  of  suliiliiin>u» 
anhydride,  the  residue  yields  tlie  *o</«i  a^/t,  or  alkali  of  cuuirneree, 
which  contains  about  50  per  cent,  of  pure  caustic  alkali,  ^11,6. 
If  re<juired  in  crystals,  the  cnide  carlx>nate  thus  obtaiued  is  re- 
dUeolvetl,  the  liquid  allowed  to  settle,  and,  while  hut,  is  run  iato 
deep  pans,  capable  of  containing  150  gallons  of  Ii«iuid,  and  uboat 
a  ton  of  crvstallized  carlxmate.  Tlie  lifjuid  cools  m  the  course  of 
live  or  six  Jays,  and  crystals  of  large  size  are  forme<l ;  the  uiotl)e> 
liquor,  which  is  drained  off  by  withdrawing  a  ph'g  in  the  l:)ottoin, 
is  then  further  evai)orated  down,  and  yields  an  ash  of  inferior  qiialiw. 

The  preparation  of  carbonate  of  sodiiun,  therefore,  compritei 
three  princijial  *.>peration3: — 

1st,  The  prouHction  of  mlt-calr,  or  crude  sulphate  of  Bodinnii 
from  common  salt,  by  the  action  of  snlpjiuric  acid. 

2nd.  The  making  oi  bl^ivk  a^h,  or  inpure  carbonate  of  sodinin, 
niixetl  with  sulphide  of  calcium,  by  deoxidation  of  the  6alt-c*k( 
after  mixtiu-e  with  chalk,  by  mciuis  of  carbon. 

3rd.  The  prepfU'ation  of  sofla  ash^  or  the  separation  of  th 
carbonate  of  sodium  trom  the  black  ash  by  lisiviatiug  the  latti 
in  warm  water,  and  evaporating  the  solution  to  dryness. 

Of  these  operations  the  most  remarkable  is  the  preparation  1 
the  black  ash,  by  fusion  of  the  sulphate  with  chalk  and  co« 
The  chemical  changes  which  occur  consist,  first  in  the  deoxidatioi 
of  the  salt-cake,  and  its  conversion  into  sulphide  of  so<liinu  wit 
evolutiitn  of  carbonic  oxide;  and,  secondly,  in  the  fonnation  C 
carltonate  of  sodium  and  sulphide  of  calcium  by  iurerclmng 
of  the  constituents  of  the  sulphide  of  sodium  and  caj-lxinate  «J 
calciou).*  "piese  reactions  occur  simultaneoaslj,  and  may  \ 
reprefieated  in  the  following  equation : — 

Na,Be.  +  26.  +  €aee,  =  OaS  +  4  ee  +  Na,ee,. 

*  Monosulphide  of  oddnm  ia,  u  Mr.  Gossage  haa  pointed  out,  noarljr  iD<olubh 
oold  '(TDter.     Oxyralphido  of  calcium.  suppot>e<t  hj  Dumas  to  he  formed,  aiiJ  to  ~ 
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An  oxces*  l>otb  of  coal  and  of  chalk  is  always  employed  in 
[jtiee.  as  a  gix>d  deal  of  coal  bums  ofi*  unavoiilably,  and  an 
[extreff  of  chalk  is  needed  to  prevent  the  formation  of  a  poly- 
itolplii'le  «.»f  calcium.  Thi-»  chiilk  becomes  quicklime  in  tlie 
[tiniflce.  and  when*  the  hall  is  lixiviated,  tlie  hydrate  of  lime  at 
,  produced  is  converted  into  carbonate,  while  iiydrate  of  soda 
aed  in  equivalent  quantity  (Gowaffe).  Many  attempts  liave 
made  to  recover  the  sulphur  from  the  soda  waste,  but  hitherto 
^without  commercial  success. 

Yarious  proces>**es  have,  from  time  tr)  time,  been  prnposed,  to 

rwde  the  one  just  described,  which  was  invented  liy  Lcblunc; 

of  late  years  works  on  a  considerable  peak'  !mvc  been  estab- 

in  which,  upon  a  plan  patented  by  Mr.  Lonjjmaid,  by 

jng  iron  or  copper  pTOtes  directly  with  chloride  oi  sodium,  a 

hate  of  604lium  has  been  obtained  without  the  preliminary 

tnanntkcture  of  oil  of  vitriol,  whilst  chlorine  is  evolved.     The 

i  with  iron  pyrites  is,  4  FeS,  +  lf»  N:iCl  +  l!>G,=2Fe,0,+ 

>,  +  8  CI,.     A  portion  of  the  sulpltnr,  Imwever,  always 

burns  utf  in  the  form  of  sulphurous  anhydride.     By  tlie  cin])loy- 

mentof  poor  ores  of  copper  and  tin,  it  has  been  found  pustible  to 

ejctract  these  metals  with  advaiitiiiie  from  materials  which  would 

Dot  iithcrwise  have  paid  for  w<»rkin";. 

f'roj)erti(!^. — Carbonate  of  sodium  lisis  a  nauseous  alktdine 
l«ste;  it  is  an  efflore^ent  salt,  ustudly  ciystalliziiig  In  lari^e  trans- 
parent rliomlx>idal  prisms,  which  are  soluble  in  any  ]>r«:>portion 
m  hot  water,  and  even  melt  in  tbeir  water  of  crystuliization  ; 
they  are  also  very  soluble  in  cnlil  wnter.  The  salt  readily  parts 
witli  its  water,  and  melt^  at  a  red  heat.  If  crystallized  at  a  tem- 
pemture  of  —-4°,  an  unstable  hydrate  with  15  II,0  may  be 
obuine<l  (Jacquelain).  Mitscherlieh  l»is  also  obtained  carbonate 
of  sodium  crystallized  with  6  11,0.  K  crystallized  above  f*3°, 
the  salt  is  deposited  in  forms  derived  from  tlie  s«juare-based 
^-^hedron,  which  contain  5  II,0  ;  whilst,  if  crystallizi'd  between 
188"  and  176°,  four-sided  prisms  are  produced,  which  conlaiu 
only  HjO  (Berzelins).  Solutions  of  carlK>nate  of  sodium  may, 
Uncording  to  Lowel  (Ann.  de  Chiinle,  III.  xxxiii.  382),  be  ob- 
tained in  the  condition  of  supensaturatirm,  liy  adojiting  precau- 
tions similar  to  those  nientione<l  when  speakitxg  of  the  sul[ihate. 
The  carbonate  exhibits  a  maximum  soluldlitv  at  KX)^  F. ;  the 
oecrt'iise  of  solubility  al»ove  this  iioiiit  arises  from  the  formation 
iiftlie  hydrate  (Na,t^^>„  H.^B),  and  this  is  deposited  wheu  a 
*jlntion  saturated  at  21'.)"'  is  concentrated  by  lioiling.* 

(5ti(»)  Acid  Carhoiuiie  of  Sodium^  or    Bicarbonate  of  Soda 

•This  hydroto  is  more  soluble  in  cold  thnn  in  Tiot  water,  and  bocomer  rodissolved 
In  the  niot1i(>Tmqiior  if  allowed  to  conl.  The  supersaturated  aotution  contains  n  hy- 
diat*  Mitli  7  H,0.  Lowel  describes  two  modiflcjitions  of  thia  t-atom  hydrate,  which 
differ  in  solubility  and  in  crygtalline  form  :  one  variety,  a.  Is  deposited  in  rhombolie- 
^  crystals,  if  a  solution  saturated  at  the  boiling-point  be  corked  whilst  boiling,  and 
•llowed  to  cool  down  to  between  30'  and  60°,  but  it  is  redisaolved  on  raiginKthe  tem- 
perature to  70':  and  on  coolin?  down  to  between  40'  and  50",  the  raodificatiou  6  is 
a*{K»it*d  in  square  tables.  If  cooled  below  40'  ilie  solution  gn\dually  deposits  tho 
10-alom  Lydnttf,  aiid  tha  ooDditiao  ^  «up«r8«turattoa  ceases.    Tlie  foU.O'wm^  t&bVa 


I^Hee^ 


T(^ 


»  MmaK  aAMioa  of  di«  neDlzml  carbonate  with 

af  beat ;  and  Ob  ili«  lii 

die  ^otncuite,  thk  prucesg  is  emplu 

fiuDit]ieet.iiiimercialcry&ta]s:  t,>r<ii 

vitb  eold  wat^*  till  Uie  vai^ 

aid  Aloridee,  a  pme  yearbonaie  » 

naDB&ctared  apon  &  lvg«  scale  \f 

ajltoliof  eavlMxaate  of  eoditim  vith  irattf, 

to  the  depUi  of  3  or  3  mcbesi,  a 

to  ft  cnrcm  of  gMoowt  carboaic 

dfee  waier  af  cnaliffiatfiaB  jb  HfMcated  daring  tlie 

ably.     Tlie  g^nicarbut> 

le  operariop  proceeda  it  i^  ceureitd 

he  lacKlxmite  crTstallizes  in  rectaii^^nltf 

m^pife  10  partB  of  vTHter  for  ^Intiou  it 

anpertfiuiK.     If  its  stulocwti  be  beated,  it  loaes  otuviilf 

#|BS«a]isU  of  earboDic  acid.  sihI  i«  tymrcrtfti 

At  a  rad  beat  the  i«lt  k  cwavcrttfil  iu;*^  tJw 


A  ^tro  ?■■  ■?!  ■■  T 1 II  i<>  V  &Aai  (^  Xa,ee„ii.eo..  a  ii.d 

=2T4->4,  or  a  X*OJiO.  3  CO. .  3  Aq=13r+:27>,  whidi,  iuiw- 
erer.  alcsj^  aatt^^  ^atptiito  asii  eUoride  uf  gotlium.  biw  liotfl 
loag  ksowm  ia  osmmamva  m  inmm  or  aafriai .'  it  is  chied v  vl  >tAiiwil 
aft  a  aaEae  t0LmmemBe  on  the  bordoa  of  some  lakes,'  of  vkid 
tbose  of  Ee;T|auvtbpbc^kai.iTii.  Hany  other  countries,  howevo', 
sacb  ar  ib^i^  ia  tbe  tM^lwurbcood  of  tlie  Black  and  the  Ca^piia 
Seasya^vellae-30ia«paf^uf  TbilitHt  and  of  Siberia,  ako  faniifeli  tliit 
salt.  It  c7T?taItiae&  la  rfwMiabig  prisma.,  terminut^  by  foor^iried 
prramids;  it  is  les&  gohtbfe  dkan  the  earboa&te^  but  more  so  tiiiD 
Uke  hicarKMiate.  and  faa^  a  fa^blr  alkaHne  reactian. 

Tbe  cari?onate&  c€  so^iloot  and  potasaiom,  when  melted  to- 
eedfeer  in  theprc^rtifra  of  1  atom  of  ea^  readily  combioe  and 
forra  a  'Sadt  vbicn  ttases  at  a  lov^  tefnperattirB  than  either  of  i^  ' 

gjiiw  •  moqpantiw  tIfv  cf  tbt  ^amliJite'  «f  Ife  lO-ateoi  fardrste,  and  the  twon^ 
tiM  of  tk»  •-ataB  fc[fiiti  I  III! MM  I  ia  im  fasts  of  tbe  UtantBd  ■olotiaa*  rtdfA^ 
Ml  Mvpentsna?— ' 

1»^  yv«  if  Wktar,  wk 


X^IPOk  le  H,0 

tatt. 

* *^^ 

N*,€e^7n.e(BV 

salt. 

Ctjsii   OrstttlAnliyTir.    Cirsii  Oj** 
wiA       tri-A  I    BilL        With        «ith 

T  H.o  1.  i©H»ei         7  H.e.  a.  i(ia.e 

M 

6-*i 

21  « 

S0-S9 

iS-Sa       84-38 

31-93   iia*t  istn 

50 

121)6 

40-94 

26  33 

83-»4     12S57 

37-86     150-47    38613 

59 

16-20 

63-20 

29  JS 

liWDO     160-51 

41-65     179-M    381-J* 

es 

31-71 

92S3 

3S-55 

12-2-25     210-58 

46-7»     X30-30    556-11 

77 

23-50 

149-13 

3S-07 

152-36     290-91 

86 

37-34 

273-«4 

43  4« 

196^    44T-93 

loo-* 

51*1 

1142-17 

■ 

219-3 

45-47 

539-63 

• 

Its.  On  account  of  ite  ready  fiBibi'lity,  this  mixtnre  is 
efcrrtii  to  carbonate  of  potas8ium  or  piirlHtnato  ot'Ao<liimi  iiloucs, 

lis  of  decomp«?sinj;  siliceous  minerals  in  analyficsil  opera- 

i>.     If  cjirbfinate  of  sodium  l>e  diiwolved  in  a  solution  of 
of  {iotassium  in   uxcesis,  the  Bohition,  on  ovii|KM'Htion, 

iiif.parent  crystals  which,  according  to  Mjirgucritt*?,  con- 
ptof  2  Xa,eO„K,^, .  IS  II,0:  this  salt  is  decomposed  if  it 
^  Kttcmpteil  to  recryst^lize  it^  aqueous  solution,  carbonate  of 
^uui  lieing  depoe.ited. 

(501)  Phosphates  of  Somfm. — Phosphoric  acid  IVirms  with 
Itdium  several  crystallLzable  salts :  some  accfiunt  has  already  beoa 
|{i?en  of  these  compounds  (448,  4-ti),  450). 

Xorjiui?  Trihwiic  Phosphate  of  Sodi  mn,  or  Suhphosphate  qf 

. .Pe, .  12  li.e,  or  3  NaO.'PO, .  24  Aq  =  1«54  +  21f!) ;  Sp. 
,  .'.  l"rii;2. — This  salt  in  prepared  from  the  rhombic  phos- 
phate by  adding  caustic  i^oda  to  its  solution  till  it  feels  soapy  to 
lJ«e  finger?..  It  crv»tftllLze«  readily  in  small  prisms,  which  efflo- 
HBbceiii  tlie  air,  and  gradually  alworb  carlMmic  acid.  A  remark- 
•blc  double  salt  of  this  phosphate  with  fluoride  of  sodium 
(SaF,Na,PO,  .  12  II,0)  was  obtained  by  Briegleb,  by  fnsing  the 
rlionihic  phosphate  of  sodium  with  fluoride  of  calcium  and  car- 
biwiRte  of  s«Miium  :  and  also  by  digesting  ])owdered  cryolite  with 
I  mixture  of  phos]>hate  of  sodium  an«l  caustic  soda. 

Rhnmhlc  Phosphate  of  Sodium  (Na,HPO.  .  12  H.O,  or 
3  NftO,lI(),PO. .  24  Aq  =  142  +  216)  ;  Sp.  Or.  cryst.  1-5S6; 
Kopp. — This  salt  is  the  one  from  which  most  of  tlie  jihosphates 
m'rurTiicd:   it  is  the  one  wliich  liajs  been  longest  kno%m,  and  is 

inonh' called  phosphate  of  soila.      It  ls  Itest  ivri>curc<l  l»y 

ing  with  carbonate  of  sodium  the  acid  pliospluite  of 
Cttlciuin.  prepared  as  directed  for  obtaining  phos|>lioi'us  (i4.''i);  by 
tliis  means  carboiuite  of  calcium  is  precipitated,  and  alhiwed  to 
Mbsiile  ;  the  clear  liquid  is  then  decanted  fmm  the  prcci]>itate, 
eTO]Kirated  if  necessary,  and  set  aside  to  crystallize.  Pliosphate 
of  Sodium  forms  large,  transparent,  etfloresccnt  rhoml>ic  prisms: 
thi'y  have  a  cooling  saline  taste,  and  are  soluble  in  4  parts  of 
Cold  water;  at  9^  they  fuse  in  their  water  of  crystallization,  and 

Kierefore  soluble  in  boiling  water  to  an  unlimited  extent ;  the 
on  has  a  faintly  alkaline  reaction.  It  corrodes  flint-glass 
«>ttles,anil  ocf-asions  the  separation  of  white  siliceous  flakes  from 
tieir  surface.  Clark  found  that  when  the  solution  of  this  salt  is 
fivaporated  at  temperatures  al)ove  90°,  die  salt  crystallizes  with  7 
*toDis  of  water,  and  is  not  efliorescent ;  in  both  fonns  it  is  isotnor- 
Pli<,ms  with  the  corresponding  arseniate  of  sodium.  If  heated  to 
Wf^'it  loses  all  its  water  of  crystallization  ;  but  if  rodissolved  in 
jester,  it  may  be  obtained  from  its  solution  with  all  its  ebaracter- 
stic  properties.  If  a  solution  of  this  phosphate  bo  mixed  with 
'fee  phosphoric  acid,  until  it  ceases  to  ]>rccipitatc  chloride  of 
Mrinin,  another  phosphate  is  pnnUutcd,  fonncrlv  known  as  the 
\ipho»phate  qf  mda  (NaH.PO,  .  11,0,  or  2  HO,KaO,PO„  2  Aq 
t  120  4-  IS) ;  it  crystallizes  with  difiiculty  in  right  rhombic 
?riums,  and  has  a  strongly  acid  reaction. 
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All  tlie&e  are  tribapi'c  phosphates;   they  precipitate  nitrat 
silver  of  a  velkiw  colour. 

Prirop}'><>Ki,haU  of  SixJlum  CN"a.P,0,.  1<^  11,^  =  2GG  +  150, 
or  2  ^\a().P(),,  10  Aq  =  133  +  90)  ,S>.  (rr.  cryni.  1-S3<;.— If  th4»_ 
rlioiubic  ]jliu!ipliate  be  i<j^nite<l  it  loses  all  its  water,  ami  on  ll»(  ~ 
treating  it  with  water,  anew  dibasic  salt  is  dissolved,  wlii<';h  cr 
tallizes   in   prising.     Its  eolution  has  an  alkaline   rea(;tii>n, 
yields  a  dense  white  precijiitate  with  nitrate  of  silver,  wliicli 
not  cliange<l  >>v  e.vj)osiu'e  to  light. 

MdxiphmphaU  of  Sodhim  (NaPO,,  or  NaO,P(),  =  102).- 
If  niicroeosniic  salt,  or  if  the  acid  tribasic  phospjiate,  or  the  %*iM 
pvnijihi>;phate  »if  sodium  be  heated   to  redness,  all  the  vol»til( 
oases  are  expelled,  the  residue  fuses  to  a  clear  glass,  and  on 
dissolving,  the  njctuphosphateor  monobasic  phi>sphate<.>f  Mxliur 
is  obtained.     It  forms  a  deliquescent  and  ven'  soluble  salt,  wljid? 
has  a  feebly  aeid  reaction  upon  litmus.     It  cannot  lie  obtained  in 
crystals.      The  solution  of  this  salt  causes,  with  nitrate  of  eilverj 
a   white  gelHtinous   precipitate,   soluble  in  excess  of  the  nietii 
yihosphate;  with  nitrate  of  barium  or  of  calcium  a  similar  geh 
tinous  precipitate  is  formed.      Tin's  salt  is  suscciiliblc  of  NarioB 
modifications  by  the  application  of  ditlerent  tein]>erat»res  ('450). 

(592 )  Borax,  or  Acn>  Borate  of  Souix'M  (Na,0  2  B,0, 1( 
H,0  =  202  -I-  180,  or  NaO,  2  BO. .  10  Aq  =  101  -f-  yo) ;  Sp.  ih 
fvMi'd,  2'3r>7,  cry*M'740;  Vompomtio'n  in  lOO^ar^^of  dri^Hlsalt 
Na,e,  30-7  ;  B,e„  G9-3  ;  of  crystallized  salt,  Na,0,  lH-23  ;  B.O, 
3(VG5 ;  lT,r>,  47'12. — This  well-known  salt  is  jirodiiccd  in  v*>n^ 
siderable  iiuantities  in  various  parts  of  the  world,  particularly  ill 
Tiiibet,  Whence  for  many  years  the  principal  part  of  the  \»>n 
consumed  was  supplied,  ^he  crude  borax,  or  t'lnral^  isoblainc 
by  the  spontaneous  evajxiration  of  the  watere  of  the  lakes  whenc 
it  is  derived,  and  occurs  crj'stallized  in  flattened  six-side<l  prisnu 
terminated  Iiy  trihedral  summits.  These  crystals  are,  ImwuverJ 
very  impure,  being  covered  with  a  groisy  coating,  said  to  Ik?  d« 
rived  fmni  the  skins  in  which  they  are  imported.  In  order  to 
move  tliis  grease,  the  crystals  are  powdertnl,  thrown  upon  n  filter 
and  wasbcd  with  a  weak  solution  of  caustic  so«la,  which  forms 
soap  with  thegrea.se,  and  dissolves  it;  the  remaining  salt  is  iX\i 
solved  in  water.  CarVxmate  of  sodium  equal  to  one-oighth  ofj " 
weiglit  of  tlie  borax  is  added  to  the  solution  ;  a  copious  precij 
of  earthy  inijnirities  ensues,  the  liquid  is  cleared  by  filtr 
and  allnwcd  to  cool  very  slowly:  the  borax  is  <lepositod  in  reel 
gular  or  in  ^ix-sided  prisms,  containing  10  11,0,  one  atom  of  vrl 
IS  probably  biisic. 

A   large   quantity  of  borax  is  now   manufactured  f' 
boracic  acid  obtained  from  the  lagofius  of  Tnscany,  by  si'i    .. 
it  with  carbonate  of  sodium,  and  allowing  the  salt  to  crj'sta 
In  the  course  of  this  operation  the  crude  Iwracic  acid  le  n 
with  about  half  its  weight  of  soda  ash,  and  is  thrown,  in  qm 
tities  of  about  3  cwt.  at  at'  in  the  floor  of  a  r.       '      ij 

fiiriiace  ;  the  mixture  sn<i!i  i  eifervesces,  and   .  _ 

stirred  during  the  proci-- :  n  of  carbonio  »idj^ di iJo, i 
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ntnonia,  and  of  orgnnic  matter  •wliicli  always  ficcompaiiies  the 

[\wracic  acid,  b  got  rid  of  in  tluB  operatit)n.      The  fritted  mass  is 

?ttj»?a  lixiviated  in  deep  iron  Kiilers.      Here  the  sfthitioTi  is  allowed 

, remain  at  rest,  in  order  to  allow  the  impurities — which  eon- 

i  chiefly  of  alumina,  carlxmate  of  calcium,  and  some  silica — to 

ddc;  and  the  liquid,  when   brouglit   to  the  sp.  gr.  1"1C6,  is 

(irn  tiff  into  wooden  tankfi,  lined  with  lead,  wliere  the  8<^tlution 

dIs  very  slowly.     The  large  crystals  in  which  Ixu-ax  ie  demanded 

'thfi  market  can  lie  procured  only  by  operating  on  very  large 

es  of  the  salt,  and  allowing  it  to  crystallize  from  a  solution 

tuning  carbonate  of  stidium  in  excesH.     liorax  may  also  be  ol>- 

l«l  iu  octohedral  crystala  (Nail  2  130,,  2  II,0  ;  ep.  gr.  1-815), 

rtlie  salt  l>e  all<»wed  t<»  crystallize  at  a  temperature  l»etween  174° 

RDil  i;W,  from  a  sol ut ion  of  sp.  gr.  \'2M^  to  wjiich  about  one- 

tliinl  more  of  carbonate  of  sodium  is  added  than  is  required  to 

form  the  salt. 

Borax  has  a  feolily  alkaline  taf^te  and  reaction.     The  prismatic 
OTsUU  ju-e  soluble  in  aliout  Iialf  their  weight  of  iMiiliiig  water,  imd 
in  12  partJi  of  cold  water  ;  they  are  sligiitly  etflorescent.      When 
tieatpd,  Ixjrax  bubbles  up,  loses  its  water,  and  melts  below  redness 
into  11  transparent  glass  :  this  glass  dissolves  many  metallic  oxides, 
•ften  iuijiart  intense  and  characteristic  cnlouiv  to  the  bead. 
1-  hence  mucii  used  as  a  test  before  the  blowpijie  for  recog- 
ilie  presence  of  certain  metallic  oxides.       For  this  purpose 
.i  crystal  of  borax  is  fused  ujion  the  end  of  a  bent  platinum 
wire,  and  a  minute  quantity  of  the  substance  to  be  tested   is 
melted  with  the  salt  in  the  fianie  of  the  blowpipe :  the  colour  of 
the  ^htfs  varies  according  as  tlie  bead  is  heated  in  the  oxidizing 
wiiitlie  reducing  tlaine  (494).      The  power  Mliich  this  salt  po»- 
**^  of  dissolving  the  metallic  nxide,  I'euders  it  advantageous,  in 
"•ess  of  soldering  oxidizable  metals,  to  sprinkle  the  metallic 
'  ^  with  fHDwdered   borax  ;  on  the  application  of  beat  the 
lwm.x  melts  as  well  as  the  solder,  and  the  film  of  oxide  whicll 
fould  otherwise  prevent  the  adlieeion  is  removed  from  the  pieces 
"^mefal  at  the  moment  that  the  alloy  is  presented  to  unite  them, 
porax  is  used  in  the  arts  as  a  flux,  and  by  tlie  refiner  in  the  melt- 
ing (if  golil  and  silver.      In  making   enamels,  it    is   frequently 
&<Mw!  for  the  puqiose  of  rendering  tlie  comjiound  mure  fusible, 
ui<lit  is  largely  employed  in  fixing  colours  <ni  proroiaiii. 

Other  borates  of  s<jdium  may  be  formed,  but  onlinary  borax 
•*  the  only  salt  of  any  practical  importatice ;  the  quudriborate, 
^(NaBe,,  3HBO,),7ll,e,  crystallizes  with  great  difficulty:  a 
neutral  borate  may  be  obtained  by  fusing  1  atom  of  ordinary 
'wnoc  with  1  of  carlninate  of  si>dium  ;  it  crystallizes  in  oblique 
prisriiB  (NaBe„4  H,0). 

['j'^i)  SiLic.vTES  OF  SomuM. — "V^Hien  finely  divided  silica  is 
padually  added  to  fused  carbonate  of  sndiuni,  carlionic  anhydride 
tt  evolved  with  etfervescence,  and  a  mixtmv  of  various  silicates  of 
•fliinn  is  formed.  I-'ritsche  obtained  a  silicate  of  the  form  (Na,Si€)„ 
9  H,0),  by  dissolving  in  a  strong  solutiira  of  hydrate  of  soda  a 
luantity  of  sUica  eqaal  la  weight  to  the  anhydJ-ous  6oda  \>TeaeTi.\, 
'  24 
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in  the  liqnid  :  it  crTetallizes  sometimes  with  6,  someHmes  „ 
9,  atoms  of  water.  When  a  conceiitrateti  solution  of  carboM 
of  sodinm  is  iKtiled  witli  finely  divideti  silica,  a  large  proportion  ( 
silica  is  dissolveil:  but  the  clear  liquid,  as?  it  cools,  defioeits  a  [  " 
tinons  precii'itate,  which,  according  to  Forebhaunnier,  coma 
Na,0,  36  SiO,.  Other  gilicates  have  been  obtained,  to  wlticL 
formulae  (2  Is  a,e,  5  Sie,}  (lS'a,e,  3 SiO,)  and  i^^^A  Se,)La 
been  assignetl.  It  is  diBieiilt.  however,  to  prove  the  existences 
these  compounds  with  the  exception  of  the  one  last  nanM^ 
The  silicate  i  Na,SiO,)  has  the  property  of  being  diseolvcKl  bj  an 
excess  of  fui>f<l  carbonate  of  sodiiim,  and  the  gtaeg,  whidi  ia 
clear  and  transparent  while  hot,  becomes  opaque  on  cooling; 
but  the  same  silicate,  if  heated  sufficiently  with  aii  excess  of  fiUca 
melts,  and  forms  a  homogeneous  mixture,  which  yields  a  tiam- 
parent  ^lass  on  cooling,  the  fusibility  decreasing  a^  the  propof- 
tion  of  silica  increases,  until,  when  tlie  quantity  of  riliea  aiooimts 
to  9  atoms,  tlie  heat  of  a  forge  is  required  for  its  fiusion.  TLese 
silicates  are  all  more  or  le^  soluble  in  boiling  water. 

A  peculiar  silicate,  usually  represented  by  the  formnk 
Xa.Oj'^O^  which  has  received  the  name  of  «o?«W*  gld*^,  ii 
prepared  by  melting  together  8  parts  of  carbonate  of  godimn 
(or  10  of  carlnmate  of  potassium),  with  15  of  pure  quarta  find 
and  1  part  charcoal  (Fucbs) ;  the  charcoal  by  its  tendencT  t» 
form  c-arbonic  oside,  at  the  expense  of  the  oxygen  of  the  car- 
bonate, fjacilirates  the  decomposition  of  this  sdt:  a  black  glas 
is  thus  obtained,  which  is  not  soluble  in  cold  water,  but  » 
!ilnuv?t  compleTt-ly  di#ii>hod  by  5  or  0  times  its  weight  of  Uiiling 
water.  Soluble  glass  is  employed  in  fixing  fresco  colours,  by  the 
process  Imown  as  stertochromy.  The  ground  employed  in  this 
process  for  the  reception  of  the  colour  consists  of  a  mixture  of 
lime  and  tine  sjind,  cemented  by  a  solution  of  soluble  glass.  The 
colours,  irround  up  with  water,  are  then  applied  and  a  varnish  of 
soluble  glass  is  brushed  over  the  whole. 

Allusion  has  already  been  made  to  the  application  of  a  solution 
of  s<.»hiblc  glass  as  a  cement  in  the  preparation  of  an  artificial 
silictvus  stone  (^409 ).  Many  metallic  oxides — such  as  lime,  mag- 
nos'ia,  and  oxide  of  zinc,  and  their  salts — are  acted  upon  by  the 
s<»lution  of  silicate  of  sodium,  carbonate  of  calcium  and  otlier 
salts  Iving  converted  by  it  into  masses  of  great  hardness  and  dura- 
bility ;  double  decomposition  of  the  silicate  and  earthy  salt  occur 
ring  to  a  givater  or  less  extent.  Upon  this  principle,  Mr.  EansoT»« 
has  apj^litnl  a  solution  of  sihcate  of  ]x>tassium  to  the  prevention 
of  the  dtvay  of  magnosian  and  other  limestones  which  are  e^ 
]HV«.\1  to  the  weather :  a  solution  of  the  silicate  is  brushed  ov< 
the  surface  of  the  stonework,  which  becomes  gradually  convert* 
su^vrticiallv  into  silicate  of  calcium. 

A  solution  of  silicate  of  sodium  as  nearly  neutral  as  possibly 
Hvnv  very  generally  used  as  a  substitute  for  cow-dung  in  prepaT* 
njorvlanttxi  calico  tor  dyeing.  This  constitutes  one  of  the  o"** 
imjH»rtaJ»t  applications  of  the  salt.  This  solution  may  be  obtai^ 
kA'  a  sj>.  gr.  oi  1'5S.    ll  ma^  Vje  ^xe^wred  either  by  fusing  si  * 
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oar1>onate  of  eodium  in  the  proper  proportions,  or  by  tligest- 
[caloined  flints  under  pressure  in  a  concentrated  solution  of 
Btic  so<la,  as  practit*ed  by  Messrs.  Ilansome  (460). 
tWheii  beat  is  applied  to  the  silicates  of  the  alkalies,  they  do 
fat  once  become  liquid,  but  pass  through  an  intermediate  vis- 
! stage  ;  they  imj>art  this  viscidity,  and  the  transparency  wliich 
preserve  on  cooling,  to  many  other  silicates  if  they  are  fur-ed 
them,  and  they  destroy  the  tendency  to  crystallize  on  solidi- 
;  ■which  the  silicates  of  the  earths  and  of  the  heavy  metallic 
lies  possess.  This  property  is  of  the  hifrhcst  importance  to 
Bkind,  for  npon  it  depend  the  most  valuulile  projierties  of  glass 
iictility,  which  enables  it  to  be  moulded  wliibt  in  this  inter- 
'ffle^iate  state,  and  transparency,  which  render*;  it  aj>j»li(rable  to  a 
multitude  of  important  uses.  The  silicates  of  the  alkalies  are 
unable  alone  to  resist  the  action  of  water  and  other  solvents  sutti- 
wntly  to  fit  them  for  many  of  the  ai)plications  of  glaas  ;  but  when 
eoiuliined  with  silicates  of  the  earths  and  certain  metallic  oxides, 
mixtures  may  be  obtained  after  fusion  which  are  no  longei'  soluble 
in  water  or  in  acids. 
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jf^(594)  The  composition  of  glass  differs  considerably  witli  the 
^Bhireof  the  purposes  to  which  it  is  destined,  but  it  consists 
PRnlv  of  mi.xtures,  in  varying  proportions,  of  silicates  of  potn.s- 

«am,  Rodinni,  calcium,  barium,  magnesium,  aluminum,  and  lead, 
I   coloured  by  the  addition  of  small  quantities  of  different  metallic 

oxides,  particularly  those  of  iron,  manganese,  cobalt,  uranitiin,  and 


w 

r^,. 


pThe  degree  of  fusibiUty  of  these  different  silicates  varies  con- 

<idenil)!y.     The  silicates  of  calcium   and  magnesium  fuse   wifli 

great  ditRculty  when  heated  ^e;*  *^  .•  the  most  fusible  compound 

wnt4iia9  2  atoms  of  basyl  to  3  of  silica,  the  quantity  of  oxygen 

in  the  base,  being  to  that  in  the  silica  as  1  is  to  3.     I'he  sili<-ates 

ofirDn,  2  PeO,  3  SiO„  and  of  manganese,  are  readily  fused,  and 

"T'tallize  on  cooling.      The  silicate  of  lead,  2  Pb0,3!SiO„  is 

still  more  fusible,  and  on  cooling  forma  a  yellow  transparent  glass. 

pn  the  other  han<l,  silicate  of  alinuinum,  Al,0,,2  SiO,,  is  nearly 

Wifusible  in  the  furnace.     All  these  siUcatos,  however,  when  mi.xed 

*ith  etich  other,  or  with  the  silicates  of  the  alkalies,  melt  at  con- 

*«Jeral)Iy  lower  temperatures,  the  fiising-point  being  generallv 

Jjnch  below  that  of  tiie  mean  of  the  difl'erent  silicates  employed. 

ijb  silicates  of  calcium  and  aluminum  are  nearly  infusible  when 

^Brate,   but   they  melt   readily  after  they  have   been   mixed 

^Bther. 

j^^any  of  the  properties  of  glass  are  familiar  to  every  one.  It 
'•^  a  transparent  brittle  solid,  more  or  less  fusible,  and  just  before 
jn  possessed  of  remarkable  ductility,  a  property  which  enables 
workman  to  fashion  it  into  tiie  numberless  forms  which  luxury 
Hmvenience  dictates.  The  ditVereiit  varieties  of  glass  are  not 
vgnrdod  as  deiiuite  cvinpuunda,  but  ns  mixtuvea  ot  \a\:\oMa 
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silicates  in  difforent  proportions,  witli  im  excess  of  ^ica.     It 
generally  found,  however,  in  the  best  kindg  ofglae**.  thnt  the  muc-j 
tureB  are  very  nearly  in  sncli  proportions  thnt  but  little  sUic 
remains  in  the  uueonibined  form.    The  pruportJotj  of  silica 
biU'e*  is  most  conveniently  expressed  hy  <u?certaining  the  pr 
tii>n  which  the  oxygen  of  the  bases  Ivears  to  that  of  tlie  m 
The  subjoined  table  gives  the  result  of  some  analyses  of  the  i 
important  kinds  of  glass : — 

Q/niposition' pf  differetU  VaritHei  of  Clot*  w  100  part*. 


a'Hca. 

Potaah 

8odB 

Lime 

UnKQceia 

Aluioinn 

Ozido  oriroD 

Oxido  of  manganeK . . . 


Ratio  of  tilt*  oxyRcn 
in  the  bnsos  to  that 
in  the  nilicn 


l>mnu. 

BIcbwdxA. 

1u<t. 

DiubMk           BotIMw. 
Plale 

BotU*. 

Win 

French 

' 

rnoeta. 

wA. 

BdcIWl 

rrmh. 

VcMdaft. 

63-6S 

69  66 

(€'31 

1386 

«8-6 

648 

.  <    . 

.    .  . 

r.'60 

fl** 

t   .  . 

16-23 

14-23 

12-05 

81 

%9'ii 

1331 

11-80 

560 

11-0 
2-1 

601 

i-83 

8-16 

3&0 

12 

614 

... 

... 

02 

0"! 

1:2 

1  :  4 

2:7 

1:  6 

1:6 

fSXxrA. 

DUDIM. 

KwUili 
0^1, 

DoM. 

_ 

Bohemian 
goblaU 

Oermaa 
erowii. 

Oviroiid'* 
upUeaL 

SinM. 

Eri»m»l 

69-4 

11-8 

9-2 

9-6 

62-8 

221 

12-6 

2-6 

Dl-93 
1377 

047 
3338 

0-31 

42-5 

11-7 

0-5 

1-8 

43-5 

38-1 

7-9 

10 
(3-0 

A»,€»,  1  \ 
B,0.    Il 

1:4 

81-6 

I'ntnsh 

83 

Aluminn 

(Uiilc  of  ImuL 

Oxide  of  tin 

60-3 

Oxiilos  of  iron  and  ) 
iuiiiig.-ino«L'              ^ 

Ratio  of  the  ozjgen  1 
In  Um»  bfteoa  to  that  ^ 
in  the  silio*            ) 

1  :4 

1  :  5 

I  :  8 

1  :4 

8:T 

(.^!'  •»  in  which  SHicaUA  of  Potn 

predv  -The  Mlieates  of  potassinm  .-i^ 

]>rineipal  eomponent*  of  the  eoltibrated  lUdifniiai: 
iho  variety  whiih  \*  emplovHl  in  tlie  prejiaratiim   ■. 
ofditik'uli  fii»ibiHty,  so  much  ^mcd  iu  tiie  laboratory 
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•om bust  ion  of  orsjanic  ct)InpouIld^i :  the  coinpDSitioii 
of  this  ijliiss  may  bo  repreeented  approxiiiuitively  by  the  Vunnula 
(K^O,  3  SiO,  .  OaO,  3  SiO,),  part  of  the  pota^iuiii  hannt;  ite 
place  gnpplied  by  sodium,  and  yjart  of  the  calcium  bv  maguesiuni, 
iluminnm,  and  traces  i>f  iron  and  manganese.  The  more  ftwible 
glia  which  is  employed  in  the  manufacture  of  the  beautiful  i>rna- 
nental  objects  for  which  Bohemia  luxs  long  been  distinguished, 
contains  sdicate  of  aluminum,  with  silicates  of  potaiwium  and  oal- 
cinm,  in  a  proportion  which  approaches  [K,0,  2  SiO,  .  2  (OaO, 
2  SiO,)  .  A1,0.,  C  SiO,].     The  crown  gla.ss  employetl  for  optii-al 

Eiirp<»w  has  nearly  the  formula  (K,0,  2  SiO,  .  OaO,  2  SiO, ; 
•umas,  Ann.  de  Ckimis,  II.  xliv.  151).  In  the  last  two  cases 
the  proportion  of  oxygen  in  the  basee  to  tliat  in  the  silica  is  very 
ueiirlv  a*  1  :  4.  * 

In  the  finer  kind*  of  fflass,  pota&h  is  always  employed  in  pre- 
ference to  soda,  because  tnc  glass  made  from  Boda,  however  earo- 
fuDytbe  materials  are  selected,  has  a  bluish-green  tinge,  which  is 
jjjSobserved  when  potash  is  used.  The  potash  glass,  however,  ia 
^er  less  brilliant  than  that  which  contaiuB  eoda. 
B96)  (rlass  coM«igtinf/  of  Sili<.ut^«  of  SmHum.  and  Calcivin. — 
Bch  plate  glass  and  ordinary  window  glass  are  the  most  ira- 
ant  varieties  of  this  description.  Plate  glass  is  very  fusible, 
although  the  oxygen  of  the  liases  which  it  contains  amounts  only 
to  about  one-sixth  of  that  of  the  silica.  Suda  produces  a  more 
Ii<|ui(l  and  fusible  compound  than  jxitash.  The  addition  of  lime 
In gitvs  diminishes  its  fusibility  whilst  it  increases  its  lustre  and 
Imi-jness  without  affecting  the  colour.  Care  must  be  taken  not 
to  employ  an  excess  of  lime,  for  it  is  liable  to  render  the  glas?  milky 
HH)ling,  although  it  may  be  iierfectly  transparent  whilst  iiot. 
"rreat  care  is  required  in  the  selection  of  the  materials  em- 
l^pd  in  the  manufacture  of  the  finer  kinds  of  glass.  The  ingre- 
dients Ufved  in  the  plate  glass  of  St.  Gobain  consist  of  ^00  pxwtA 
J'f  white  quartz(>se  sand,  100  of  dry  carbon.ite  of  sodium.  43  of 
"Uii',  siiiked  by  exp<«ure  to  the  air,  and  300  of  fragments  i>f  lirukca 
p«s8  from  previous  meltings.  The  fuel  employed  in  the  furnace 
*  Wood. 

These  materials  are  intimately  mixed,  and  then  melted  in  a 
^fge.  deep,  conical  crucible,  in  which,  atYer  they  have  V>een  com- 
*Jetely  fused,  they  are  allowed  to  staud  at  a  high  temperature  for 
toral  houi-s,  in  order  that  tlie  impurities  may  suliside.  l.Jiianti- 
Hr'Of  this  mixture  suiiiciciit  for  casting  a  single  slicot  are  then 
-'Hovi'd,  by  means  of  copper  ladles,  into  asmaller  square  m-ucihle, 
''iWcd  the  cuvt^Uc*  When  the  glass  is  thoroughly  melted  the 
**ette  is  removed  from  the  furnace  by  a  crane,  and  the  glass  is 

(by  pouring  it  uiwin  a  solid  table  of  cast  iron  ;  along  the  edgo 
BIS  table  are  ledges  of  metal,  to  regulate  t!ie  thickness  of  the 
tl  of  glass  ;  the  molten  mass  is  immediatety  spread  and  fonned 
t«  a  i>lale  by  means  of  a  heavy,  liullow  iiietallie  roller.     These 


the  Thiunefi  Plate-glass  Works,  the  glass  is  mclbed  in  the  ttaue  pot  ns  that 
Lidi  it  is  poareU  in  casting.    The  pots  are  uT'Iindrical,  and  the  fuel  eioploTed 
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thoeXA  are  next  annealed  by  being  placed  in  a  lioatc<J  nrcn,  and 
»lluwe<J  to  <'<M»1  verv  slowly  tinwn  to  the  teniperuture  <•!'  tlie  air— 
an  npenition  which  rcMjuires  from  a  week  to  a  fortniirht  for  ir> 
coniplotion.     They  are  then  levelled  bv  cementine  ouc  j>l»te  witli 

(>l«ister  of  Paris  n\H>n  a  slab,  and  canning  a  e««ona  plate  to  moTf, 
)>•  niachinerv,  over  the  surface  of  the  tirst,  the  grinding  material 
being  tine  sand  and  water  :  a  level  sarltu-e  having  been  tliu?  "b- 
tained.  it  is  smoothed  by  emery  of  gradually  increasing  tinetiess, 
and  the  final  polish  is  given  by  friction  witn  finely  le^ngattd  col- 
cothar  or  jieroxide  of  iron. 

Window  glu!?s  is  made  of  a  mixture  of  100  parts  of  sand,  with 
fmm  oJ  to  40  of  chalk,  30  to  35  of  soda  ash,  and  fh)tn  50  to  l.V) 
of  broken  glass  or  cullet.  An  equivalent  amount  of  the  cheofw 
sul])inite  of  s<Kliuni  may  be  sizljstitnted  in  this  mixture  tor  tbe 
carlKtnate,  for  at  a  very  elevated  temperature  the  silica  vx\v)i 
the  elements  of  sulphuric  anhydride ;  tnis  decomjwsition  iniiv  be 
facilitated  by  mixing  the  sulphate  with  about  a  tenth  of  it*  weipbt 
of  charcoal ;  the  sulphate  is  thus  reduced  to  a  lower  state  of  oxi- 
dation, and  the  suljihur  escapes  in  the  form  of  sulphuron-s  anlir- 
dride  at  a  lower  temj>erature  than  that  required  to  expel  the  iw'iJ 
from  the  sulphate. 

When  carlKmate  of  so<liuni  is  use<l,  the  m&teriuls  are  fifti 
subjected  to  a  heat  insuflicient  completely  to  fuse  the  maj«,  und 
are  fntted  together,  or  heated  until  they  agglomerate;  inuirture 
is  tlnis  ci>nipletely  expelled,  and  a  part  of  the  gaseous  carlwtiic 
anlmlride  is  got  rid  of:  the  frothing  up  of  the  mixture  in  tbe 
subsequent  fusion,  due  to  tlie  expulsion  of  the  gas,  is  alsii  dimi- 
nished, and  the  loss  of  alkali  by  volatilization  is  considerably  l»- 
scncd.  The  fritted  mass  is  then  transferred  to  other  pot*,  uwi 
the  temperature  of  tbe  furnace  is  raised  until  complete  ftision  i* 
erte<'te«l.  The  mixture,  after  it  has  been  thoi-ougnly  melted,  i» 
allowed  to  stand,  in  oitler  that  the  bubbles  of  air  may  escape,  an^ 
that  the  uiJiss  may  become  uniform  in  cfimposition :  the  excesoof 
sulphate  or  of  chloride  of  sodium  which  may  have  escaj>e<J  dec<>f>" 
]»osition  rises  to  the  surface  and  is  skiunned  off,  forming  what  tl»8 
manufacturer  terms  gl<x«ii-giill  or  sandin<'r.  The  glass  is  tb^r 
allowetl  to  cfMjl  until  it  assumes  the  pasty,  tenacious  conditio 
required  for  the  manipulations  of  the  glass-blower. 

(697)  SUicat<:«   of  Almninum,  Cal^'^ium,  Iroti^   Ma^^U^ 
and  Sodium  or  Potassium. — The  inferior  descriptions  of  gl* 
which  are  used  for  making  wine-bottles,  carboys,  and  other  artic? 
in  which  a  dark  colour  Is  unimportant,  consist  of  a  mixture 
these  silicates.    Tiie  materials  employed  are  of  a  coarser  kind  th« 
tliivse  UHe<l  in  the  preceding  varieties  of  glaas.     A  ferrnginon* 
ochr^'  sand,  mixed  with  soap-makers  waste,  are  common  inj^ 
dients.    Mr.  Pellatt  gives  the  following  as  a  composition  employ- 
in  making  bottle  glass: — Sand,  100  measures;  soap-makers  wa^ 
80;  gas-lime,  SO;  common  clay,  5;  and  rock  salt,  3  measures,    l 
ordinary  English  bottles  are  of  an  olive-green  colour,  produced 
the  jiresence  of  ferrous  oxide:  while  soine  of  the  German  Inrtt- 
art?  oH  a  pale  brovm,  resuMng  Vrom  %  nvvxtare  of  the  oxides  of  it 
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Tnanp;Ancso.  Sometimes  eulphate  of  barium  ia  added,  with 
It'  viow  lit"  rendering  t)>e  gliuv^  more  fusible.  Bottle  glass  con- 
t.«.iiisj  «  suiullor  j»ri>j)i>rtiou  of  >iiliea  tlian  any  of  the  preceding 
varieties.  One  »;pec'iinen,  analvoed  by  Dimias,  presented  a  com- 
pu«itiun  which  would  he  approxiniatively  represented  by  the  for- 
mula «  [^6aK)t>,SiO,J  .  (AlFc),0„  3S!0, ;  whilst  in  a  second 
specimen  the  eonijwsition  would  be  more  neai'lv  represented  by 
«  [ieaK)e,SiO,] .  2  (AlFe),e„  3  SiO,.  Tile  oxygen  of  the  baseb, 
iu  the  tirst  instance,  is  in  tliu  proportion  to  that  of  the  silica  a* 
1  to  'J,  and  in  the  second  case  nearly  ad  2  to  3. 

i'AiS)  Dtcitnlication:  Jleaxcmura  Porcelain. — Bottle  glass  is 
purticnljirly  liable  to  become  devitritied  by  slow  cooling,  and  to 
be  converted  into  what  ia  termed  lieaumura  Porcelain.  In 
ord«r  ti»  produce  this  eft'ect,  the  glass  may  be  imbedded  in  sand, 
or,  itill  lietter.  in  a  mixture  of  gv'psura  and  sand,  and  heated  ii|i 
to  ft  point  isuttieient  to  soften  it,  but  just  short  of  that  required  for 
ltd  I'lisiou,  If  it  be  now  allowed  to  cool  very  slowly,  it  will  be 
fiiund  to  have  entirely  altered  its  aspect  and  properties;  having 
heeomc  u[»ai]uo  and  milk-white,  and  much  resembling  porcelain 
in  appeanince.  It  is  now  somewhat  less  fusible  and  less  liable  to 
I  r:i.  k  on  the  application  of  sudden  clianges  of  temperature,  and  is 
tmu'h  harder  than  the  glaas  from  which  it  M-as  procured.  It  is  u 
bad  conductor  of  heat,  but  conducts  electricity  to  a  considerable 
ext'^nt,  being  comj)ara]de  in  this  respect  to  marble  (Pelouze).  This 
Rlteratiun  appears  to  1k»  due  to  the  partial  separation  of  certain 
silica.ter',  particuhu'ly  of  the  silicates  of  calcium  and  altiminum, 
:iii'l  their  assumption  of  a  more  or  less  definite  crystalline  form. 
-  ervatallization  is  sometimes  very  beautifully  and  perfectly 
L-Auiiiited  in  the  residues  at  the  bottom  of  the  glass-pots,  which 
are  Jillowed  to  cool  down  with  great  slowness  and  regularity. 
Nodules  of  opaque  radiated  crystals  are  there  often  found  sur- 
}"<>'i!idfd  by  a  transparent  glass.  A  mass  of  these  ojiaque  crystals, 
\se<l  bv  Dumas,  presented  a  comix >sitii>n  which  C(>rresponded 
,  the  formula,  18  [(^eaNa)e,2  SiO,]  .  2  (AI.O.)  9  SiO, ;  whilst 
the  transparent  gla.ss  from  which  they  had  sejiarated  contained  3*5 

1M.*r  cent,  less  of   silica,  1"4  less  alumina,  and  a  proportionately 
urger  quantity  of  soda. 

The  devitrification  of  glass  has  been  made  the  subject  of  ex- 
^»eriment  by  I'elouze  {Chem.  Gaz.^  Aug.  1855).  lie  finds  that 
lii"  >iime  sheet  of  ghiss  may  be  devitrified,  and  again  rendered 
r  'I -parent  by  fusion,  many  times  in  succession.  Glass  of  any 
ription  raity  be  devitritied,  but  the  liner  kinds  of  ijotash-glass 
c:v..ibit  this  phenomenon  with  difficulty.  The  throwing  iu  of  a 
Bmali  quantity  of  santl,  or  even  of  powdered  glass,  into  a  pot 
.it>pr  it  h.t-  cooled  down  to  the  viscid  condition,  greatly  promotes 
rii.'  .ii  ■  !• !  i'ii-ation  of  tlie  mass.  The  soluble  sodiun>-glass  of 
!■  lii  Im  uNa.O,  4  SiO,)  is  especially  liable  to  devitrification  from 
L  r>  -l.'illizfitioii. 

'''•ut*:ft  of  PolaxAinm  (tnd  Lead. — The  ordinary  white 
gla-  in  this  country,  commt  (Illy  known  as  tlint  glass  (the 

cri»tai  of  i*  reuch  writers),  coasists  ahnost  entirely  of  these  sill 
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eates.     Potash  is  ii&ed  instead  of  scxJa  in  tlie  preparation  of 
glat^,  in  nnler  to  avoid  the  bluisli  tiut  which  ia  pnnlured  liTtods-j 
III  c'niiiUinjvtioii  with  oxide  of  lead.     The  oxide  of  lea<l  iiujiartj  « 
jrreater  dt--i>:ree  of  fiisihility  and  density,  as  well  a«  a  liii;li  n-frw- 
tive  »nd  dis]»ersive  i>ower ;  in  eoMse«iuenee  of  which   su 
from  its  hii[>erior  brilliancy,  is  Iwtter  litted  for  the  iiianut:" 
ornaniental  articles,  and  from  its  greater  softiiese  is  more  eusiiycw 
ami  polithe<l.      Lead  glass  ha«,  uowever  the  ineonvenieuee  uf 
l)eing  readily  wrratched,  and  it  is  liable  to  tarriieh  and  cliangBJ 
colour,  c»iH'cially  if  the  proportion  of  alkali  be  birce.     The  alkaliia  - 
eoroMle  it  nl<»\vly,  nnd  it  becomes  gradually  blackened  when  left 
in  contact  with  solutions  of  the  fulphides.     Acconliiig  to  F«n»j 
day's  experimeiitii,  English  Hint  glass  contains  one-third  or  uiore^ 
of  its  weight  of  oxide  of  lead  :  it  may  be  represented  very  nearly 
by  the  formula  (K,0,  3  SiO,  .  PbG,  3  SiO,).     I5ut  in  a  6]>ecini«i 
from  Newcastle,  examined  by  Berthier,  the  proportion  of  -.ilicate 
(>f  lead   wjw  larger;  this  glass  correspondetl  nearly  to  [5(K,G, 8 
SiO,)  .  3  ( PbO,  3  SiO,)].     The  composition  of  flint  glaae,  bowt'vw, 
is  liable  to  considerable  variation,  even  in  ditfereut   parts  of  tl« 
«ame  pot,  the  lower  yjortit»iis  having  generally  a  givater  density 
than  those  in  the  tipper  part  of  the  pot.     This  arises   from  the 
density  of  the  oxide  of  lead  In-ing  much  greater  than  that  of  tlie 
other  iuulerials,  s«>  that  it   is  extremely  dittieult   to  preserve  > 
uniform  mixture.     Faraday  found,  for  example,  that  glass  taken 
from  the  top  of  jiots  not  more  than  six  inches  deej>,  might  haTci 
density  of  3-28,  while  that  from  the  bottom  might  have  a  density 
of  3-85  :  in  one  instance  the  glass  at  the  top  had  a  density  of  3*1, 
that  at  the  Ixtttoin  of  4"7.'j  ;  and  though  these  are  extrenie  dif- 
ferences, there  is  no  doubt  that  considerable  variations  (KTiif  in 
every  jKit  of  glass  ma<le  in  the  usual  way.     This  variation  iii  the 
density  of  the  ghiss  occasions  great  inconvenience  in  its  anplii* 
lion  to  the  construction  of  optical  instruments,  owing  to  the  dif- 
ference of  its  refracting  power  iu  different  portions  of  the  same 
mass;  and  uiany  endeavours  have  been  made  to  overcome  tliese 
delectus.     A  lead  glass  of  still  higher  refracting  power  was  injule 
bv  (juinand,  in  which  the  j^roimrtion  of  lead  was  very  large,  the 
formula  iK'ing  very  nearly  [2iK,0,  2  SiO,) .  3  (PbO,  2  SiO,)],  the 
projK>rtion  of  oxygen  in  the  bases  being  to  that  in  the  silica  a?  I 
to  4;  its  sjK-'cific  gmvity  was  3"fil.     Faraday  (/*/(//.  7Va7i*.,l!>«^**»J 
•p.  42)  pronosed,  fnr  a  similar  puri>06e,  a  comjwund  of  silicate a*^* 
Dorate  of  lend,  the  densitv  of  which  is  5-44  :  this  glass  has  a  p**^ 
lemon-yellow  tint,  and  eo'nsista  of  [3  (PbO,SiO,) .  3  PbO,  2  B.OJ 
Of  late  yeai-s  a  borosilicate  of  zinc  has  been  introdnce<l  by  M« 
and  CMemandot  into  the  glass  used  for  optical  purposes,  with 
siderable  success. 

Much  of  tlie  success  in  the  preparation  of  gln^  for  onfi< 
pnrjHtses  de]>ends  upon  the  selection  of  jnire  materials,  ana  al* 
on  their  complete  incorporation.  The  plan  which  snceeeds 
in  att.iining  the  latter  object  was  introduced  by  Guinand.  Aft' 
the  fusioji  is  comj'lete,  the  melted  glass  is  thoroughly  stirred  wil 
u  paddle  of  erucime  c.\a^  •,  V\ie  ctwulViUs.  and  its  euuteuta  are  \h* 
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BJlowed  to  cool  down  elowly  in  tlie  funnice  ;  when  col<l,  the  potia 
broken,  aiid  tlie  tnass  i>f  glass  cut  futrizontuJlij  iuto  slices,  by  which 
lut^ans  piecert  of  uniform  density  may  generally  be  «ihtained.  A 
gcK»d  optiral  glass  may  be  made  from  a  mixture  of  ItH)  parts  of 
pnru  SHiid,  100  of  minium,  and  30  of  refined  peurlash. 

Tlie  oxide  of  lead  which  is  employed  in  the  manufacture  of 
flint  irlstvs  is  not  ordinary  litharge  (SKTj,  but  minium,  or  red  lead 
(?vl>8i,  which  is  a  higher  oxide  of  load,  and  is  ])repared  with  care 
m>m  pure  lead.  The  proportions  of  the  materials  usually'  em- 
ployed in  the  manufacture  of  tlint  glass  are,  300  of  fine  white 
)aand,  such  as  that  from  Lynn  on  tlie  coast  of  Norfolk,  or  from 
Fontainebleau,  200  of  minium,  and  100  of  refined  pearlash,  with 
about  yo  parts  of  nitre.  In  all  eases  the  eeleetion  of  materials 
for  the  njelting-pot  is  of  liigh  importance.  These  pots  are  best 
made  of  an  infusible  clay,  feuch  as  that  from  Stourbridge,  which 
oonUiins  but  little  lime  and  iron  :  .'>  \nir\s  of  clay  and  1  ])art  of 
gmund  bunit  pots  are  trodden  into  a  mass  by  the  workman,  and 
allowed  to  stand  for  three  or  four  months:  the  mixture  is  then 
cnnd'ully  wrought  into  pdts  about  four  inches  thick,  great  care 
l»eing  taken  to  exclude  air-bubbles.  The  jMjts  are  allowed  to  dry 
fur  several  months  in  a  warm  room,  after  which  they  are  removed 
to  »u  annealing  oven,  where  tliey  are  raised  very  gra<lually  to  the 
temperature  uf  the  furnace.  Flint  glas.s  is  always  made  in  pots 
which  are  arched  over  at  top,  and  have  an  opening  at  the  ujjper 
part  of  one  side  fur  the  introduction  of  the  charge  and  the  withdraw- 
al of  the  triass :  they  are  set  in  the  furnace  in  such  a  manner  as  to 
prevent  the  access  of  smoke  and  combustible  gases  to  the  interior, 
Mrkieli  would  endanger  the  rednctiim  of  the  oxide  of  lead  U)  the 
inetallio  Btate.  Plate  glass,  crown  glass,  and  tlie  otlier  varieties 
of  g1»!s».  arc  maxle  in  open  crucibles.  The  alumina,  which  is  con- 
tAined  even  in  the  finest  ghuss,  is  chiefly  derived  from  the  actioa 
of  the  vitrified  materials  upon  the  clay  of  the  pots. 

(♦iuO)  Coloured  Glomes. — For  the  }>ur|V)se  t»f  producing  imita- 
tions of  precious  gems,  a  lead  glass  of  still  higher  refracting  power, 
tenned  jm«t<f,  or  stnua,  is  employe<l,  the  prL»portion  of  oxide  oi 
lead  exceeding  53  per  cent.  ;  the  eoniposition  of  this  substance  ia 
v<jry  nearly  rei)resented  by  the  formula  [K,0,  2  SiO,  .  3  (PhO,  2 
S\f),)],  the  prop<.)rtion  of  oxygon  in  the  btuses  being  one-fourtli  of 
tiist  present  in  the  silica.      A  little  lM>rax  is  often  added  to  this 
•  >  incresise  its  fusibility.     Glass  of  this  description,  when 
;    ,     iy  cut,  is  employed  to  imitate  the  diamond.     The  yellow 
oi»lijur  of  topaz  is  given  to  the  straps  by  the  addition  of  alwjut  1 
pif  c<;nt.  of  peroxide  of  iron,  or  by  a  mixture  of  4  per  cent,  of  o,v- 
"Ifi  of  antimony  with  a  nunute  proportion  (O'l  per  cent.)  of  pm-- 
r'o  uf  Cassius.   The  brilliant  i)lue  of  sappliire  is  Imitated  by  means 
"•  » t*tnall  ouantity  of  oxide  of  cobalt. 

It  is,  inuced.  a  y)roperty  of  glass  to  dissolve  small  quantities  of 
^*ii_v  of  the  metallic  tixides  without  losing  its  transparency  ;  but 
rIus*  Itecomes  coloured  with  more  or  less  intensity,  and  with 
^^xvul  liucs,  according  to  thi^  nature  of  tiie  metallic  oxide  em- 
Protoxide  of  iron  appears  to  pa^s  into  the  condltiuu  o{ 
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roagoctie  oxide,  wliicU  even  in  small  qaanttties,  commo 
colours  which  vary  from  a  pale  e^'een  to  a  deep  bottle-jjreen, 

cording  to  the  proportion  in  wliieli  it  is  present :  tes<|uii>.'^ 
iron,  ou  the  contrary,  lia*  but  feeble  eolourinj^  power,  unJ 
bent  in  considerable  quantity,  when  it  produces  a  vellovv 
protoxide  of  manganetje  is  nearly  colourless,  but  the  se^cjui 
conmiutiieate*  i  violet  tint  to  the  glass.  Advantage  is 
tlie  kmiwledge  of  these  facts  in  prej>aring  colourless  glass : 
oxide  of  iron,  in  minute  quantity,  is  a  trequeut  impurity  in 
ntateriuls  used,  and  it  prmluces  the  green  tinge  often  obocrved  i 
onlinary  class :  a  minute  quantity  of  black  oxide  of  manjjnni 
corrects  this;  it  imparts  ox^-gen  to  the  magnetic  oxide  ol  i" 
which  thus  becomes  converted  into  the  colourless  peroxide,  wl 
tlie  manganese  itself  being  reduced  to  the  state  of  protoxide 
no  injurious  colouring  etiect.  A  little  nitre  or  arseiiious  anli^ 
is  sometimes  added  to  glass  in6tea<l  of  oxide  of  manganese,  will 
similar  eti'ect  iu  converting  tlie  iron  into  sesquioxide.  The  mi 
eanese  is,  however,  the  more  eliectual  agent ;  this  may  arlic, 
Liebig  sug^^^ts,  from  the  circumstiince  that  the  colours  Tirvxl 
by  the  iron  and  munganese  are  each  euuipleuieiitHry  to  the  & 
Oxide  of  chromium  imparts  an  emerald-green  tinge  to  gli 
ide  of  cobalt  a  dt.H.'p  blue.  A  mixture  of  the  oxides  of  co' 
manganese  gives  a  black  glass  ;  black  «jxide  of  copper  (OnO] 
daces  a  green ;  suboxide  of  copper  (€h,0)  an  intense  ruby 
whilst  the  sparkling  aopearauce  of  avanturine  is  due  to  the  dii 
mination  of  tetrahedral  crystals  of  reduced  metallic  copy»er  throuijll 
the  mass.  Oxide  of  uranium  communicates  to  the  glass  a  {>€culuil 
opalescent  yellow ;  different  shades  of  yellow  are  also  y>riMJueca 
by  oxides  of  silver  and  antimony,  and  by  liuely  divided  chamial; 
and  a  compound  of  gold  with  oxide  of  tin. gives  a  magnificeuf 
rubv  glass. 

Sonjetimea  glass  is  flashed,  or  superficially  coated  with  tb( 
coloured  portion.  A  mass  of  colourless  glass  is  in  this  case  takcJ 
bv  the  workman  upon  the  end  of  his  blowing  tube,  and  tlia 
dip{>ed  into  a  pot  of  the  coloured  glass  ;  ou  blowing  out  the  lumj 
of  glass,  a  vessel  is  obtained  the  exterior  layer  of  which  is  eolourefl 
whilst  the  inner  layer  consists  of  colourless  glass. 

Painting  on  glass  is  effected  by  means  of  a  very  fusible  eli 
which  when  melted  gives  the  required  tint ;  this  gh\ss  is  renun 
to  a  very  tine  p<iwder,  and  worked  up  with  turpentine  into  a  pij 
nient :  it  is  then  ai)plied  with  a  pencil  to  the  surface  of  a  sln.>et  < 
ordinary-  glass.     The  painted  glass  is  afterwards  subjected  to 
heat  which  is  sufficient  to  melt  the  coloured  glas.s,  Init  is  not ' 


teuse^ enough  to  gotten  the  glass  to  which  it  is  apidietl. 

gillie  irla* 
which  is  disseininatetl  an  optKpie  white  substHnce  whicli  is  iufii 


En*nnri  is  the  term  given  to  an  easily  fusible  glass,  throuj 


ble  at  the  tenqR'rature  euiployed.  such  for  example  as  the  binoxl 
of  tin;  H  metallic  ash  is  prej>aix*d  by  tiiilcining  at  a  low  red  ht 
H  mixture  of  1  part  of  tin  with  from  1  to  <5  narta  of  lead,  in  a  fl 
cast-iron  vresel ;  the  ash  so  obtained  is  niixetl  with  sand  and  alka 
the  propoilioiis  of  which,  may  vary  considerably.     In  one  feci 
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ttie  preparation  of  enamel  given  by  Knapp,  tlie  ashes  of  4 
of  tin  and  10  of  lead  are  directed  to  be  ground  u]>  with  10 
of  I'owdered  quartz  and  2  of  pure  soda  ash.     Other  i:>i«i(iue 
jej  iu:iy  I)e  substituted  fur  the  oxide  of  tin  in  the  preparation 
enamel :  in  this  manner  bone  a.sh,  oxide  of  antimony,  and  even 
liou*  anhydride,  are  sometimes  employetl  to  produce  the  opa- 
required.     The  enamel  may  be  tinged  of  any  desireil  ci^Iour 
"le  ouitiible  addition  of  metallic  oxides.    The  enamel  is  applied 
a  brash  to  the  surface  to  whieh  it  is  to  be  attachetl,  and  13 
en  fined  l)y  exposure  to  heat. 

A  unMiification  of  ghiss  resembling  enamel  has  l)een  used  to 
re  eiist-iron  p>ts,  as  a  substitute  for  tinning.  It  consists  of 
edered  tlints  ground  with  calcined  borax,  fine  clay,  and  a  little 
par.  This  mixture  is  made  into  a  paste  with  water,  and 
«hed  over  the  pots,  after  they  have  been  scoured  with  diluted 
phtiri<;  acid  and  well  rinswl  in  water;  while  they  are  .still  moist, 
bevare  dusted  over  with  a  glaze  composed  of  felsf>ar,  carbonate 
sotliiun,  borax,  and  a  little  oxifle  of  tin.  Having  iKjcn  thus 
jepareil,  the  pots  are  next  carefully  dried,  ajull  tinally  the  glaze 
Ifosed  or,;>/v</ under  a  mutHe  at  a  bright  red  heat.  Oxide  of 
d,  though  it  increases  the  fiisiMlity  <if  the  glaze,  should  be 
efnlly  avnided,  for  it  does  not  resist  the  action  of  acitk  in  culi- 

iijierations. 
(GOl  j  Proiwrties  of  Gld^s, — Well  made  glass  is  unacted  upon 
fwiy  acid  or  mixture  of  acitls  except  the  liydmiluorii',  whieh 
ays  it  by  ei)mliining  with  its  silica.  Bnt  it  is  not  altsolutely 
olnltle,  though  it  is  gi-nerally  considered  to  be  (.rapablu  t>f  with- 
ndiug  the  action  of  water.  If  glass  be  powdered  and  moistened 
;h  water,  the  licjnid  will  tlissolve  a  small  (^mintity  of  alkali, 
sufficient  to  turn  turmeric-pajjer  brown.  Most  varieties  of  jxiw- 
dereii  glass  when  exposed  lor  g<jme  time  to  the  air,  were  found  by 
Pelonze  to  absorb  carbonic  acid  in  quantity  sufficient  toett'ervesce 
'ben  treate<l  with  an  acid,  particularly  if  they  had  been  kept 
moistenetl  with  water.  If  left  long  in  water,  or  Ituried  in  moist 
^ith,  many  kinds  of  glass  beeoine  disintegi'ated  slowly,  and  scale 
"ff  in  tlakt»s  which  exhibit  the  hrilliatit  colours  of  Newton's  rings 
fU6|,  This  is  particularly  the  civse  with  the  coarse  glass  used 
for  wine  bottles.  Faraday  found  that  some  inferior  kinds  of 
hottlH  glass  were  destroyed  rapidly  by  the  action  of  diluted  sul- 
phuric acid. 

At  a  high  temperature  water  acts  tipon  glass  very  rapidly ; 
pieces  of  plate  and  window  glii.ss  were  suspended  by  Turner  in  the 
rtearn  of  a  high  pressure  boiler,  and  in  the  course  of  four  months, 
Sjiecirnens  of  plate  jjlass  one-liftb  uf  an  inch  thick  were  cmnpletely 
u<»)iiiix)sed  ;  and  I'Waday  found  that  Hint  glass,  under  similar 
circumstances,  was  still  more  rapidly  acted  upon. 

If  glass  be  suddenly  cooled  after  fusion,  it  becomes  extremely 
'>rittle.  When  drops  of  njcUed  glass  are  allowed  to  fall  into  water, 
•toy  sol  ill  ify  in  pear-shai>ed  ina.sses,  which  may  l)e  subjected  with- 
-it breaking  to  considerable  pressure,  if  gradually  applied  ;  but 
if  the  tjiil  of  one  of  these  drojw,  known  ns  Iiu.pert'«  dmim^  be 
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suddenly  niptitd  off,  the  glass  flies  t«>  pieces  with  a  kind  uf  «p|».  j 
sion,  and  is  shattered  to  powder.     This  effect  appears  tub*- datit 
the  unequal  tension  to  which   the  particle^s  «Kimi>i»«injr  the 
are  subjeeted,  owin^  to  the  sndden  coolinj^  of  the  outer  hiirf* 
the  glasti,  while  the  interior  is  ^.till  diluted :  as  the  mass  cihjIs,! 
particles  within,  l»y  a<ilie.sion  to  the  extei"Hid  solid  portion, 
still  kept  in  their  dihited  state;  but  a  very  slight  disturbance 
their  relative  position  suffices  to  overcome  their  ennilihriuin,  mid'' 
when  once  the  mass  gives  way  at  any  one  point,  tae  cohesion  nf 
tlie  whole  is  suddenly  destroyed. 

Siniilar  changes  occur  if  glass  articles  ore  allowed  to  cool 
rapidly  by  exposing  them  whilst  red  hot  to  tlie  external  air.    Gli 
objects  of  various  descriptions,  if  their  surface  be  but  scratched,! 
if  they  be  brought  suddenly  from  a  cold  room  into  a  w:irm 
will  often  crack  and  fall  to  pieces.     In  order  to  prevent  this  mig^ 
Lap,  it  is  necessary  to  subject  the  different  articles,  after  they  lisre 
received  their  destined  shape  at  the  hands  of  the  workman,  to  the 
operation  uf  annealing,  which  is  a  very  slow  and  gradual  [irnvm 
of  cooling,  by  which  the  parts  areenalded  to  assume  their  nutunl 
position  with  regard  to  each  other.     Even  then,  since  gla^sdiltiw 
considerably  on  tiic  ajiplication  of  heat,  and  is  likewise  a  bail  con- 
ductor, a  iiudden  and  iu<'HUti(ius  elevation  of  tem]»erature,  hucbaj 
that  occasioned  liy  jxiuriuii  boiling  water  into  a  cold  glass,  ofleo 
deteniiines  its  tracture.     (Jare  is  required  during  the  proce*  of 
annealing,  especially  with  the  coareer  kinds  of  glass,  not  to  mise 
the  temperature  t<M>  high  ;  as  otherwise  devitrification  to  a  greater 
or  less  extent  wonhl  be  liable  to  ensue. 

(002)  CuAKAtTERS  OF  TUK  Sai-ts  OF  SoDirM. — "NVe  havc 
good  direct  tests  for  the  salts  of  this  metal,  as  it  forms  scarw 
any  insolnblo  compounds.     Its  most  insoluble  salt  is  what  Ymnj 
has  termed  the  bimetantimoniate  of  sodium  (853),  which  i^  de- 
posited in  transparent  octohetlra  when  a  solution  of  freshlv  pre- 
pared hiiMtanihiioniaie  of  jxttnAsium  is  added  to  a  neutral  solution 
containing  sodium,  provided  that  tlie  lifpiid  has  been  previously 
freed  frttm   all  bases  except  tlie  alkalies:    1  part  of  sodium  in 
10,000  of  water  Mill  produce  a  piecipitate  with  this  test  after 
twenty-four  houi"s.     In  analysis,  a  salt  of  sodium  is  concluiled  to 
be  present  wlien  the  alisence  of  every  other  metal  hiLs  lieen  prove<i» 
and  yet  a  saline  residue  remains,  which  with  perchloride  of  pla- 
tinum gives  yellow  striated  prismatic  crystals  (2  Na(  !l,PtC'l,.ri  11,0^1 
by  spontaneous  evajioration.     Andrews  {Cfurrn.  Gas.  x.  37s)  li«^j 
pointed  out  a  property  of  this  salt  which  admits  of  its  identifica- 
tion in  extremely  minute  quantities;  a  <lrop  of  the  fl<jlulion  sus- 
pected to  contain  sodium  is  mixed   witli  a  minute  quantity  of  a 
solution  of  jteirliloride  of  phitinum,  and  allowed  to  evaporate  in 
a  warm  place  ;  if  before  it  is  <]nit<'  dry  it  be  pbicod  in  tlie  field  of 
the  microsco[)e,  and  exainiuHl  by  taciins  of  iMjlarized  light,  iiiinutc 
crystals  of  the  double  chloride  of  sodium  and  jdatinum  will  be 
distinguisiied  from  the  other  salts  with  whicli  thev  are  accom- 
panied, by  their  power  of  transmitting  the  jiolarized  light,  tinged 
with  various  colours,  accordmg  tQ  tke  tVvv«,KAv«a&  wt'  the  crystals 
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-  the  lAoicpipe  the  salts  of  sodium  are  known  by  \he,  intense 

which  they  c<»iii  in  an  it-ate  to  the  outer  flame,  if  a  fra^nent 

n.»duce(i  at  the  point  ot  tlie  blue  cone  upon  a  lo<3p  of  pla- 

wire;  and  this  flame,  if  ^-fxamined  by  the  spectroscope,  is 

to  consist  of  a  pure  ydlow  lifiht  cx:ictly  eoiucident  in  position 

Fraunhofer  s  double  line  d  in  the  solar  spectrum,  Fig.  5*2,  Na, 

1.  p.  151. 

Tlie  salts  of  sodinm  are  in  ceneral  more  soluble  thiin  those  of 
]N>ta««iiun  ;  the  sulphates  of  tnc  two  metals  aflbrd  a  striking  in- 
■tanoe  of  this  diflerencc:  the  sodium  salts  also  often  effloresce 
Tben  exposed  to  the  air,  whilst  thoee  of  potassium,  on  the  other 
hand,  frequently  deliquesce,  a  fact  well  exemplified  by  the  car- 
bonates ot  the  two  metals. 


§111.  I^rrnnTM:  1=7.  Sp.  Gr.  0-5936;  Fming^.  3.56°. 

fri()3>  LrrnirM,  the  metallic  base  of  the  third  of  the  alkalies, 
»  nt'  comparatively  recent  discovery,  and  derives  its  name  from 
*  (ast<.>ne),  as  it  wa*  at  tii'st  found  only  in  the  miiipral  kiri*;- 
II  was  supposed  to  be  a  very  rare  fmbstiinr-e,  but  Eunscn 
Kirchliotl'liave  shown,  by  means  of  the  niethml  of  spei'truni 
lysis,  that  though  sparingly  it  is  widely  distribute<l ;  they  found 
jinmany  micas  and  felspars,  in  the  Jish  of  tobacco  of  many  kinds, 
in  several  mineral  springs.  The  minerals  i if  most  fre(|uent 
_  smrence  which  contain  lithium  are  tiie  tlirco  which  folluw  ;  they 
yieM  this  alkali  in  proportion  varying  fi'om  3  to  6  per  cent,  of 
their  weifi:ht : — 

lepWolite,  or  litliia  micB. . .   2  [(LK)  F|  4  (A1,e„  3  SiO,)? 
Trijihane,  or  Bpodiimcno...  3  r(LNn)j«,SiO,].  4  (Al,e„  3  Sie,) 
Peulite 'i  [(LNn),e,  2  SiOj},  4  (AljO,,  G  Sie,). 

Metallic  lithium  is  easily  ro^lnced  fmrn  its  chloride  by  means 
oT ail  electric  current  obtained  tmm  four  or  six  paire  of  the  nitric 
•cid  battery.  The  metal  is  of  a  white  cf>lnur,  and  is  fusible  at 
256'.  It  IS  harder  than  potassium,  but  softer  thiin  lend,  and  ad- 
•nita  of  being:  welded  by  i>re?sure  at  ordinary  tcjiiperaturex:  it  can 
w  sqneezetl  into  wire,  which,  however,  is  inffrior  in  teinurity  to 
'l^i  wire  (if  the  same  dimensions.  Lithium  a]jpear3  to  be  the 
%htest  s<)Ii<l  b<:»dy  known  ;  it  floats  in  naphthn,  and  ba>  a  <len.'<ity 
of  miiy  i>'5936.  At  high  temperatures  it  is  volatile,  and  nujy  be 
'^stille<l  at  a  full  red  heat  in  a  current  of  hydrogen.  It  cannot, 
hi»ffevyr.  be  obtained  by  process^  similar  to  those  emjtloyotl  for 
I»otii^inm  and  sodium.  .V  fnigineiit  of  lithium  Inims  upon  a  jdate 
^Cinica  with  a  very  brilliant  wliitf?  light,  emitting  a  lieut  sidli- 
cifiitly  intense  to  melt  a  hole  in  the  mica;  Avlicn  thrown  upon 
*ater  it  swijiis  and  becomes  oxidizt-d,  like  s<xliuin.  If  thrown 
lilt)  Milpluiric  or  into  nitric  acid  it  usually  takes  fire. 

(.0(14)  Liihiir,  (L,O=30)  was <liscovere<l by  Arfweilson,  in  1S18. 
h  lUHy  be  extracteci  by  carefully  levigating  the  minerals  that  con- 
•>»ti  it,  and  i<;niting  the  fine  powder  with  twice  its  weight  of 
Htticklime.     Ihc  mki»  is  treated  with  hydrochloric  acid,  then  with 
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siil]*}airio  acid,  and  the  eiilpliate  of  litliiiim  l^  <.       '   ■  "        ^"m 
the  (.iilplmto  of  calcimn  ;  tlie  hi-st  ti-.tocs  uf  (>iili  ;  k1 

fiTiin  the  sohifion  of  sulphate  of  lithium  l)y  oxiihiti^  of  Hiiiiuiniium. 
Tlii-^  wihition  may  then  he  doprivcd  nf  siiljdmrit!  ticid,  mid  (nm- 
verted  into  caustic  lithia  by  the  addition  of  haryta  water;  ihc 
solution  on  evaporation  yields  hydrate  of  lithiu. 

Troost  {AntK  de  CMmie,  III.  li.  103)  wiisidors  it  to  htMnnrej 
advantiigeons  to  melt  10  parts  of  powdcre<l  lepidolite  with  10  of 
crtrlhiiiiitf  of  harium,  5  of  sulphate  of  barinni.  and  3  i»f  sulphate 
of  potassium.     The   fused   mass  Beparates  into  two  p<^>rt!<tns  a 
heavy  transparent  glass  and  a  6uj>ernataut  white  i^lag;  this  white 
ma-ijs  consist*!  of  a  mixture  of  the  sulphates  of  barium,  poto^inm, 
and  lithium,  and  contains  nearly  all  the  lithium.      The  sulphates, 
of  the  alkaline  metals  are  separated  from  that  of  barium  by  wash-^ 
ing,  and  a  portion  of  the  sulphate  of  potassium  is  n-ni^'ved  hyl 
crystallization.    The  remaining  suliihate-=i  of  ]>otaH-*iuro  and  lithinr 
may  he  converted  into  chltirides  b}'  the  addition  of  ehloride  of 
barium,  and  the  two  chlorides  se]>arated  by  evajtorating  lo  dryj 
ne.s3  and  digesting  them  in  a  mixture  of  ecjunl  ] »art«  of  alccitkc 
and  ether,  w'hich  diss(ilves  the  chloride  of  lithium  ntily. 

Hydrate  of  lithia  (LHO)  fuses  easily  below  redness,  and  cor 
rodcs  platinum  vessels  powerfully:  silver  capsule*  shouhl  there 
fore  always  lie  used  in  preparing  it.  This  action  np<»n  plutitiui 
is  one  of  tlie  best  inoications  of  the  presence  of  lithium.  U 
ajtpears  to  be  due  to  the  formation  of  an  unstable  iumxhlc 
Ittfiium,  which  imparts  its  oxvgen  rapidiv  to  the  platinum. 

(fi05)  CJihirUie  (f  Llikium  (LC\,  2  11,^  =  42-5  +  30)  is  fiwibl 
at  a  dull  red  heat:  it  crystallizes  at  temperatun*  alK>ve  O'l*  t| 
anhydrous  oct(»hedra ;  but  below  60°  in  8<]uare  pi'isms  with  2  U,^i 
it  is  one  of  the  most  deliquescent  salts  known.     If  it*  a«^n<»o« 
Bolution  be  evaporated  at  a  iiigh  temperature,  it  loses  a  i»ortn>r»  o| 
its  chlorine,  whilst  lithia  is  formed.     Cliloride  of  lithium  is  verl 
si>lul»le  in  alcohol,  and  in  a  mixture  of  equal  parts  of  ahi  ' 
ether;  as  this  mixture  (i<K?s  not  dissolve  the  chlorides  nl 
and  j)otassium,  it  may  be  used  to  separate  chloride  of  bthiut 
li'om  these  salts. 

Sulphate  of  Lkhhim  (L,SO.,  n.e  =  110  +  18;  Sp.  Gr.  2'( 
crystallizes  in  flat  tables,  which  are  very  sohiblc  in  water.    The 
appears   to  be  no   acid   sulphate  of  lithium,  thougli   a  doul 
P)ilphate  of  potassium  and  lithium  may  be  formed,  consistJnaj 
LKSe.. 

J*hnKphaif  of  Lithium    (L,,PO,  =  IIH)  is  one  of  the  mc 
characteristic  salts  of  this  alkali :  it  is  insoluble  in  water  lontnic 
ing  phosphates  of  the  alkalies,  and  in  alkaline  solutions,  iuit  vc 
soluble  in  acids  even  wlieii  very  dilute.     In  order  to  prepar 
caustic  soda  is  added  to  tlie  S4ilution  of  a  pnro  salt  of  lit! 
till  it  has  an  alkaline  reaction  :  phosphate  of  noilium  is  ai 
the  liquid  is  then  boiled.  Hn<1  IctV  tor  iit  l«*i(st  12  liourH.     A  lirav 

-it   of  pliosphate  of  lithim. 
II  cHrbiiiuife  of  WKliuni  In  . 
i*  transjiareuf  while  hot,  but  bocoiiied  opaque  on  <•■ 


gnimihir  crvstulli 
f^curs.    This  salt 
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feuuporicd  by  Berzelins  to  be  a  double  phosphate  of  sixliiim 
Uthmm,  appear*  to  have  been  a  mixture  and  not  a  detiaite 
onnd. 

irbonate  of  Ltthium  (L,©0,  =  74,  or  LO,CO,  =  37)  is  only 
;ly  soluble  in  water,  but  i;*  rather  more  solul)le  in  a  wilutioo 
rl)onic  acid :  it  has  an  alkaline  reaction  upon  turmeric.     At 
red  heat  it  melt8  into  a  white  enamel,  and  by  prolonged 
ion  loses  a  large  portion  of  it«  carlx^nic  acid. 
IGhabacters  of  toe  Salts  of  LrrnruM. — Generally  speaking 
Its  of  lithium  are  remarkably  fusible;  many  of  them  are 
idiquescent.     They  have  a  burning  saline  taste,  and  are 
sned  by  yielding   a  wliite    yirecipitate  of  carbonate  of 
^  ^  in  cold  concentrated  solutiiins  with  carbonate;  of  potassivm^ 
.  die  precipitate  disappears « in  adding  water  and  applying  heat ; 
1  reaction  is  Icj^s  delicate  v^hcn  salts  of  ammonium  are  present, 
the  addition  oi  phosjihate  of  sodium  to  solutions  which  are 
Mral  or  alkaline,  the  j'hosphate  of  lithium  is  formetl;  it  is 
ible  in  the  acids  and  in  solutions  of  salts  of  ammonium.    Jfiifoi'e 
Uiiwpij)e  the  salt?  of  lithium  communicate    a   piirplirih  red 
Dur  to  the  llame,  which  is  masked  Ity  ttie  presence  of  salts  of 
ftidimii  in  very  small  proportion.     3y  meaii!>  of  tlie  s])ectroseopo 
theo(reiUTeneeof  very  minute  traces  of  lithium  iniiy  be  discovered 
hi  brilliant  crimson  band,  which  has  a  refrangibility  between 
tuHt  of  the  lines  b  and  c  of  the  solar  spectrum.     At  very  high 
Muperatures  a  faint  band  in  the  orange  may  sometimes  be  seen. 
Intmi?>c  two  lines  the  whole  liglit  of  the  lithium  spi'ctrum  is  con- 
tained when  formed  by  the  gjui-llaine  of  Bunscn's  g!is-1<urner  (tig. 
82).  When  litliium  salts  arelieated  on  platinum  foil  they  corrode 
it  rapidly. 

\  lY.  RcBmnm :  Rb  =  85-36.    Sj^.  Or.  1'52 ;  Fming-pt.  101-3. 

(606)  RpBimrM  derives  its  name  from   rnhidus  (dark   red), 

Base  the  spectra  of  its  salts,  when  volatilized  in  the  colourless 

Qe  of  a  Bunsen  gas-burner,  exiiiliit  a  remarkable  pirir  of  rod 

s,  less  refrangible  than  Frautdiofor's  line  a  (Part  1,  Fig.  .S3, 

S,  p.  1.51),     Rubiilinm  was  discovered  in  ISfiO  by  Jiun«>ii  and 

Sirchliotl*  during  their  investigations  on  the  spectra  of  artiticial 

]   flimee  (Liebig's  Annal.  exix.  107,  and  cxxii.  34^7).     It  is  usually 

present  in  small  quantity  in  lepidolite,  and  traces  of  it  occur  in 

many  of  the  mineral  springs  of  t4crriiany.    It  has  also  been  found 

I   by  Ornuideau  {Ann.  de  Chimie,  III.  Ixvii.  155)  in  minute  quantity 

I   Ul  beet-root,  in   tobacco,  and  in  the  ashes  of  a  great  variety  of 

plants,  being,  though  sparingly,  yet  very  widely  distrllmted.    The 

•eparation  of  rubidium  i'n»ni  other  metals  is  funiided  upon  tlie 

sparing  soluljility  of  the  chloride  nf  rul»i<lium  and  platiiniri),  by  a 

fnethixl  which  will  be  described  when  speaking  of  the  extraction 

ofc(csiiun.     Metallic  rubidivun  was  extracted  by  I'uiisjen  from  the 

charred  acid  tartrate,  1100  grains  of  which  when  distilled  fur- 

tusbod  about  Ho  grains  of  a  lirilliant  silver-white  metallic  mass. 


I 


lirowai  upon  water  it  lakes  nro  mm  bums  ^ 
auce  exactly  resembling  that  of  pcitaesiiiin. 

(607)  Jiubidia,  i>T protoxuU  o^  ;W//f//unMRl>,0=  186-7)  i« 
powerful  alkaline  biise  which  may  be  nhtained  from  the  carbonata' 
or  sulphate  in  the  form  of  hydrate  (UbIlO=lti2'3)  br 
resombliiig  those  adopted  for  hvdnite  of  jji«tii»li.     It  in  ver 
li<pii*scoiit,  is  soluble  in  alcoliof,  atid  absorbri  carbonic  acid 
avidity. 

chloride  of  rvMdlum  (RbCl  =  120-9)  crystallize*  witli  diffi- 
culty io  cubes ;  it  is  eaftily  fusible,  and  is  more  soltible  than 
of  potassium,  but  is  pcmiauent  r'n  the  air.     With  chh 

iilatiuum  it  forms  a  sparingly  soluble  double  chloride 
*tClJ  which  re<piircs  is.>  times  its  wciglit  of  boilinj;  water  \>jt 
its  sfdution.     If  fused  chloride  of  rubidium  ie  Bubiuittcd  to  elec- 
trolysis, the  reduced  metal  is  dissolved  by  the  cliloride  and  fbi 
a  pmalt-blue  subchloride. 

Stdp/ii/fe  of  rf'brdit/m  (Rb,S<^,=2»lG'7J  crystftlliz<3»  in 
brilliant  anhydrous  prisms,  isomorphous  with  those  of  tiulpliate  oi 
potassium,  but  it  is  much  more  soluble  than  this  salt     A  tmi 
nibidium  alum  may  be  obtained  in  octohedral  crystal'*  by  -" 
ing  a  mixture  of  the  Bulphato  with  sulphate  of  alimiinum  • 
orate  spontaneously.     An  acid  sulphate  of  rubidium  (KbllM:*j  , 
also  known. 

JYitra/e  of  ruf/idium  (lih'SO,=14:7'3)  is  a  very  wdi: 
re(]uiring  23  parts  of  water  at  ol"  for  its  solution.  Il  vr\ 
in  (lihexjigonal  ])risius,  terminated  by  dihexagonal  pvraniidn. 

Curb(»iate  ofruhidlvni  (Ilb,€'O,=230-7)  isft  dcli«iue«<'«*nt  «tH 
wliicli  may  be  obtained  with  ditticulty  in  crystals  with  1I,0.     ]| 
absorbs  carbonic  acid  with  avidity  aiirl  furniKlics  an  avid  carhtmi 
(Ubllt^O,)  which  crystullizes  in  brilliimt  prisuis  that  are  pei 
niTit  in  the  air  and  insoluble  in  alcohol.      When  heated  tboy 
converted  into  the  normal  carbonate,  which  by  further  clevi 
of  temperature  fuses  easily. 

CuARAcrEiis  i)F  THE  Sai.ts  OF  IlcBtpnTM. — Thc  saltu  "f* 
dium  are  distinmiished  from  tli«)8e  of  potiLssiuni  with  di 

The  chloride  of  i-ubidium  and  platinum  is  the  most  eli   

by  its  sjiaring  golubility  in  boiling  water,  it  maybe  p*  i 
the  potaw*ium  salt,  whi«"h  i.-.  solidile  in  one-eighth  of  llit.  (jimi 
of  water  required  lor  solution  nf  an  equ^d  weight  of  the  nibit 
ealt.     The  most  certain  te^t  is  the  iii  i-  of  the  Hiunt'  in  tl 

Bpeetr(»scope,  which  exliiliitb  two  eh:  tic  lines  in  the 

less  refrangilile  than  that  of  potassiiun,  and  two  liuivtin  the  blnt^ 
iutennediato  between  those  of  ccesiuin  and  potaasimn. 


\ 


%  V.  CcEsiiM :  C8=133. 
(60S)  This  tuetal  deriveii  its  name  from  cotBtn*,  eky  blue,  ii 
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to  the  two  hrillinnt  blue  bands  which  it  produces  in  the 
iim  of  a  gas  flame  in  which  its  conifKiunds  are  undergoing 
itjon.  It  was  <li(»covei'ed  by  BunAen  and  ICircldiott'at  tlie 
IB  as  rubidium  (Pixjo.  Anmd.  cxiii.  337),  which  indeed  it 
■  aocompaJiies  in  vcrv  small  quantity.  C<esinrn  was  tirigi- 
discovered  amongst  the  haline  constituents  of  the  Durkheim 
Bg,  the  water  of  which  contains  alxnit  one  tive-millionth  of 
sight  of  a  salt  of  ecesium,  or  alwjut  1  grain  in  140  gallons, 
aary  lepidolite  contains  only  traces;  but  a  variety  of  this 
"  from  Hebron,  in  the  State  of  Maine,  N.A.,  was  found, 
ohnson  and  Allen,  to  yield  0*24  per  cent,  of  the  metal.  Still 
recently,  Pisani  has  tound  ctesium  to  the  extent  of  32  per 
in  a  rare  mineral  named  poIlux,  analogous  to  analcime,  ob- 
"  from  the  island  of  Elba  {Comptes  Rendu*,  21  April,  isG-i). 
^Jttger,  in  examining  the  salt  obtained  by  evaporating  down 
mother-liiiuor  of  the  Xanheim  spring,  discovered  in  it  coesium, 
,  and  thallium.  He,  indeed,  recommends  it  as  the 
source  of  the  two  new  alkaline  metals  ;  they  exist  in  the 
ig  in  the  form  of  chlorides, 
order  to  obtain  the  compounds  of  coesium,  advantage  is 
of  the  insolubility  of  its  doulile  chloride  with  platinum, 
ia  little  more  than  half  as  soluble  in  boiling  water  as  the 
corresponding  salt  of  rnbidinra.  The  mi.xtnre  which  contains  the 
rnbidiaia  ana  ecesium  is  treed  from  compounds  of  the  earths  and 
other  metals  by  the  ordinary  methods,  and  the  residue,  which 
'  1-  salt*  of  the  alkalies  only,  is  mixed  with  a  solution  of  per- 
(tf  platinum,  which  if  added  in  excess  precipitates  nearly 
Uic  wliule  ot  the  rubidium  and  ctesium,  together  witli  a  large  pro- 
portion of  potassium.  B\'  continued  Ixiilinop  of  the  precipitate 
vitL  siiudl  quantities  of  water,  repeated  eighteen  or  twenty  times' 
in  biioe^jjjvion,  so  long  as  the  wiifiliiugs  have  a  yellow  colour,  the 
Wtassium  salt  is  rernovetl.  The  platinum  salt  is  reduced  by 
lifciting  it  in  a  current  of  hydrogen.  The  mixed  cldorides  of 
niliiiliuiu  and  coesium  are  dissolved  out  by  water,  and  converted 
D  sulphates  by  heating  them  with  an  excess  of  sulphuric  acid, 
id  expelled  by  ignition.  Un  adding  pure  baryta  water  to 
itioa  of  the  sulpluites,  the  alkahes  are  obtained  in  the 
state,  and  may  then  easily  be  converted  into  carbonates, 
Jitlier  by  cnrlM>nic  acid  or  carl»ouate  of  ammonium.     Once  moi-e 

»Mution  of  the  mixed  carbonates  is  evaporated  to  complete 
less,  and  treated  with  boiling  absolute  alcohol,  which  dissolves 
the  carbonate  of  eussium,  and  leaves  the  carbonate  of  rubi- 
(*  On  evaporatioii  of  the  alcoholic  solution  a  tolerably  pure 
Date  of  coesium  is  obtained. 
be  beat  piaa  of  aeparatintr  ccBsium  from  rnbidiDm,  aooordiiiR'  to  Allen  and  John- 
turiats  io  tdking  advantage  of  the  inrorior  Huliibility  or  the  acid  birtrute  of  nibi- 
Tlie  fniiod  carbonates  are  to  be  neutralized  with  tortaric  acid,  and  then  a 
<ii«nHty  of  the  acid  is  added  equal  to  that  required  for  conTerting  the  rubidium  into 
ttuKTid  tartrate,  leaving?  the  (Niesiiim  ill  the  solution  as  normal  tartrate,  which  ia  deli- 
<!*»<»m.  The  sohitiini  is  i-onoeTitrBted  by  evaporation  nutU  it  is  nearly  saturatod  at 
•b»boilio)f-point.  The  rubidium  salt  orystullizes  out  on  eoolinj!;,  and  may  bo  piiriliw! 
by  recrystdliizatioQ.    This  add  tartrate  (RbiitJ.Iiittg;  roituircB  8'6  parts  of  boiling 
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An  amalgam  of  coesium  may  be  procured  bv  submit 
Bohition  of  the  clilorido  to  elfctrolysis,  eiii|>K>viiig  a  j/ImIi 
mert'urv  for  the  negative  elci-trode.  This  amalgam  is  even 
elcctrojK»itive  than  that  of  nil»idinm,  so  that  C(je«ium  is  th( 
elec'intpositive  element  as  yet  disioovered. 

(tiUt»)   C<£-ftia  (Cr,0).— ^Crp&ium  apfiears  to  form  two 
a  blue  suboxide,  and  a  ix>werfnlly  bsisic  03ud' 
iK>tasli  and  s«jda,  termed  ca-JitHi.  The  liydrute  of 
IS  very  deliquescent,  and  puweHuUy  caut^tic  :  it  it<  ii 

in  alcohol.     When  heated,  it  fuees  readily,  and  att.. 

Chloride  of  c/t«ium  (C9Cl=in8'5)  crystallizes  in  cub»>N( 
deliqueecent ;  it  melts  at  a  low  red  heat.     1(X>  parts  of  c-lJ 
of  ca^ium  contain  21*07  parts  of  chlorine,  while  an  equal  Mtie 
of  chloride  of  rubidium  contains  29*7,  and  of  chloride  of  potMH 
47"y  of  chlorine.  fl^ 

The  chloride  of  filatinum  and  ceemvm  (2  CsCl,  PtCl,=ffW 
crystallizes  in  yellow  transparent  octohe<lra :  100  parts  of  Uiilia 
water  diiisolve  0*377  of  the  ealt  (l^ungen). 

SulphaU  of  Ofsium  (Cs^SO,)  is  aidiydrous,  permanent 
air,  but  very  soluble  in  water.     It  fonna  double  salt*  wis 
phate  of  magrneeium.  and  other  sulphates^  of  that  class  of  the 
(Cs,Se.,  M^Se,  .  6  I1,0).     it  ako  yields  a  crystalHzahle  kino 
An  acid  Bulpliate  (CsJISO,)  may  be  obtained  in  ehort  rhomU 
prisms. 

Nitrate  of  ca'slum  (C»NO,=105)  is  anhydrous  and  komoqilioB 
with  nitrates  of  rubidium  and  potatisium.     It  is  pennanetili 
air,  has  a  cooling  taste,  and  is  c^oluble  in  ten  tune&  its  we 
cold  water. 

Ctirbonat^  ofcomnm  (C8,CO,=  32fi)  is  deliquescent:  it  i 
live  times  its  weight  of  boiling  alcohol  for  solution.     An  Jf«i3 
honaie  (C.*II€^,==194)  maybe  obtained  in  brilliant  pri^umfj 
crystals,  which  are  permanent  in  the  air. 

The  salts  of  cfesium  are  not  easily  distinguished  froin 
lX)tiis#iuni  and  rubidium,  except  by  tiie  characteristic  lines 
Bpectrura  of  their  flame  (Part  I.  p,  151). 

§VI.  AMMONitTM:  11,1^=^18  (hypothetical). 

(010)  Action  of  Oxyacid  Anhydrides  on.  Ammonia. — ^WhfflH 
_  Boons  ammonia  (II.K)  is  presented  to  the  aran/*,  or  aidiy<lrii] 
of  the  oxyacids,  eiich  as  sulphuric  (SO,),  sulphurous  C^,), 
carbonic  (OO,)  anhydride,  the  gas  enters  into  eoiubinntiouC 
the  anliydride,  and  a  peculiiu*  compound  is  formed,  in  whic^H 
maintained  by  Laurent  and  Gerhardt  that  one-half  of  the  anifflV 
only  exists  in  the  form  of  an  ordinary  ammoniacAl  salt,  the  otl 
half  having  entered  into  combination  with  the  elements  of  1 
anhydride,  to  form  a  compound  termed  an  amidated  acidij 
product  obtained  diiTers,  therefore,  in  many  important 
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and  94  parts  of  wator  at  7  T  °  for  iU  aolation.  The  add  «BAium  mlt  la  soluble  in  tti^ 
weight  of  boiling  water,  and  in  10  ports  of  water  at  77',  and  ibo  normal  alt  is  < 
qucdoont. — Buosen,  i^Vtf.  AnnaL  axis.  L 
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the  compound  which  would  be  obtained  by  neutralizing 
irith  ammonia  a  solution  of  the  same  acid  iu  water.  Ih  the 
Utter  case,  one  of  the  ordinary  '  Baits  of  ammonia,''  as  they  are 
■oallv  termed,  is  produced:  iu  the  former  case  an  ammoniacal 
salt  of  new  amidated  acid  would  be  the  result ;  but  the  prepara- 
tion uf  these  amidated  compounds  is  difficidt,  and  their  true  nature 
v>  not  as  yet  thoroughly  ascertained.* 

The  general  properties  of  these  bodies  may  be  illustrated  by 
eiftniining  the  several  combinations  formed  l)etween  the  sulphuric 
Dd  bulphurous-anhydrides  and  dry  ammoniacal  gas. 
(fill)  Sulphurie  Ainmonide,  oulphat-umjium  (II,N),SO,. — At 
It  three  distinct  compounds  may  be  obtained  by  the  action  of 
'ammonia  on  sulphuric  anliydride.  When  a  current  of  dry 
noniac«l  ga.**  is  transmitted  over  sulphuric  anhydride,  placed  in 
iy  and  maintained  at  a  low  temperature,  taking  care  to  leave 
anhydride  somewhat  in  excess,  a  liard  gummy  mass  is  pro- 
whicb  when  exposed  to  the  air  absorbs  moisture  and 
ttduallv  deliquesces.  The  li(iuid  thus  obtained  is  saturated 
■ith  carWnate  of  barium,  in  oi-ilt-r  to  remove  the  excess  of  acid, 
ml  is  then  evaporated  ;  it  yioM-*  Inrge  transparent  crystals  deriveti 
from  an  octohedron  with  a  square  luise.  This  compound  is  the 
paratntlp/iat-fXtiimoH  of  Rose,  and  consists,  according  to  this  che- 
mist, of  (FI,N),SO,.  It  is  freely  soluble  in  water,  but  insoluble  in 
•leohol.  Its  solution  has  a  bitter  t^iste,  and  gives  no  precipitate 
with  saltH  of  barium,  and  none  with  jxirchlorido  of  platinum.  By 
longlM)iling  with  water,  or  with  a  solution  of  tartaric  acid,  it  is 
slowly  changed  into  ordinary  sulpluite  of  ammonium;  but  if 
Lheated  with  a  free  alkali,  sulpliate  of  the  alkaline  metal  is  6j)eedily 
pftxliiced,  and  ammonia  is  expelle*]. 

If  ammoniacal  gas  in  excess  be  made  to  act  upon  sulphuric 
anlivflride,  another  compiund,  isomeric  with  the  former,  tenued 
mdrihut-iimm^n  by  Rose,  is  obtained.  It  does  not  crystallize, 
Ma  i;.  fpiickly  transformed  when  in  solution  into  sulphate  of 
•minonium. 

A  third  compound,  which  may  be  procured  in  beautilul  trans- 
parent crystals,  is  prepared  by  transmitting  the  vapour  of  sul- 
I'liiiric  anhydride  into  ammoniacal  gas  in  excess;  the  solid  com- 
]>«iinil  thus  obtained  is  fjused  in  a  current  of  dry  annnonia,  and 
jlisiKilved  in  water.  The  crystals  obtained  on  evajjnration,  accord- 
Wg  to  Jjvcquelain,  consist  oi  (H,N),  2  SO,.    Allliough  tlie  solution 

•  Those  compounds  of  ammonia  with  tho  nnhydridoa  are  often  incorrootly  !>pokon 
•^f  w  amiiU.t.  The  araidPB  of  monobasic  adds  are,  properly  speaking,  salts  ofatnmo- 
liiani  wliich  havo  been  deprived  of  1  atom  of  water.  Bccucoatu  of  aianioniam 
IH^f^,II,Oj),  for  example,  wlien  deprived  of  I1,0,  fumishcs  n  Avbite  luaiblc  roliitile 
•olid  known  as  bcraarinde  ('n,N(:\HjO).  Tlie  umideg  of  the  dibnaio  acids  ar»  salts 
of  amiDOQiura  which  liuvo  been  deprive<i  of  2  atoms  of  water.  Sidjihamidt  woiJdbe 
(HjSjjtH+s,  and  would  contain  an  atom  of  water  less  than  sulphuric  ammonide.  The 
^tamonidtd,  or  ammow,  as  tlifse  compounds  of  ammonia  with  the  anhydrides  of  dibuaic 
Vdda  hftTe  b«en  U-Tincd,  cuntaiu  only  1  atom  of  water  less  than  the  oniiimry  *ilts  of 
tamoniam.  Salphate  of  ammonium,  for  instance,  may  bo  rupre&cntod  as  (II,N)jSO,, 
VhUe  dulphuric  ammonide  onntainfl  (Tl3N^jS+},.  The  difTerout  varieties  of  fomponnda 
«)itaincd  from  the  aalta  of  uninoaiA  by  dehydration  wiU  be  oousidered  amougat  tbt 
products  of  orgnuic  cbeiuistiy. 


of  this  cnnipriuml  has  an  acid  reaction,  it  gives  no  precij 
salts  of  barium. 

{rA2)  S.,/pf,it^Amrf)on{ll,'S),QO,.— If  <}ry  im 

aiiiiydrule  be  mixed   M'ith  an  execs*  of  pen.  ni- 

aeat  i^aa,  1  volume  of  tlie  arliydride  and  2  of  ammonia  combine 
and  ifomi  a  yellow  amorj'hous,  volatile,  deliquescent  compound,   J 
which  when  dissolved  in  water  undergoes  gradual  dec<>inpugiri(>n  ■ 
(R<««e).  ^ 

If  the  pulphurons  anhydride  be  in  exee!»8,  a  different  com- 
pound is  formed  (II.NSO,),  con'csponding  in  composition  to  uciil- 
Bulpliite  of  ammonium  fmm  M-liieh  1  atom  of  nater  has  been 
abstnuted  :  H,NSO,  +  H,B  =  H.NIl!^..  It  is  a  red.lish  yellow, 
crvjitalline,  volatile  siibstance,  freely  soluble  in  Wiiter:  when  in 
solution,  it  19  speedily  decoinpofjed  into  -jtjlpJmte  ami  trithionnte  of 
ammonium; +(H,NfeO,)+2H,e  =  (lI.N),*?0.  +  (H,N),Se,.  Ko 
such  decomposition  occtirs  when  the  ordinaiy  acid  eniphite  ct  ■ 
ftinniftinum  is  dis^riDlved  in  water. 

Phopphorie  and  ciirbonic  anhydrides  also  form  ammonukv, 
which  are  anaUrir<iu8  to  those  which  have  just  been  de«eril)ed. 

(filS)  Acttcn  fff  Aiihi/flM'iH  Hyflroi'Hh  im  Ainmoixin. — Dry 
ammoniacal  gas  likewise  nnitei*  with  facility  with  the  atdiydroiis 
hydradds,  but  the  comT»outids  which  are  produced  do  ntit  eorre" 
epond  in  properties  to  the  airmiouides,  but,  on  the  contrary,  form 
ordinary  salt*  of  animonimn.  For  example,  dry  hydrochloric  acid 
and  dry  ammoniacal  gases  UTiitc  with  avidity,  and  a  white  ixilid 
compound  is  produced,  which  is  onliiiary  snl  amnutniac:  when 
dis!»olved  in  water  it  givi*?  with  solution  of  nitrate  of  f^ilver  the 
ar^ual  cnrdy  pi'CfHpitate  in<licative  of  clilnrinc,  and  with  |>erch!oride 
of  platinum  the  usual  yellow  double  salt  chunicteristic  of  ft.ilt-  .>f 
ammonium  is  deposited. 

(fil4)  Theory  of  Ammrmhrm. — The  diffcroncefi  hetwivn  t.,i- 
characters  of  the  compomids  which  dry  ammonia  fonns  witli  the 
oxyacid  arihydridea,  and  tluwe  which  it  produce*  with  the  unhv- 
droun  hydracids  were  exj)lairied  by  Iierzelius  with  the  aid  of  a 
JiA-pothei-is  originally  snggeeted  1»y  j^mjv^re,  which  has  been  tcnnetl 
the  ammonium  theory,  by  the  adoption  of  which  the  salt*  of 
ammonia  admit  of  being  considered  as  possessing  a  conBtitutfdft 
analogous  to  that  of  the  metallic  salts. 

According  to  this  view,  the  componnds  which  are  firequcntTy 
spoken  of  as  salts  of  ammonia  with  the  oxyacida  do  not  contain. I 
ammonia  at  all,  but  a  compound  in  which  the  dements  of  an  atom 
of  water  have  been  added  to  tho&e  of  ammonia  [IT^N-f-IT  O]  :  in 
consequence  of  the  assimilation  of  this  atom  of  water,  tiie  f»ul>- 
etanoe  which  L«  formed  may  be  regarded  as  (H,N)HO,  liydratod 
oxide  of  ammonium,  analojjous  to  hydrate  of  potash  (KIIO),  and 
the  basis  of  tlie  saltvH  which  it  yields  would  be  tlic  comp«itmd  hr»djr 
aromonium  (H.Nj.  which  takes  tlie  place  of  a  metal.     Anhydrocu  | 
ammonia,  when  it  unites  with    the  oxyacid    anhv«lridM.  must  I 
therefore  produce  l>odies  vcr>' different  from  tb-       '      '      '" 
combination  of  hydrated  ammonia  with  the  CO. 
the  action  of  the  same  j«iliydridc«  upon  water,  as  may  be  ««*»,  loi 
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mstanoe,  by  comparing  tho  formula  of  the  coiuitounii  with  anlphiirie 
ftuli^dride,  aud  with  bulpluiriu  ucid  whcu  water  is  present : — 

Solpbaric  aianiciniil*.  Sttl|ih>t*  of  unmaalliMi 


(ii,N>.se. 


(U.X)^,. 


It  U  likewise  easy  to  see  why,  by  the  combination  of  anhydi'ouA 
inuuouia  with  a  hydracid  equally  free  from  water,  a  true  salt  of 
«uuiii)iiium  should  bu  formed :  for  iustauce,  hy»lruchloric  at-id  aud 
lia,  by  thtiir  union  yield  chloride  of  amiuoiiium,  a  ealt  wliich 
lii'vi  'Ur<lv  pre)?ents  the  closest  analogy  with  the  metallic  chlorides  ; 
a,N-f-lld=(U.N)Cl. 

With  the  oxyacido,  then,  auinioaia  forms  two  classes  of  com- 
jvttmls;  the  more  iuipurt*int  cUiss  constitutes  the  normal  salta 
of  tlie  alkali  in  which  the  eleuient-s  uf  water  are  uei^cfwarily  pres- 
et; the  iither  class  cunsists  of  the  ainnn)nides  already  deR'ribed, 

The  theory  of  animonitim  is  supposed  to  derive  considerable 
ropiKirl  from  the  foUowiuji  reuiarkablo  experiment: — If  an  anial- 
gHin  of  potasc^ium  or  of  so<liuiii  be  moistened  with  a  concentrated 
soliitjnu  of  sal  ammoniac  (^LI.XCI),  the  amalj^ani  iiimiediately  l>e- 
giiL-  tu  increase  in  bulk,  and  ultimately  swells  up  till  it  aetpu'"*'''  3 
•irlii  times  its  oritjiual  volume,  and  it  at  the  same  time  assumes  a 
yulj  consistence,  but  still  preserves  its  metallic  lustre.     This  sub- 

Bce,  if  exposed  to  a  temj>erature  of  0'^  F.,  crystallizes  in  cuWs, 
'^begins  to  under<ro  spontaneous  decomposition immetliately  alU^r 
its  pruiluction,  and  the  eame  eflect  oconra  still  more  rajiidly  if  it 
keplacetl  in  water  :  hydrogen  gas  is  given  oti'  in  minute  bubbles, 
WQiuumonia  is  found  in  the  solution.  It  is  generally  supjiosod 
tluitUiis  remarkable  amalgam  consists  of  a  combination  of  11, N 
(w  tiiumonimu)  with  mercury.  On  attempting  to  expel  the  mer- 
ynry  by  heat,  however,  the  compouad  is  decompvisotl,  metallic 
laercary  is  sublimed,  and  a  mixture  of  hydrogen  an<l  ammoniacal 

Kovulved  :  all  other  attempts  to  isolate  the  ammonium  have 
n  equally  unsuccesstul.  The  proportion  of  ummonium  ])re*ent 
in  the  amalgam,  notwithstanding  the  great  changt!  in  bulk  and  in 
properties  experienced  by  the  mercurv,  is  extremely  miuute, 
^niouuling,  according  to  Uay-Lussac  and  Tlienard.  to  little  more 
tluiiKiue  two-thousaudth  of  the  weight  of  the  ujercury. 

(015)  Sofuiitfn  of  Aiiimoiila. — The  prejmratiou  of  ammoniacal 

?»*  and  of  its  a(jueouB  solution  have  been  already  de6cril>ed  (J^ti'J). 
Ite  ACibition  iu  water  hiis  an  uiteusely  alkaline  reaction,  and  luay 
'^6  ri'gaixled  as  a  solution  of  hydrated  oxide  of  annni»nium  (M^iN' 
J^O) ;  but  when  heated,  pure  ainmoniacal  gas  (Il^N)  aloue  is  ex- 

glled,  aud  by  piwsing  tlie  gas  through  a  tube  tilled  with  quick- 
_  le,  to  absorb  the  water  whiuh  it  carries  over  with  it  in  susj>eii- 
*iOn,  ammonia  may  be  obtained  in  a  state  of  purity.  Tiie  solu- 
tion in  water,  when  neutralized  by  acids  and  evaporated,  yields  tlia 
•ordinary  salts  of  ammonium. 

The  compt)unds  of  ammonium  are  eontiimally  receiving  fresh 
applications.  The  Btilphate  and  the  chloride  are  extensively  used 
la  \he prej'ai-ation  of  amaioma-aJam,  as  a  bubstitute  {or  iW  «)X- 
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responding  componnds  of  potassium ;  fur  agricultnral  pur 
tlie  6iil])liate  is  largely  used,  ns  a  manure  lor  cereal  crojw.  CnitotU 
ainnioiiia  is  emi>loved  by  tlio  dvfr  as  a  w»lvont  for  c<K'hineal ; 
is  essential  in  tlie  prej)aratif>Ti  cif  orchil  and  tlie  lichen  colour 
A  rcMuarkable  application  of  ammonia  has  al.«M  lately  been  uiwi 
in  Cane's  refrigerating  maehine^  {note,  Part  I.,  p.  2(11 ),  which  :it 
already  extensively  used  in  chemical  o])erations  on  a  large  K-alc. 

(616)  Sur.pniDES  of  A>r>ioxirM.  —  Ammonium  fornre  sever 
snljMiides  which  are  freely  soluble  in  water.     The  jm)to»u/j}hidi 
[(II,X),S],  if  it  exist  at  all,  cannot  be  procJired  in  a  eolid  Innnr 
U  may  be  prepared  in  solution  by  dividing  a  ([Uantity  of 
of   ammonia  into  two  equal  portitnia,  thmugli  one  of  w'.i 
})huretted  hydrogen  is  transmitted  so  long  tis  it  is  absorbed  I :  tin 
saturated  liquid  is  then  added  to  tlie  second  portion  of  tiie  wdutit 
It  is,  however,  powible,  tliough  not  probable,  tliat  the  tw^o  soli 
tions  II.NIIS  and  11, N,lIO  may  remain  uncombine<i,  instead  of 
uniting  to  form  (H^N),S4-H,0.     This  liquid  disMilves  many  of] 
the  sulpliides  of  the  metals  which  furnish  acids  with  oxygen,  &nC 
form;*  double  sulphides  with    them  (535,551).      Many  of    theJ< 
double  sulphides  may  be  obtained  in  crvstals;    this,  for  exampk 
is   the  case  Mnth   those  which  contflin  the  pentasubihide  of  auti 
monv  and  of  arsenic,  and  the  tersiilphide  oi  jnolvbdenum. 

liisulphule  of  ainmonium  (n,X),S„  or  (II.JsS,)  may  be 
twined  in  large  yellow,  tnins|iarinit,  very  neliuuescent  crj-sta 
by  passing  sulphur  vapour  and  dry  ammonia  through  a  ried'hc 
porcelain  tube.     In  the  hydrated  form  it  ha*  been  long  Jcnown 
JinijIf''H  fuming  liquor,  and  is  prepared  In'  calcining  .".  i 
Blakcd  lime  with  2  of  8uli>hnr,  and  distilling  three  jjart 
mixture  witli  2  of  sal  ammoniac  and  1  i>art<>f  sulj>hur :  aVflJoW,^ 
oily,  f(t>ti<l  liquor  passes  over  which  fHim*s  in  the  air,  and  oncooV 
ing.  dcjiosifs  deliquescent  yellow 'lamellar  crystals;    acids  disen 

fage  hydrosulphuric  acid  from  it,  and  cause  a  dejKxiit  of  ^.ii.v.i 
ts  aqueous  solution  dissolves  a  large  quantity  of  fiilphur. 
H  jK'ntdttufpfiiflf,  (H,N),S,,  which  crystallizes  from  its  w»liiri..M 
long  orange-yellow  oblique  rhombic  ])rlsm».     Frit«'he  ha«  aL-*o  ol 
tained  a  crvstalHzwl  comjwund  containing  (n,N),8,. 

iS"//»A/f?<'  ff  ommonimn  and  hydrogen,  or  miljthhydrat^ 
mntonlinn  ^rt,NllS=51)  is  the  liciuid  commonly  ubwI  as  a 
rent  under  the  name  of  liydrosuljiliate  of  ammonia:  it  is  fonni 
by  transmitting  «ulphnrette<:l  hydrogen  througli  a  64ilntion  of 
monia  to  satunUion.     This  liquid,  when  uewly  pre]»ared    • 
oiii-li'vi,  but  it  ab!Mirl»s  oxygen  rai'idly  fnmi  the  nir,  and 
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nia  combine  "with  2  of  suli)liurett.ed  hydmgen,  and  condense  in 

ye1l<iwi?h,  transparent,  brillirtnt  plates,  wliicli  are  very  volatile,  an(' 

Bubliine  without  decoinpuaition ;  they  are  very  soluble  in  water. 

(01 7j  CuLoitmK  OF  Ammosixim  (1I,NC1=53'5)  ;  iS^.  Gr.  of 


Solid,  1-578 ;  of  Vap/ur,  0-89 ;   Mol.  Vol.  of  Vapour, 


ComitosUion,  in  100  mtrtA,  IICl,  OS-22  ;  IT.N,  31-78.— Jfur/ate  of 
JLmitutnui,  or  StU  Animonnu.!  as  it  is  commonly  termed,  is  tfio 
most  important  of  the  salts  of  ammonium.  It  may  be  formed  di- 
rpetly  by  the  union  of  livdrot:hluric  acid  an<l  ammoniacal  j^ases : 
it  w:m  formerly  imported  fr(»m  Ej^ypt  in  considerable  qtuuitity  as 
a  product  of  the  distillation  of  dried  eamel's  dniitr,  but  in  this 
country  it  is  now  I'liniislied  almont  entirely  from  amino)tiacal 
I*(jiut*r,  a  waste  produet  from  the  coal-gas  works.  Coal  contains 
a  portion  of  nitrogen,  whieh,  during  the  process  of  distillation,  is 
|mrtially  converted  into  ammonia;  this  eombines  with  carbonic 
aetd  and  with  sulphurettetl  hydrogen  :  thet^e  compounds  are  <:im- 
denpt'd  with  the  gaj*  litpior  from  which  the  amaumia  is  subse- 
quently extracted.  The  best  procesd  for  preparing  !?al  ammoniac 
con^iinis  in  neutralizintr  the  gas  liquor  with  hydrochloric  acid. 
For  this  purpose  the  ii([uid  i»  ]Hniiped  up  from  a  tank  into  the 
decoinp<«cr, — a  large  wooden  vat  closely  fitted  with  a  cover,  eon- 
nectoi  with  flues  for  carrying  off  the  ga.seous  jjroducts  ;  the  acid 
in  i^nitable  quantity  is  place<l  in  jars,  from  which  it  i.s  bIowIv 
drawn  otf  by  *ij>hons,  ami  is  thus  :ilIoweil  to  mix  gradually  witli 
the  liquor  ;  abundance  of  gas  is  disengaged,  and  is  ma<U'  to  pass 
through  a  lire,  where  the  snlphuretteil  hydro^cen  is  burned  :  mncli 
of  the  tarry  matter  (derived  frou»  the  coal)  which  was  held  in 
eolation,  is  depojite<l  during  this  operation,  and  the  li<piid  t'rotlis 
Up  wjiisiderably,  any  loss  wliich  might  l)e  tluis  ocesusioned  being 
prevented  by  the  use  of  a  waste-pipe,  by  which  the  overflow  is 
cai'ried  back  into  the  tank  below.  When  the  liquor  has  thus  been 
neutralized,  it  is  run  into  a  covered  eva]>oratiug  ]ian,  where  tho 
remaining  portions  of  suli>huretted  hydrogen  are  expelled  ;  after 
further  eoneentratiou  it  is  drawn  off  into  sha!li>w  wooden  vessels, 
liued  with  lead,  to  crystallize:  the  crystals  thus  procured  are 
<lrairied,  and  the  mother-liquor  is  again  concentrated.  The  rough 
i»vstals  are  ne.xt  heated  in  a  cast-iron  pan,  to  a  point  approaching 
liat  At  wliich  sublimation  commences  ;  a  good  deal  of  tarry  mat- 
^^r.  which  the  salt  still  retains,  is  expelled  during  this  rosisting. 
Clio  salt  is  then  sidilimed  in  a  strong  cvliiidricHl  iron  ])ot,  fnr- 
»  idif-il  with  a  leaden  or  iron  cover  lined  with  tire-clay  ;  the  fire 
«•  mlerneath  is  gradually  raised,  aiul  the  salt  sublimes  and  is  depo- 
sited in  large  dome-shaped  cakes  (»n  the  inner  surface  of  the  cover. 
The  liquors  which  are  condensed  during  the  <lihtillation  of 
>«ttos  ia  closed  iron  cylinders,  in  the  process  of  preparing  animal 

i  'iir-volumo  of  this  and  of  gevoral  of  flie  salts  of  ainmnnium,  including 
t*!  ritr  and  hydrooyanate,  is  anomalous,  bo inj;  double  thnt  of  most  com- 

P-  iiiistx  coriHider  that  in  the'  uct  of  evn{iorBtion  the  acid  aud  basa 

**-  .  I.  ,n>lr,  \\  81)  in  thL-se  salts. 
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charcoal,  are  liighlv  chaj'ged  with  an  impure  carbonate  of  anuno- 
iiiuin,  contaminated  with  volatile  oily  hikJ  tan-y  \ir04hift~  ,1.  I'v.,? 
iVuui  the  action  of  heat  upon  animal  matter:  these  lii 
a  source  of  ammoniacul  salts  of  s<jine  importance:  ti'tnn n-.  i  .n 
liquid,  after  lieing  suhiec.tod  to  a  partial  puriiication,  wh.-^  oiii- 
monly  known  as  spirit  of  }utii'>i-horn,  becaxif<e  a  similar  liqnur 
wu«  orij^inally  obtaiue<l  bv  the  distillation  of  hi^irn  shnviiiirv 

Sublimed   chloride   of    aminoiiium    forms    eejui  ; 
touffh,  fibrous  maijfies.     It  is  wry  ftolublo  in  water,  ! 
which  at  rtO°  diewolves  3('>  parts,  and  at  the  Innlinir-poii  r* 

of  the  salt:  a  j^reat  reduction  of  lemperafure  oecurr.  .......  ii  ii 

u[idcr<j;oing  solntion,  and  it  is  hence  employed  a*  a  coninnni  ingre- 
dient in  freezuifj  mixtures;  it  erystallizi's  Hr.iuilly  in  nn  nrb" 
fonn.  liut  soinetimet*  in  cube*  and  octt 'Indira.  Sal  anujxn 
a  sharp,  acrid  ta-ite;  it  isslifflitly  soluble  in  alcoiiol,  When  lu.*kUvL, 
it  sublimes  mueii  lielow  red netw,  In-fore  under|ioiii{?  fusion.  It  liitf 
a  strong  tendency  to  form  double  salts  with  tJie  ehluridoA  inoii? 
electro-ne<;ative  than  itijclf.  Tiie  compounds  of  many  iiivtaU 
which  form  volatile  ehloridee,  such  as  the  areeinates  and  amenitt!*, 
the  autimoniatc^  and  the  stantnites  when  heated  with  chlurid* 
of  ammonium,  lose  the  arsenic,  autimony,  and  tin  in  the  f<«nu  of 
chlorides  of  thcKc  metals;  and  the  r.»lts  of  lead,  iron,  zii  ' 

aluminum,  are  decomposed  and  completely  volatilized  when    . 
with  a  larije  excess  of  chlori«le  of  aimnonium.     K<jt<e  oI<m.>. 
that  all  tlie  basic  protoxides  of  the  form  N"t>,  huch  a>*  nrotoj 
of  iron,  cobalt,  and  manganese. — and  oxides  of  thi^  form  ri,<->,  wurli 

as  suboxide  of  copper,  also  decompose  chloride   of  ' 

when  heated  with  its  solution,  the  ammonia  being  dis] 

metallic  oxide,  and  a  fixed  metallic  chlorido  being  foruMti,  wui'^l 

not  one  of  the  sesipiioxides  has  this  jxiwer. 

(fibS)  Siri.HHATK  OF  Ammoxh-m  [(II,N  >,SO,=132,  w  '' 
S0,=(l(5 :  Sp.  (ir.  rHl»r>|  \fs  jirepared  in  largi*  »iuuntitv  by 
ing  giis  liijUor  to  distillation,  and  condeUMng  the  volatiliztHJ  aui« 
moiiia  in  sulphuric  acid.  The  salt  crystallizes  out  from  tt 
strongly  aci<l  liijnor,  which  is  employe*!  to  condense  fna^U  uu 
moiiia  m  subseipient  operations.  On  a  small  strale  it  mav  be  «l» 
tained  in  a  pure  form  by  adding  ser*i|uicarbonate  of  ammouiudi 
to  dilute  snlphuric  acid  so  long  as  any  ctlerveseenee  onsuf*!*.  1| 
crystallizes  m  Hattened  prisms,  which  are  i6omor|)hous  will 
those  of  sulphate  of  jxftas.'^ium  ;  it  is  wiluble  in  twiiv  it*  weight  of 
cold  water,  and  has  a  sharp,  disagreeable  ta^te;  when  heat^-d  \\ 
decre|iitates,  at  S.S-f^  it  melts,  and  between  SOO""  and  tiiMi"  it  nndcr« 
goes  partial  deeomtMtsition,  sulphite  of  ammonium  l)»''""  •"■ 
the  ]iroducts.  It  lomis  a  great  number  of  <louble  - 
phous  with  the  corresponding  salts  i>f  jxttiissinm. 
ammonium  hits  lately  been  applie<l  to  musliiLs  and  ' 
fur  the  purtiose  of  preventing  them  from  l)urning  with 
ca.<(e  they  should  ac<'identally  tidcy  tire,  Thi'  tinisluid  g-- 
di|ip('(|  into  a  nolntion  containing  lo  per  cent,  of  tlie  Bait, 
di'ied  in  a  centrifugal  machine,  or  liijiiro-rrtrtirtor, 

forinc^l  M'hicli  has  tho  fum 
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'  (cia)  XmtATE  OF  Ammonittm  (H,N^0„  or  H,N(>,XO,=S0); 
Sp.  (Jr.  1-635. — This  is  a  salt  of  some  importance  to  the  chemist, 
K  it  furnishes  him  with  a  ready  Bourt^e  oi  pure  iiitr(iu»  nxide.  It 
'•&  priwored  by  neutralizing  nitric  acid  with  a  aolntion  of  sesqui- 
carlioimte  of  aninioniiun:  on  evaporation,  the  salt  orvatallizes  in 
l"iiL-  -rriateil  anUydrouB  prisms ;  by  rai>id  evajioratioii  it  is  obtained 
eiiliir  in  a  tibrous  or  in  an  amoi-pnous  mass.  It  has  a  bitter 
scrid  taste,  is  somewhat  deliquescent,  and  during  the  act  of  sola- 
iiises  a  i^reat  depreftsiiiii  of  temperature,  hence  it  is  often 
i.i  fri^uritic  niixturej*:  when  heated  to  220°  it  melts,  and  at 
iN)  it  undern;oe5?  complete  decomjkosition,  being  converted  into 
Dim  Ills  oxide  and  water,  in  the  manner  already  desoribed  (364); 
D>'X0,  =  X,0  +  2  II,0.  If  thrown  on  a  red-hot  plate  it  melta] 
hiise?..  and  i*  dispersed  with  a  faiut  bluish  flame, 

(t;2u)  Carbonates  of  AiLMosuir. — Neutral  carbonate  of  am- 
.:u  i»  not  known  in  the  Bulid  fonn.  When  carbonic  auhy- 
id  <lry  aminunia  are  mixed,  nn  matter  in  what  proportions,  3 
-  4if  ammonia  and  1  of  carbonic  aidiydridc  unite,  and  are  con* 
I  into  a  white  i>oliii,  carbamate  of  ammonium  Kuno:  formed: 
8c<:(.r(iing  to  Gerhardt,  2  II,N'  +  eO,  =  II,XII,XeO,.  "This  com- 
pouiul  is  rapidly  converted  bv  water  into  neutral  carl)onate  of  am- 
moniam  :  H.XH.Nee,  +  ii,e  =  (n,N),ee,.  There  are,  how- 
ever, several  compounds  of  ammonium  with  carbonic  acid.  The 
niost  important  of  these  is  the  «i:M<jiiuy/ffiynaU,  the  common  car- 
Ijonnte  or  smelliiuf-HaiU  of  tlie  shops  (2[II,X),0<^,]00,=236,  or 
2H,X(X3  CO,  =  118) ;  Comj>osUian  in  KM)  pari^,  II,N,  28-81; 
60.,  5JIJ3 ;  1I,0,  15'2(j.  It  is  usually  obtaiuetl  as  a  jiemi-traus- 
l^rcut  Hbrous  ma»s,  by  mixing  chalk  with  half  its  weight  of  sul- 
phatt',  or  of  chloride  of  amniuninra,  collecting  in  leaden  vessels 
the  crude  pri»duct  which  comes  over  on  ajiplyiug  heat,  and  resub- 
limiuij  the  mixture  at  a  temperature  of  about  15<>^  F. ;  the  salt  is 
i*<:-i'<i \ L'd  in  lea«len  hoods,  iu  the  interior  of  which  it  is  deposited, 
1^'uiiii;  this  process  a  large  quantity  of  free  ammonia  escapes, 
i'l'-uNe  the  neutral  oarimuate  of  animoninm  cannot  exist  at  that 
'''iu[.i-nit.ure.  The  decomposition  of  the  chloride  of  ammonium 
^*y  be  represented  thus  : — 

sn.Nci  +  3  eaeo,  =  s  enci,  +  2[(H^N),e©>]  ee,  +  2  H,if  +  H.e. 

Tlie  sesquicarbonato  of  ammonium  has  a  strong,  jiungont  smell, 
Ijlce  that  of  pure  ammonia,  arisini;  from  the  ('ontiiiual  volatiliza- 
tion of  carbonic  ammonide  at  ordinary  temperatures  ; 

2  [(ii,x),eo,]€>e,  becoming  2  (M.xii6e.)+(n^),ee,. 

f^viiig  to  tliis  I068  of  ammonia  the  salt  speedily  becomes  coated 
with  !i  white  spongy  crust  of  bicarbonate.  If  the  powdered  salt 
^  J'laced  upon  a  ifiiter,  and  washed  with  succe^ssive  small  quanti- 
tiaof  cold  wateTj  the  neutral  carbonate  may  be  gnvduaW^'  (JLVsayVv- 
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ed  awaj,  and  biuai'bouato  of  niniuouium,  wliich  is  a  more 
ingly  Boluhle  salt,  will  be  left  upon  the  filter.  The  f^c^iDK-aflM 
iiiite  has  ail  acrid  taste  and  a  strongly  allialine  reaiHon.  In  it 
ordinary  form  tltt*  t^iibliiiied  salt  lias  a  conijioKition  w  I 
tional,  since  in  order  to  convert  it  into  a  normal  fec- 
it woiiM  reijuiro  an  additional  atom  of  water,  \vl»i<-h  is  n*-«(i 
found  in  the  comnierciid  salt;  but  its  ai{ueouti  solution,  if  liuti 
rated  and  cxjiosed  to  a  tcm]»erature  of  32°,  de]»oftitft  large,  trnna 
parent  (letohedra  with  a  rliombic  base,  of  tl»e  true  liydruteiJ  s^e* 
quiearboiiute  [(H,N).H,  3  60,,  2  H,Oj.  Acoordin;;  to  the 
seareheti  of  Rose  there  are  several  conntounds  reeultint;  fnnu  t! 
coudiination  of  the  carbonate  with  different  proportions  of 
carbonate  of  aninioninin. 

The  Acid  Carbonate  or  Bicarhonnie  of  Ammonivm  (II.NIK 
=  79;  SjK  Gt.  l"5Sr>)  is  isomoi-jdious  with  tlio  com*poMdiii| 
potassium  salt :  it  is  soluble  in  8  parte  of  cold  water,  and  if  tl»( 
Bfdution  be  heated,  carbonic  arid  escapes;  when  exjKJhod  to  tJjj 
air  the  dry  &aU  liecomes  slowly  volatilized.  It  may  be  obfairiH 
in  large  ti*an!*parent  prismatic  crys^tals,  derived  from  a  rhombi^ 
octohedron  (4(lI,NIIfrf>,)n,Oj,  by  pouring  boiling  wator  iipoa 
the  ees(|uicarbonat.e,  corking  the  ibisk,  and  allowing  it  to  cool.  \\ 
is  feometimes  formed  spontaneoUf'ly  during  the  decomposition  of 
giiauo,  and  is  then  deposited  in  large  regularly  fonned  eryatals. 

Carbonate  of  annnonium  combines  with  many  metallic  carl 
nates,  forming  double  salts. 

((!2l)    PtiosiMiA.TE8  r»F  Am-monh'm,  corrcfiponding  to  those  iii 
sodium,  niiiy  be  formed;  but  the  only  one  of  any  im|xjrtan(r  ii 
the  trilia^ic  iihosjdiate  of  sodium  ammonium  and  hvdrogen,  known 
as  m'icnx'oxwU:  mlt  (Nall^NILPe.  .  4  II.O.  or  I^aO.H.NdJIO 
I*<), .  v>  110=137  +  72).     It  is  prepared  by  mixing  a  hot  soluti^^ 
of  0  parts  of  pluKijihate  of  sodium  with  a  solution  of  1  part  of  chlfl 
ride  of  ammonium  in  the  smallest  nossilile  quantity  of  wutt'rj 
connnon  salt  remains  in  solution,  and  the  phosphate  crystalli* 
in  large  transparent  prisms,  which  are  emoi-eftcont  in  a  dry  aili 
It   may  be    purified    oy  a  second   crystallization  from   a  fitnal 
qiiaritity  of  h(»t  Mater  to  which  a  little  free  ammonia  hiw  ben 
ndileil,  to  couipensate  for  the  loss  of  ammonia   which  the  sal^ 
sustains  wheik  heated  in  solution.     By  ignition,  all  the  ammniu 
and  water  are  e.\[)elled,  nietaphosphate  of  sodium  rcinaiu&|j 
fuses  into  a  colourless  glass  at  a  red  heat.     This  salt  is  eotnc 
employc«l  as  a  fiux  for  exjierinicnt.*  with  the  blowpipe,  »is  tlicj 
dis.Holve.s  many  metallic  oxi^les,  and  forms  transparent  bead^j 
the  colour  of  which  the  pre^wnce  of  certain  metal»  can  in 
cases  be  n.scertained. 

(022)  Amiuonkiif'il  SalU. — Anhydrons  amniorda  enierj  intil 
cond)inntiou  with  many  ardiydrous  metallic  salts  in  a  manned 
somewhat  analogous  to  that  of  water  of  crystallization.     In  \A\\t 
jjjascs,  salts  whicli  ufiually  retain  water  ot  crystallization  It""'' 
(itlier  partially  or  entirely  when  they  combine  with  ainic 
1)Ut  the  nuud)er  of  atoms  of  ammonia  is  not  inrtui  i 
projH)r(ion  of  water  wiUx  wUieh  the  salt  j^cnerally  unit 
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of  silver,  of  tin,  of  copper,  and  of  uoloiuiu,  salphnte  of  cimpor,  nud 
of  zinc,  nitnito  of  BJlvor,  and  of  copfter.  form  coinpounuA  of  tide 
kind  with  luumonia.  The  composition  of  &ome  of  tliese  salts  ia 
cjdiibited  in  the  subjoined  table : — 

At.  Wt.     8p.  gt. 

AmmoDutUid  chloride  of  silver AgC1,2  HiN lT7-fi 

1.  "  "  copper ^uCK.G  H,N 2:tiV4 

2.  "'  "  copper euCI.,4  H,N,H,e 2204     TfiTl 

S,  "  "  copper    ...  euGl,, 2  H,N • lllSl    2194 

"  "  culciura <:^aCl;,8  H,y   247 

"        Bulphate  of  silver Ag>H,.4- H,X 3S0       2018 

"  "  copper <^u.SH.,4  UiN.UjO 245'4     l-7aO 

"        nitrate    of   iD»er AjjNf>,,3  II.N  221 

"  "  copper eu  2  Ne.,4  1I,N 2£i5'0     1'874 

Tlie*e  coniponnds  when  expi'>8ed  to  the  air  lose  a  portion  of 
the  ammonia;  if  boat  be  ajjplied,  the  liiiimoidu  is  otk'U  entirely 
eJtpellfd.  a?  in  the  ca.so  of  ammouiated  t-hloride  of  silver,  the  com- 
pound originally  emjdoyed  by  Farailay  for  obtaining  animoniacal 
gas  in  the  liquid  form  ;  the  chloride  of  silver  is  left  unaltered  when 
the  aminuiuu  is  driven  otf.  In  other  instances  the  elements  of 
aiiuiionia  react  upon  the  salt  and  decompose  it.  For  exam]>Ie, 
ainnjotuato<l  eldoride  of  copper,  BnV\,  C  H,N,  when  heated,  tii-st 
lwe«?  -i  atoms  of  ammonia,  and  then  the  residue  (<:7uCl,  2  II, N) 
underj'oes  the.  following  decomposition;  t»  (OnCl,  2  H,N)  = 
6  ©uOl  +  r.  H,NC1  +  4II,N  +  N,.  The  correspon-ling  compound 
of  nickel  is  reduced  to  the  metallic  state  when  heated. 

In.  solution  ammonia  also  condiines  with  many  metallic  salts, 
forming  analogous  compounds;  by  ex])osure  to  air  the  anunonia 
tsciipcs,  Salts  of  zinc  form  a  colourless  solution  with  excess  of 
ununoiua ;  tho.se  of  cobalt  give  a  brown,  wbieli  passes  into  red; 
whilst  the  salts  of  nickel  and  of  copper  give  a  violet-blue  so- 
lution. 

(C23)  Action  of  Ammonia  upon  Salt«  in  Solution. — From 
what  has  bcx-^n  already  stated,  it  is  evident  that  ammonia  acts 
utHiti  metallio  salts  not  merely  as  a  powerful  ba.se,  as  in  eases 
where  ca^i^tic  potash  or  soda  are  made  to  rlecoioposo  them.  The 
roftiilts  ]>roduced  l>y  the  additiim  of  animoina  to  a  solution  of  a 
metallic  salt  may  be  stated  a,s  follows  : — 

I. — If  the  ammonia  be  insutKcient  in  <|uantity  to  neutralize 
the  whole  of  the  acid  contained  in  the  metallic  salt,  a  sparingly 
loluble  basic  salt  of  the  metal  may  be  precipitated:  in  this  way 
baiiic  sulphate  of  copper,  basic  nitrate  of  lead,  or  ba'sic  sulpliate  of 
alumiiintri,  may  be  fonned;  for  instance,  4  OuSO^  +  G  II,N-|- 

T  u,e=:i  [(ii.N),se.]-f-(Guso.,3  eue,4  H,e). 

2. — If  the  ammonia  be  present  in  excess,  it  may,  by  reacting 

0V"n  the  acid  of  the  salt,  produce  with  it  a  soluble  salt  of  am- 

fii'i'iinm,  whilst  a  precipitate  of  the  metallic  oxide  in  a  hydrated 

occasionc<l:  as  when  alumina,  oxide  of  chromium,  or  per- 

d'  iron,  ia  thrown  downi  fiom  its  salts : — for  example, 

2(Fr,  3  Se,)+12H,N-|-9H,e=6[(H,N),SO,]  +  2  Fe,e„3U,e. 

M. — Sometimes  the  ammonia,  if  iu  excess,  combinea  vi\\\v  \V\vi 
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prc'ci])itHliHl  oxide,  as  it  does  with  peroxide  of  araniunu  wbai 
mixed  witli  a  solution  of  ui*ttiiic  nitrate : — 

4. — In  Dtlicr  cases  a  double  salt  of  ainrnoninrn  and  • 
may  Vie  prefinitated,  as  when  ammonia  is  mixed  with  a 
containing  phosphoric  acid  and  nia^esiura,   in    which  owe  a 
double  phospiiate  of  maguet^ium  and  ammonium  is  fonu«;d 
deposited   in   crystals:  MgSO,+  (H.N),PO.=(H.N),SO.+i 

Rca<.>ti<tns  corresponding  to  the  four  modes  of  action  jtist 
cated  frequently  occur,  when  a  sohition  of  a  caustic  alkali,  sucLiii 
potash  or  s«Mhi,  is  mixed  with  a  metallic  ealt  in  s«:>luti<)n. 

5. — A  si>liil)le  conijiouud  niiiv  l>e  formed,  into  the  ct»iniM>Bitiii 
of  whii.'h   both  the  metallic  oxide  and  the  ammonia  enter,  m\ 
unite  with  the  acid  so  as  to  form  a  species  of  double  biwic 
Hydrate  of  ma*^nesia,  hydi-ated  oxide  of  copper,  of  zinc,  uf  cohall 
or  of  nickel,  when  free  from  acid,  is  very  Bpariugly  dissolved  byti 
e^^dution  of  pure  caustic  amiii«inia,  but  a  mlxtm'e  of  ehlnritle  d 
ammonium,   or  oven  t)f  ciu'bonato  of  aiuuionium,  with  caiislia 
ammonia,   dissolves    thein    without   difficulty.      Tlie   cornjinun 
thus  dissolved  are  definite  iu  comptwitiou.  and  similar  in  uatuM 
to  those  enumerated  in  the  table  idven  in  the  preceding  pa«« 
the  result  of  the  attifm  of  ammoiuiical  gas  upon  the  dry  saltaOl 
the  metals.     Tlie  solutions  of  these  salts  in  amuionia  faMjuend/ 
absorb  oxygen  rapidly  if  exposed  to  the  air :  salts  of  iron,  tiiang*'j 
nese,  aiid  cobalt  furnish  examjiles  of  this  kind.  { 

6. — Rut  it  occasionally  happens  that  the  elements  of  aniinuni* 
enter  into  tlie  coinjtosltion  of  the  salt  iu  a  more  intimate  niunuer, 
When  a  solution   of  corrosive  sublimate  (ffgCl^)  is  nnxeil  with 
6olution   of  potash,  a  yellow  [u-ecijiitate  of  oxide  of  mercnry 
fonned,  and  chloride  of  potassiuni  remains  in  solution  ;  HgCl, -f- 
2  KH0=HgO  +  2KCl+ir,O;  but  the  case  is  otherwise  if 
monia  be  added  ;  a  white  precipitate  is  then  formed,  tlie  coini 
Bition  of  which   is  unchaiiijed  by  the  addition  of  an   •       ■-  ^ 
ammonia.     Kane  (J*Iiil.  Mag.,  June,  1S36,  p.  41)5)  sh^ 
this  body  has  a  composition  whicli  nuiy  be  representotl  by  die  li>r 
mula  of  FIgCl.HglljN,.     Its  formation  may  be  exphuned  by  tL( 
following  equation : — 

2  HgCl,+4  H.N={2gCl„HgH,N.)  +  2  H,NCL 

From  this  result,  conjoined  with   others   obtaine<i   from  al 
examination  of  other  anunoniacal  derivatives  from  copper,  pall 
dium,  and  other  metal-J,  Kane  was  led  to  believe  that  ammonia  1 
not  a  direct  compound  of  hydrogen  with  nitrogen,  but  rather 
combination  of  an  atom  of  amidogen  with  one  of  hydrogen ;  ( 
that  he  represents  ammonia  as  HAd  (Ad  standing  for  amidi»gi>i 
HjN) ;  tho  atom  of  hydrogen  being  liable  to  displacement  by  « 
equivalent  either  of  mercury  or  of  certain  other  metals.     <  >t 
atom  of  such  an  amide  of  mercury  (HgAd,  or  HgAd,)  is,  accordin 
to  Kane,  contained  in  white  precipitate,  in  combination  with 
atom  of  chloride  ot  metGur^. 
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Later  cxperiinents,  however,  e^jxriallv  tliofie  nf  Iliifinann,  on 
tlie  foniiatioii  uf  buses  by  sulwtitutkm  troui  amnnmia.  have  not 
etrengtheneil  the  theory  im>iMi!«e(l  l>y  Kane;  they  have  shown  tliai 
not  ouly  iKkjs  1  n.t*>tn  of  hydrt>gcn  admit  of  l>eing  dif5]>laoed  by 
e>ome  e<jnivaleiit  Biiljetance,  but  that  t^acli  of  the  3  atuiiin  of  liydiv*- 
gen  in  ammonift  admit*  of  being  thna  displaced  ;  tiuy  toore,  that 
oiHlic:-  rrniy  l»c  olrtaint-d  wliioh  are  derived  fi-oni  anujKjninni,  in 
wlii«'li  all  the  4  atonih  of  hydroijiMi  in  thie  coinjvmnd  have  been 
dwplaeed  by  otlier  cinivaieiit  IxHlici*.  These  investigations  point 
r»tiier  t«»  the  view  thitt  white  precipitate  is  a  body  eorresipitndiug 
in  coinpoaition  to  chlnridc  of  amuiouium  (H,N,(J1)  but  in  which  3 
atoms  of  hydroj^en  are  disi)lft<;ed  by  1  atom  of  the  dyad  nietal 
inercnry  (llg"ri,N,CI).  We  shall  recur  to  tliese  invegtigationa 
when  consideriiijj  the  properties  of  the  organic  bases. 

7. — Witliin  the  hist  few  years  several  remarkable  bases  which 

ideriveil  from  ammonia  liave  been  formed,  l)Ut  into  tlie  compo- 
Htion  of  wliieh  certain  metal*  enter.  Althongh  thence  eomponnds 
oontAin  tJie  elements  of  ammonia,  and  of  the  oxide.s  of  the  metals, 
yet  lUev  do  not,  by  means  of  the  ordinal^  tests,  give  any  indica- 
tions either  of  ammonia  or  of  the  metals  which  enter  into  their 
COTnjiositiou,  , 

In  thin  manner  several  series  of  eomponnds  have  been  pro- 
cured. f^o'MH  of  wliicli  Contain  platintun,  others,  contain  cobalt,  and 
otl  II  ;  in  most  instances  they  form  crystallizable  and 

yevi  .'.L'd  salts. 

Amongi't  the  eomponnds  thuis  formed,  fonr  of  those  o])tained 
{from  platinum  may  be  selected  by  way  of  illustration.  The  first 
of  thcae  c<jntBitig  a  base  for  which  Gerliardt  has  proposefl  the  name 
of  r'  '  ''ne,  PtH,N,0  ;  the  second,  lie  has  tenned  dl-plutrma- 
m'  -.^,^  ■  li,^  ;  the  third,  j^ilatinamhn^,  Ptll.N.O, ;  and 

lourili,  dipl-atinamht^y  PtII|,N,0,.  Tlie  base  last  mentioned 
not  Bij  yet  been  olitaineil  in  a  separate  fonn. 

Each  of  these  bases  forms  with  hydrochloric  acid  a  crystalliz- 
I  abl^  6«lt.  the  comj>oRitioii  of  which  is  represented  by  the  enipiri- 
|eal  formula  ffiven  in  the  second  column  of  the  following  tiible, 
whilst  the  tViird  column  i&hows  the  relation  of  tlie  compound  to 
the  chloride  of  platinum  from  which  it  is  oljtained  ;  the  tirs^t  two 
c«.i^  -  being  derived  from  platinoos  chloride,  tlie  last  two 

fivi.  ;ic  chloride: — 


Chloride  of  platosatnine 
"  diplatcsamine 

"  platinamine 

"  diplatinamine 


Ptn,N,ci, 

PtH„N,CU 
PtH.N,Cl, 
PtH„N,Cl, 


or 


PtCl,,  2  H.N 
PtCI,,  4  II.N 
PtCl,,  2  II.X 
PtCl,,  4  H.N. 


(634^  CnARACTEBa  of  the  Gimtoxtntw  of  AMMomrM. — The 
ll'  linm  are  colourless;  they  are  all  decompose<l  by 

a«'id  it*olf  be  capable  of  volatilization,  in  which 
Rv  .11 'rally  be  (?nl»linie<l  without  change.     Thej' are 

di-;     _  i    \":\\  the  salts  of  all  the  metals,  with  the  exception 

ot  those  of  tlie  alkaline  gi'oup,  by  the  absence  of  any  precl^iX&Xie 
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when  their  sohitions  nre  mixed  witli  a  solution  of  carbonatet 
potassium  or  ol"  sodium. 

The  8.iltri  of  anminiiiura  may  l>e  i-ecopniflcd  by  heating  tLe 
in  the  solid  form  witli  qnick/ime  or  vritli  cetu«tic  poiof.K.'Kh 

Euugent  fiirat-s  of  ammonift  are  extricated :  if  tljeir  ^lutionf 
oiled  with  hydrate  either  of  potash  or  lime  a  similar  cxtrieati 
of  aminouia  cuftiies,  and  if  the  quantity  of  amm«inia  lie  tiwi 
to  be  detected  by  the  emell,  a  rod  dipped  into  kmlro'hhrnc  a 
diluted  with  an  equal  bulk  of  water,  produces  white  fumes  i 
liroupht  inti»  the  vajionr ;  tlieae  fumes  are  due  to  the  nnn" 
of  sal  auiinoniae,  whieh  is  formed  by  the  union  of  the  \_ 
ammonia  with  t]ie  vapour  of  the  hydroehloric  acid,  and  is  pn 
nitated  in  the  solid  fonii.     A  eharacteristie  test  of  free  auinifi 
i«  the  formation  of  the  bhiek  iotlide  of  nitrogen  in  a  sohiticmi 
iodine  in  iodide  of  potassinm  ;  liut  if  the  proj.>ortion  of  am 
be  very  minute,  the  only  pereeptible  change  is  the  dis!ipjj< 
of  the  brown  eoluur  nf  the  siiliitiou. 

.^\nother   very  characteristic  and  extremely  delicate  Iwl 
annuonia  and  of  its  salts  is  the  fnlluwing: — Prepare  a  sohitioni 
corrosive  sublimate  tu  whieh  iodide  of  potassium  is  added 
tho  prccipitjitc  of  i<»dide  of,  mercury  is  nearly  redissolved;  tlx 
ponr  into  tlie  clear  lirpiid  a  solution  of  caustic  pota«h.  and  alh 
it  to  beeonie  pert'ectly  clear  by  standing,  then  decant  thelitiuil 
If  this  solution  bo  added  in  excess  to  a  liquid  cDutainirifr  a  tr 
of  auiOHpnia,  or  of  its  salts,  it  assumes  a  brown  tinge,  «ir  furaifli 
a  brown  precii»itate,  according  as  the  proportion  of  annuonia  is! 
or  more,  io<lide  of  hydrarg-ammonium,  or  ammonium  in  which] 
atoms  of  liydroiren  are  displaced  by  2  of  mercury  (Hg,"^.  1,H,C 
being  fiii'ined  (\essler).     The  reaction  does  not  occur  in  the  J* 
ence  of  sulphides  or  cyanides  of  the  metals  of  the  alkalies. 

'i^uij.'hosphoinolyhdate  of  Sodlvvi,  is  also  a  very  delicate  t« 
for  the  presence  of  a  salt  of  ammonium  in  84dut.ion,     The  luo 
of  preparing  and  applying   it  is  descrilied  under  the  head 
molybdic  aeal  (829).    Another  still  more  delicate  test  of  the  pT 
ence  of  free  ammouia  is  aflorded  by  the  use  of  a  liquid  coUfiifitii 
of  a  mixture  of  equal  pai'ts  of  a  saturated  solution  of  arEcnio 
acid  and  id' a  solution  of  nitrate  of  silver  containing  10  grainej 
the  ounce ;  traces  of  anmionia  cause  the  formation  of  the  yella 
arsenite  of  silver  (Dr.  A.  Taylor).     This,  however,  though  a 
sitive,  is  not  a  characteristic  test,  since  a  trace  of  any  free  alk 
or  alkaline  earth  produces  a  similar  result, 

(rt;i5)  Esthnation  (>f  Ammonia. — The  most  accurate  meth 
of  determining  the  quantity  of  ammonia  in  any  substance,  if  I 
absence  of  potassium  has  been  ascertained,  canisist*  in  precipit 
ing  it  by  the percMoride  of  jAntinvm,  observing  all  the  pret 
tions  mentioned  when  speaking  of  the  use  of  this  test  forjwti 
eium;  a  yellow  insoluble  double  salt  falls,  consisting  of  (2  H,N» 
PtCl<) :  It  contains,  in  inO  parts,  7 "05  of  ammonia,     Tliis  salt! 
ejisily  distinguished  from  the  convsponding  eomj)Oun<i  of  {»<»• 
pium  by  heating  it  to  redness,  in  wnich  case  metallic  jdatini 
ttlune  remains  \  where&a  thu  ygtus&lum  6al\,  though  decouij 
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Fia.  336. 


by  tins  treatirent,  leaves  the  platinnm  mixed  with  chloride  of 
^lotaiwfTim,  whidi  may  l)e  dissnlved  out  of  tlie  residue. 

^ii'2())  The  fi>llowing  method  of  «leteniiiuing  tlie  ninonnt  of 
inunoniu  in  guano  or  in  crude  aiuuioniacal  salts  will  often  l)e 
Crond  u^sefld.  One  hnndrcil  grains  of  the  matter  for  trial  arc 
pltecil  in  a  email  retort,  tig.  ;i8(i,  and  two  ounces  nf  water  are 
added:  by  means  of  a  bent  funnel  half  an  ounce  of  a  sulutioa  of 
iK.itatsli,  of  .>|K'citic  gravitv  1-25,  if,  aUo  intnjdnecil ;  ubout  an 
ounce  and  a  half  of  liquid  Ik  gnuluidly  distilkMl  inht  the  flask, 
which  contains  a  measure  of  lnno  water-grains  of  siiljilturic  acid 
'one  burette  full,  fig.  331}  dilntod  to  the  strength  required  for  the 
ftniiiation  of  soda  for  alkalimetrical  purjiose:?  (.'>7").  If  the 
are  froths  up  inconveniently  when  boiled,  nulk  of  lime  may 
giil»stituted  for  the  solution  of  potash.  As  booh  as  about  an 
:e  and  a  half  of 
lid  lias  been  distilled, 
C'ontentji  of  the  re- 
t  are  allowe<i  to  cool  a 
He,  and  another  ounce 
wiiter  is  introduced 
tlie  retort  by  the 
inel;  a  second  distil- 
on  is  then  proceeded 
h,  until  tlie  quantity 
twater  just  added  has 
over;  an  ounce 
of  water  is  added 
the  contents  of  the 
ort,  and  the  distil  la- 
is  renewed  a  third 

Be  antil  thi-i  addition- 

llqurintity  of  water  has 

p«^d  over :  the  liquid  in  the  flask  is  then  mixed  with  a  few 
<1k)J>6  of  infusion  of  litnms.  This  is  now  to  be  neutralized  in  the 
way,  by  means  of  a  standard  eolntion  of  caustic  soda;  the 
Bolution  being  of  such  a  strengtli  that  one  measure  of  it 
'ttictly  neutralizes  an  equal  measure  of  the  acid  lii[nifl  originally 
intro<luced  into  the  tiask.  Suppose  that  this  liquiil  t'rom  the  tiask 
now  requires  <'!7  measures  of  soda  solution  instesul  of  l(iu;  33 
measures  of  the  acid  will  have  been  neutralized  by  tlic^  iurnaoiiia; 
»'iuautity  of  ammonia  will  therefore  have  pass<^d  over  e(jiiivuleiit 
to  33  grains  of  anhydrous  soda.  The  corrc^ponding  (pumtity  of 
aonia  may  be  calculated  from  the  equivalent  numbers  of  the 
two  alkalies : — 

Eq.  Ntt,a     Eq.  H.IT 

ThuB,  31     :     17     ::    33     :     18-09. 

100  grains  of  the  uiiiterial  operated  on  in  this  case  would 
therefore  have  contained  18-09  grains,  or  the  sample  would  contain 
18-09  per  cent,  of  ammonia. 
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CHAPTER  Xra. 

OBOrP  n, METALS  OF  TTIE  ALKALETE  EABTHS. 


Mrt&L 

iTTDboL 

Ataato 

wdckL 

— ' 
Spwth 

Barium 

BtTcmtiuiii 

Calciura  ..•••••.••.•• 

Ba 

Br 

1370 
87  6 
4O-0 

94-6« 
9S-2S 

t-64 
1-573 

•n  1 

!2ll    1 

These  Tnctals  ftimish  but  a  single  bsifif  oxide;  tliis  iswinli 
in  water,  cc>nil)iiiing  mth  it  with  great  aviditr.  The  hvdr 
absorbs  carbonic  acid  rapidlv,  fomiing  a  white  carboiiat  ' 

in  water.     Tlie  liydrates  also  abstirb  chlorine,  foritiinir 
conini'unds.     Eacli  metal  f<»rms  f-e\'eral  snlpliidos.     ^'iie  pr 
sulphide  is  less  soluble  than  the  others,  and  is  colourless,  wh 
all  the  olhei-s  are  yellow.   The  sulphates,  phosphates,  and  oJ 
are  insoluble  or  nearly  so  (see  also  p.  290). 

§  I.  Babittm  :  fia"  =  137-0,  or  Ba  =  6S-5. 

(027)  Baricm  uccurs  abundantly  under  the  form  of  gnlplM 
and  is  not  unlVcnuently  foimd  as  carbonate  of  liariuni.    Pn* 
first  procured  it  m  the  metallic  state  by  making  mercury 
negative  electrode  of  a  voltaic  battery  in  a  strong  sohitiun  < 
hydrate  of  baryta ;  the  barinm  was  thus  obtained  as  an  aitmlj! 
from  which  the  mercury  was  expelled  by  heating  it  stront;ly  iaj 
green  glass  tube  filled  with  hydrogen  ;  but  it  does  not  appear  ( 
have  Iwen  thus  isolated  in  a  state  of  purity.     "When  ppx-unHl ' 
the  voltaic  decomposition  of  its  fused  anhydrous  chli»ride,  it  is( 
a  pale  yellow  colour ;  but  it  is  not  easily  obtainetl  in  distinct  f 
Barium  (lL'»M>in]>ose«  water  rapidly  at  oniiiiary  temperatures, 
the  air  it  is  fjuickly  taniishcd  by  absorbing  oxygen.     It  ' 
poses  glass  !it  a  red  heat. 

(6128)  CoMPovsne  of  Barttm  with  Oxtoejt. — Barium 
two  oxides,  a  protoxide,  BaO,  and  a  peroxide,  BjiO,  :  the  fin*  I 
the  only  one  which  forms  salts. 

Ba'ri/fu  {fiae=  1.530,  or  BaO  =  76  5);  Sp.  Or.  5^ 
Anhydrous  baryta  may  be  obtained  by  exposing  nitrate  of 
to  a  red  Iieat  in  a  capacious  porcelain  crucible ;  the  salt 
tates,  melts,  and  then  boils  up  and  gives  off  a  large  <piant 
oxygen  mixed  with  nitrogen,  leaving  the  baryta  a*  a  grey  pof 
mass,  which  absorbs  moisture  and  carbonic  acid  if  expose<J  to^ 
air.  If  mixed  with  one-eighth  of  its  weight  of  water  it  sli* 
forming  a  hydrate,  with  extrication  of  great  heat.  Baryta 
be  fused  before  the  oxyhj'drogen  blowpipe. 

The  sulphide  of  barium  may  be  employed  for  ])rocr 
hydrate  of  biiri/ta,  by  Ixiiling  its  solution  with  oxide  ■ 
h^ypoeulplnte  ot- barium  and  6ubsul\)hide  of  copper,  both  of  wj 
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jsnlnhle,  are  prodticerl,  and  hydrnte  of  bary'ta  is  diesolved  ; 

^    rt  n,e  +  s  euO  =  5  (Brt<^ii,0)+ Bas;ii,e.  +  -t  eii,s : 

lie  hot  liquid  is  tilterutl,  and  cM'vstnln  of  rhe  hydniTe  (BaOIl,0, 
\  H,0)  are  depofiited  an  tliu  solution  coola.  Ciystak  of  hydrate 
^baryta  may  also  be  ol>taiued  by  adding  to  &  boilinjjf  solution  of 
tic  soda,  of  sp.  ^r.  1"12,  an  e<[uivaleiit  quantity  of  nitrate  of 
in  small  quantities  at  a  time.  The  hot  solution  iBfiltenxl 
^8  vessel  coyered  from  tho  air,  and  the  hydrate  is  depo!«ited  ba 
iquid  cooIb.  The  crvntala  are  soluI)le  in  3  times  their  weight 
'boiling  water,  and  in  '20  of  cold  water;  the  liquid  has  a  strongly 
reaction.  When  exposed  to  the  air,  b^jth  the  crystals  and 
olution  absorb  carbonic  acid ;  by  heat  S  H,0  are  expelled 
crystnls,  and  a  monohydrate  is  left,  of  sp.  gr.  i*495 ; 
at  a  heat  above  redness,  and  retains  its  water  at  all 
tares.     Hydrate  of  baryta  is  sparingly  solaable  in  alco- 


'/?<>  of  Barium,  (BaO,  =  169)  is  formed  by  passing 
er  anhydrous  harA'ta  at  a  low  red  heat ;  or  by  inixiii<^ 
V  baryta  with  an  equal  weigiit  of  chlorate  of  potassium  and 
ting  to  low  redness ;  in  the  latter  case  ignition  commences  at 
toe  jHtint,  and  spreads  tlirough  the  ma^s  like  tinder;  3  BaO -f 
KC10,=KCl  +  3  flaO,;  the  chloride  of  potassium  mav  be  dissolved 
ont  by  water,  and  a  bulky  wliite  hydrated  peroxiile  of  barium 
ffinO.,  6  H,0),  insoluble  in  water,  remains.  Brodie,  however, 
iiitU  that  it  is  impossilile  to  convert  much  more  than  hidf  tl»e 
Wna  into  ptfoxide  by  either  of  these  methods.  In  order  to 
oUain  the  pure  peroxide,  he  recommends  {PhiL  Trans.   1863, 

t,  4<)fl)  that  the  crude  material  be   completely  converted  into 
rdrate  by  pulverizing  tinely  in  a  mortar,  and  rubbing  it  with 
water.     It  is  then  to  Kte  mixed  gradually  \vith  a  very  dilute  solu- 
tion of  hydrochloric  acid,  taking  caro  that  the  acid  is  always  in 
I  Boew.    ^he  solution  is  to  be  tillered,  and  rendered  slightly  alka- 
I  line  by  the  addition  of  bar3'ta  water,  which  separates  alumina  and 
I  pwoiide  of  iron.    The  alkaline  solution  is  to  be  filtered  as  rajiidly 
«  po»^-iil)le  through  linen  filters,  and  an  excess  of  baryta  water 
id(le<l  to  the  clear  filtrate ;  the  peroxide  is  precipitated  in  bril- 
1  liint  plates,  which  are  insoluble  in  water,  and  may  be  washed  by 
•Iwsntation ;  it  pressed  between  blotting-jjaper  it  may  be  remlered 
hydrous  by  desiccation  in  vacxu>  over  s\ilplmric  acid.    It  is  then 
stable,   and   appears  as  a  fine  white  powder  resembling 
esia. 

y  strong  ignition  the  peroxide  of  barium  again  parts  with 
gen.  Boussingaidt  {Ann.  de  Chimie.^  III.  xxxv.  5)  even 
ed  to  make  use  of  caustic  barj-ta  as  a  means  of  prejmniig 
^^.  n  on  a  large  scale  by  alternately  passing  atmospheric  air 
over  the  baryta  raised  to  a  dull  red  heat,  and  then  expelling  the 
|||Mbed  oxygen  by  intense  ignition  ;  the  presence  of  a  small 
^■tity  of  aqneoos  vapour  greatly  assists  the  expulsion  of  the 
^BCn,  but  the  process  cannot  be  worked  with  facility.  Tlic 
^Bdroua  ])eroxido  combines  with  water  when  moistened  without 
^H^tig  any  sensible  amount  of  heat,  and  crumbles  down  to  a 
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wliite  powder;  it  i*  used  fur  procuring  the  peroxide  of  1>' 
Peroxide  of  barimn  bccoiuea  uliitc  hot  when  heated  ov.  i 
Ijuiin  in  tt  rapid  current  nf  carlnrtiie  or  of  sulphurous  u; 
Fiuall  white  names  hurst  out  from  it*,  surface,  whilot  cai 
ealphato  of  barium  is  formed. 

^»>29)  SuLi'HiuKS  OF  Barii'm. — Of  thcsc  the  most  imponanti? 
the  pri4o«ulph id^  (BaS  =  1 0'.» ).  The  preparation  of  tlii.- 
from  the  native  sulohate  of  barium  presents  some  inter,.. 
chemist,  for  it  enable:»  liim  to  obtain  with  ease  the  soluble  ftsJtK^ 
barium  from  ite  insoluble  sulphate.  In  order  to  prepare  tlie  enl-' 
phide,  either  the  native  or  the  artificial  sulphate  is  reduet"!  to  i 
very  tine  powder,  and  intimately  mixed  with  an  equal  > 
starch  or  flour  or  with  one-tenth  of  its  weight  of  powii 
coal ;  this  is  made  up  into  a  paste  with  oil,  and  intro<luLW  iuiM 
crucible  line<l  with  charcoal:  the  cover  is  luted  on,  an" 
crucible  with  its  contents  are  exitc«?ed  for  an  hoar  to  an  ii 
heat.  By  this  treatment  the  Bulplinte  of  barium  is  deoxi 
carlH>nic  oxide  escaping,  whilst  sulphide  of  barium  remiutti 
i3aSO,  +  4  €  =  BaS  +  4  €0.  Wlien  the  ma*s  thus  obtmne«lif 
treated  with  succesBive  small  quantities  of  iKtilinjj  watir,  tli« 
sulphide  is  decomijosed  ;  the  first  ]>ortion8  of  the  solution  liave* 
yellow  colour,  owing  to  the  formation  of  hydrosulphate  ol'lliesol- 
phide  of  barium,  which  absorbs  oxygen  and  becomes  jiartisli; 
converted  into  bisulphide  of  barium,  whilst  the  later  waJiitij^ 
contain  gradually  increasing  quantities  of  hydrate  of  hnrrtAJ 
2  BaS  +  2  H,e  =  fiaiS.II.S  -t-  Bae.H^O,  and  2  (fiaS.ll.^ 
+  O,  =  2  BaS,  +  2  n.O  ;  but  if  the  mass  be  treated  w  ith  *  m- 
ficieut  quantity  of  Ivoiling  water,  it  becomes  entirely  ■' 
and  the  sulphide  is  deposited  as  the  solution  cools  in 
transparent  crystals,  with  6  H,0.  WHieu  treated  wiili  livuiv 
chloric  or  any  other  acid,  the  sulphide  of  barium  is  decoinj>t>!«"<l« 
and  the  corres]>onding  barium  ealt  is  formed,  whilst  sulj>Lurette« 
hydrogen  escapes  ;  thus  BaS  +  2  IICl  =  BaCl.  -f-  H,S. 

{iS-m  Chloride  of  Barium  (BaCl,,  2  11,0  =  208  +  36, 
BaCl,  2  HO  =  104  +  IS);  Sn,  Or.,  anhydroi(-8,  3-75M.  e/^A 
:2-t»«t4;  Comp.  in  h)()  purtJi,  Ba  65'bG;  CI,  a414.— This  salt  if^ 
obtaineti  by  dissolving  the  sulphide  or  tlie  carbonate  of  barimn  il 
Jiydnx'hloric  acid.  On  the  large  scale  it  nuiy  l>e  prtK-uriNl  1>; 
ftising  together  one  part  of  crude  chloride  <.>f  calcium  (the  reeitlo 
of  the  preparation  of  carl»onate  of  ammonium),  with  2  ])art6  « 
powdered  native  sulphate  of  barium;  chloride  of  barium  Jitid  #s 
phate  of  calcium  are  formed ;  the  chloride  is  washed  out  rapiJ 
with  hot  water,  and  purified  by  crystallization.  Chloride  ol'  liarit 
crystallizes  in  flat  four-sided  tables,  containing  2  11,0,  which  m 
be  cxpeUed  by  heat:  water  dissolves  nearly  half  its  weight  at  'r 
and  three-fourths  at  212°:  the  presence  of  hydrochloric  or 
nitric  acid  greatly  diminishes  its  solubility.  A  solution  of  t- 
Bidt  is  the  usual  test  for  ascertaining  the  presence  tif  sulphn. 
lU'id  in  solutions,  which  it  indicates  by  the  formation  of  a  wh 
}>ivcipitate  insoluble  in  nitric  aciiL  If  uidiydrous  baryta  be  int; 
uuccu  into  &  jar  of  hydio^rhlorid  acid  (gaa  it  becoinoB  iucandcsc 
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chloride  of  bnrium  is  formed,  and  water  becomes  condensed  on 
the  sides  <>f  the  veesel. 

(831)  SiLiooFLOoiiiDE  OP  Baeium  (BaF„SiF.  =  279)  is  pro- 
cured by  adding  sili(joflut>ric  acid  to  a  salt  of  barium  ;  it  is  quickly 
dop<«ited  in  microscopic  crystals,  which  are  insoluble  in  an  excess 
of  the  acid.  The  salt  is  auliydrous.  It  is  decoini>osed  V)y  igtiition, 
wliicli  convert*)  it  into  fluoride  of  lisrinin.  The  silicotliiuride  of 
strontium  is  soluble,  and  hcucc  feilicoliuoric  acid  may  be  employed 
to  dii?tinpiisih  Baits  of  burinm  fnnii  those  of  strontiuiu. 

^K:W)  SuLruATE  of  Hvkfum  (BiiSO.  =  233,  or  BaO,SO,  = 
116-5) ;  %  Or.  4-59  :  Compmliimt,  in  lWj>arts,  flaO,  65-66  ;  SO, 
34-34. — Tuis  is  tlie  principal  native  mineral  of  bary-ta.  It  <x?cnT8 
in  the  mountain  limestone  in  large  veins,  and  is  found  accom- 
panviug  the  ores  of  lead  and  other  metals.  It  is  met  with  both 
inai^ive  and  crystallized  in  nuKlitications  of  the  right  rhoinl)ic 
priftui.  The  name  '  baryta'  is  derived  from  /3apiV,  heavy,  in  allu- 
eion  to  tlie  higii  specific  gravity  of  this  cuiiipound,  Avhich  is  al>out 
4*6.  It  is  iu»<duble  in  water,  and  in  all  the  acids  except  boiling 
concentrate*!  sulphuric  acid :  as  the  6<jlution  in  this  acid  cools, 
CTTBtals  of  the  sulphate  are  deposited.  De  Senarmont  found  that 
when  the  recently  i)reci])itated  sulphate  is  heated  to  472°,  for  60 
hours  in  a  sealed  tube,  with  diluted  hydrodiloric  acid,  or  with  a 
solution  of  the  acid  carbonate  of  sodium,  microscopic  crystals  of 
the  same  form  as  those  of  the  native  sulphate  of  barium  are  de- 
posited upon  the  sides  of  the  tube.  At  a  bright  red  heat  the 
sulphate  fuses  into  a  white  enamel :  and  by  bailing  the  p<twdered 
sulphate  of  barium  with  the  carbonate  either  of  potassium  or  of 
SiMliuni,  or,  more  rapidly  by  fusing  it  with  either  of  these  salts, 
the  artiticJal  sulpliate  is  partially  converted  into  the  carbonate. 
It  may  be  easily  formed  by  precipitating  a  salt  of  Imrium  with 
any  soluble  sulphate,  when  it  falls  as  a  heavy  white  jiowdcr.  If 
uitric  acid  or  any  nitrate  be  present  in  the  solution,  the  orecipi- 
tate  carries  down  with  it  a  portion  of  the  nitrate,  and  tliis  can 
otilv  Ikj  removed  by  long  wasiiing  with  boiling  water.  Sulphate 
of  barium  is  iLsed  as  a  pemumati  mftitehy  artists  in  water  colon  i-s. 
It  ts  also  employed  fur  atlulterating  white  lead;  when  ground 
with  nil,  however,  it  becomes  partially  transparent,  and  impairs 
the  opacitv  of  the  lead  jtigment. 

(iuVi)  KrrBATE  OF  liAnuM  (Ba  2  NO,  =261,  or  BaO,XO,= 
iaf»-5;  Sp.  Gr.  3-284:  L'umjxmtum  in  lUO  parts,  BaO,5S-62; 
N,0„  41-3S)  crystallizes  in  aidiydrous  oct<diedra,  when  a  solution 
of  the  carixjuate  of  barium  in  nitric  acid  is  evaporated.  It  is 
insrduble  in  aU-ohol,  and  reipiires  eight  or  ten  times  its  weight  of 
cold  water,  and  3  of  boilijig  water,  for  solution.  Nitric  acid  pre- 
eipitate;!  it  in  crystals  from  its  solution,  uidcss  very  dilute:  when 
heated,  it  lirst  decrepitates  strongly,  and  afterwards  fuses;  ou 
ijrnifioTt.  till*  Mbitle  of  the  acid  is  expelled,  with  an  appearance  of 
ell  •  the  escape  of  oxygen  and  nitrogen,  whilst 

vjtBoNATE  OF  BAjtitTM  (Ba€^,  =  197,  or  BaO.CO,  = 
«-  J.  Crr.  4-4:  Composition  In  lOO^arf*,  BaO,  77-69  ;  eO„ 
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82*31. — This  compound  forms  the  mineral  caller]  •-'''  -'Mi 
occun',  bttth  massive  and  erystallized,  usuallv  in  si 
tBriniuated  by  six-*ided  pvmmidii.     It  ia    ' 
vein*;  in  the  north  of  Eiiglnmi,  and  is  also  ' 
SihiM'ia.     It  is  uasily  prupunid  artilifially  '■ 
of  barium  by  the  carl>ouate  of  one  of  the 
fonns  a  white  powder,  which  is  very  Bparingiy  Boluhk  m 
water,  and  i^  inaolublu  in  water  charged  with  s^Uinu  luHttur: 
^ueoiitf'  aolutiou  of  uai'bonie  acid  dissolves  it  rather  freely. 
6n^pended  in  a  sohitinn  of  sulphate  of  potassium,  or  of      ' 
of  tiodiuni,  in  thecui^l,  and  ImjuentJyafifitated, freshly  pi 
carbonate  of  barixini  is  converted  into  sulphatu;  but  it 
of  bariiun  bo  ]»oiled  with  a  carbonate  of  one  of  theulk 
carbonate  of  barium  ami  snlphutij  of  the  alkaline  metal  .uv  [mts 
duced.     Iprnition  of  tlie  carbonate  does  not  expel  the  e-arWnu 
acid,  but  if  it  be  mixed  with  charcoal  and  iutenijely  igiiitni-,  it  id 
pai'tially  decttmposed;  ]>ure  bar\'ta  ift  obtained,  anil  may  be 
ftolvetl  out  with  wat^r.     If  nii.\e«l  with  an  equal  weight  of 
honatc  of  calcium,  carbonate  of  barium  is  deconiposci! 
much  ditticulty  when  ijrtiited  in  a  current  uf  ntcam  :  th' 
of  baryta  may  bo  dif^olved  mit  of  the  niixturo  by  wat«r. 

Carbonate  of  liariuni  iti  now  nnuiufactiu'ed  to  i^onie  exteiU:i 
a  substitute  for  a  jx»rtiou  of  the  alk»Ui  and  oxide  of  lead  in 
making  of  plate  and  tlint  gbws  :  tiio  silioute  of  barium  i'w* 
becomes  incorporated  with  the  other  silicates.      Thia  car" 
is  prejiured  from  the  snlphat<',  which  is  reduced  t^>  the  fi»T 
Bulphiile  by  ignition  witJi  carl)onaceoua  matter:  tlie  sulphide  i^ 
then  dissolveti  in  water,  and  decom|x>:red  by  a  current  nf 
bonie  acid ;    the  carbonate  i*  thus  precipitato<l  iu  a  tine  wliiti 
powder. 

(635)  Chakaotebs  op  the  Saltb  of  Baritm. — The  nalt* 
barium  with  colourless  acids  are  colourleaa.    The  carbonate  i 
all  the  soluble  salts  act  as  powerful  poisons,  and  have  an  acrid 
disagreeable  tjiste.    The  best  antidote  wiien  they  liave  \wen  take 
internally  is  the  sulphate  of  soilium  ov  uf  magnesium. 

Salts   of  barium  when  in  sohition  are  easily  recognised  bt 

giving  with  stdjAuni;  acid  a  white  precipitate  of  suljihnte  of 
arium,  which  is  insoluble  in  the  acids.  Barium  i«,  for  the  pnr- 
poees  of  analysis,  usually  ostimatcd  in  the  form  of  sulphate :  \^ 
parts  correspond  to  <:)6"«')6  of  BaO  and  3-1-34  of  S0,.  The  prei- 
ence  of  citrate  either  of  sodium  or  ammonium  prevent*  the  pre- 
cipitation of  sulphate  of  barium  in  neutral  and  alkaline  solutions; 
but  these  salts  <io  not  redissolvc  the  sulphate  of  Vrnrium  after  it 
has  once  been  deposited.  On  acidulating  with  hydnx'hloric  ac 
tfie  solution  contaiiung  the  citrates,  the  sulphate  of  l.»arium  is  pr 
cipate«l  in  the  usu.d  manner  (Spiller). 

With  carhoiMk  of  pota^ivm  or  of  sodivm  a  white  precipita 
of  carbonate  of  barium  is  pr<jdnce<l  in  Bolutions  wliich  uonti 
barium.  /Tt/dro^nlp/triW  of  awnwnium  gives  no  precipitate  Jt 
SMfAi  solutions.  PwnphaU  of  sodium  gives  a  white  precipitate 
whidi  is  soluble  in  dilated  nitric  or  hydrochlorio  acid.    Saitft  of 
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fearinm.  when  mingled  with  alcohol,  tinffe  its  fludie  of  a  jellow- 
eii  colour.    In  the  spectroscope  the  s^pectruiii  of  the  biirium 
=  ..■>  dwtiiigiiished  by  a  remarkahle  ueriw*  of  brij^ht  bands  in 
green,  with  fainter  bunds  in  the  retL     (Part  L,  fig.  S2,  Ba, 
151.)     Bariiini  ealts  are  distinguished  from  those  of  stron- 
.  Irv  forming  an  in«)luble  8iiicoflur>ride  eif  barium  when  mixed 
■i-ic  oGid ;  and  by  3'ielding  no  immediate  preeipi- 
rii  ■  acid,  but  the  mixture  un  ttaudiiig  defMisitti  tufta 

enlar  crystals  of  neid  oxalate  of  barium.     A  solution  «^>f 
.  'dpkit^  t/f  «odiiim  occasion?*  a  crystalline  precipitate  of  the 
ringly  soluole  hyposulphite  of  barium. 

I IL  Stronttctm:  Sr"=8r-5,  or  Sr=43-8.    Sp.  Gr.  2W. 

(636)  Sthoktifm  is  an  element  much  less  al)undantly  diHu^ 

in  barium,   wliich  it  closely  ro^embles  in  jn-ojiertie!*.      It  is 

and  both  as  carbonate  and  a^  sulphate,  and  is  jirocured  in  the 

etillic  etate   in  the  same  way  as  barium,  to  which  it  l>ears  a 

Nation  swnilar  to  that  existing  between  pot>is*ium  and  eodiuni, 

StTftiitinin  is  a  malleable  metal  of  a  pale  yellow  cf)lour.     When 

li'':jt('il  in  tlie  air,  it  burns  with  a  crimson  tfame,  emitting  sparks. 

^V.i.r  ifi  decomposed  by  it  with  evolution  of  hy<lrogcn:  dihited 

^tric  a«nd  dissolves  it,  but  tiie  concentrated  nci<l  is  almost  with- 

:  action  even  when  boiled  upon  it. 

(6557)  Stron-ha  (SrOrr  103-5,  or  SrO=51-8:   Sp.  Gr.  4-«ill) 

»y  be  ubtained  from  it.s  nitrate  by  ignition.     "SVlien  mbced  with 

it  elakeiN,  and  forms  a  crystalline  hydrate  (SrO,li,0. 8  II,0; 

Boxain):  these  crystals  require  50  times  their  weight  of  cold 

W  2*4  of  boiling  water  for  solution ;    8  ll,0  are  expelled  by 

Bat,  the  remaining  atom  l)eing  tixed  at  all  temperatures;  at  a> 

Wl  red  heat  the  latter  hydrate  fuses,  furnishing  a  mass  of  sp,  gr; 

S"C2r»:  btjth  the  hydrate  and  its  solution  alworb  carbonic  acid 

Ipidly  from  the  air.     No  ]>en.)xide  of  strontium  can  Ite  formed. 

(«.38)  Chlokidk  OF  STRONTruM  (SrCl, .  fiir,O=rl58-54-10S^ 
flrSrCI,  6HO  =  79-3+54;  ^>.  Gr.  anhifdrom,'i-Wuory^t.  1-(103) 
«r)«t»llize^  in  slightly  deliquescent  needles,  which  require  less 
tnwi  their  wx;'ight  of  cidd  watttr  for  Bolution;  alcoliol  dissolves  it, 
mJ  die  solution  bums  with  a  criras<m  tlame.  Cliloride  of  stron- 
bwtt  is  rendered  anhydrou*  by  a  moderate  heat ;  if  heated 
^n^ly  it  fuses. 

Silirnffunride  of  stronfiuM  (SrF.j,SiF,=229"5)  is  jirejiared  by 

«'5<iiiig  liydrofluosilicic  acid  to  a  salt  of  str<;»ntium  :  it  is  tolerably 

8|)luiile  in  water,  thus  furnishing  a  character  which  distinguishes 

I  compounds  of  strontium  from  those  of  barium. 

(«39)    Sulphate  of  Strontium  (SrSO.=183-5,  or  SrO,SO, 

*l-8;  Sp.  Gr.  3-9):     Composition  in  100  jnirtfi^  SrO,  liQ-bi; 

SO,.  43-48. — This  substance   is   found  erystallizod   in  rlu»nal)ie 

isomorphons  with  those  of  sulphate  of  barium;  it  is,  how- 

iiWy  distinguished  from  it  by  its  lower  density.      Many 

ens  of  this  mineral  have  a  delicate  blue  tint,  whence  it 

L;  its  miaeraJo^icaJ  name  of  c^eetitie:    it  often   contains 
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crystals  of  native  sulphur.  Sulphate  of  strontium  ift  very  spwv 
ingly  soluble  in  -water,  but  is  taken  up  by  Ixiiliii^  sulphuric  acid^ 
and  is  soluble  to  some  extent  in  a  soliititm  nf  ehh>ri<le  nf  fMitjium. 
It  may  l)e  formed  by  mixing  a  solution  of  any  bulphate  witli  a 
Solution  of  a  liolt  of  strontium, 

(ti4())  Xn-RATE  OF  STRoxTir>[  (&r  2  NO,  ==  211*5.  or  SrO.XO, 
=  105'S  ;  jSjk  Gr.  anhydr.  2So7,  cryxt.  2113)  ciTKtalHzesfroni  liol 
coTicont rated  solutions  in  anhydrous  octohedra,  which  are  leolahU 
in  5  parts  of  eold  water  and  half  their  weiglit  of  boiling  wnler;! 
bv  crvsitalUziug  it  at  a  low  temperature  it  may  be  obtainetl  in' 
eiWorescent  crystals  with  5  II,0.     If  strongly  heated,  it  docrej* 
tates,  and  then  is  decomposed  with  loes  of  oxygen  and  nitrogi«n 
leaving  pure  strontia.     It  is  used  by  the  makers  of  liro-worka  t 
give  a  splendid  crimson  colour  to  tlieir  tlaiues.  and  Is  ]>repared  foi 
tlieiu  by  reducing  the  native  sulphate  to  sulphide  by  lieaJing  i 
with  ciiarcf>al,  dissolviiii;  the  sulphide  in  water,  and  (ieconnH<.-^iii*; 
it  with  diluted  nitric  acid.     It  crystallize:*  Ijest  from  an  aciu  fii>lu 
tion.      A  mixture  of  4m  parts  of  nitrate  of  strontium  with  fmni 
6  to  10  of  chlorate  of  potasvsium,  13  of  sulphur,  and  4  of  enljthit 
of  antimony,  deflagrates  with  a  magnificent  red  colour  ;  the  mix- 
tiu'e  is  dano^eroug  both  to  prepare  and  to  preserve,  liaving  more 
than  once  ueen  the  occasion  of  frightful  accidents  to  the  mann 
facturers  from  its  liecoming  ignited  spontaneously.      Nitrate  of 
strontium  is  insoluble  in  alcohol. 

(641)  Carbonate  ok  STKONTtiii  (Sr60,=147-5,  orSrO,CO,= 
73-8) ;  Sv.  Gr.  3-G5 :  Comjxmiion  in  100  ^arfa,  SrO,  70-2 ;  60,, 
29"8.  — lliis  compound  forms  the  HtrontmntU  of  minerakigist!* ;  it 
occurs  both  massi^-e  and  crystallize<l,  near  Strontian  in  Argrl 
ehire,  and  hence  the  name  '  strontia'  given  to  the  eartli  whicfi  it 
contains.  Mere  ignition  is  insutficient  to  decompose  this  salt.  It 
is  scarcely  sohible  in  water,  but  is  dissolvtHl  Ity  a  solution  of  car* 
bonic  acid.  The  process  of  jjreparing  it  consists  in  precipita 
iug  a  salt  of  Btroutium  by  the  carbonate  of  one  of  tho  alkaline 
uietala. 

(642)  Oharacters  of  the  Salts  of  Strontium. — Tlie  aaits  of' 
strontium  with  colourless  acids  are  all  colourless :  they  have  a' 
bitter  acrid  taste,  but  are  not  poisonous.  They  are  dislingnis-hc 
hefore  tJt^  blomnpe  l»y  the  red  colour  which  they  conunuuicate  t 
the  flame.  By  the  spectrrvscope  they  are  seen  to  furnish  Bevei 
bri^'lit  l>and8  in  the  red  and  orange  part  of  tlie  spectrum,  arid 
brilliant  band  in  the  blue.  (Fig.  82,  Sr,  Part  I.  p.  151.)  Th 
flame  of  strontium  to  the  eye  seems  to  have  the  same  colour  m  tli 
of  litliium,  but  the  spectra  of  the  two  cannot  be  confounded.  It 
agents  jiroduce  upon  strontium  salts  the  same  etfects  hk  n|Hin  8«1 
of  barium,  excepting  that  neither  »!l!is>Jfu4>r!r  arid  n.  ' 
K\ilphitf  of  sodivm  yields  any  precijiitate  in  the  <w>!i 
salts  of  strontium.  Gxidir  arid  ii\\\y»  xm  inimii' 
tliem.  The  com]>onnds  of  stnuitimn  are  disliii^rn 
of  calcium  by  the  gra<lual  fonnation  of  a  white  precipitate  oi 
tation  at>er  the  addition  «)f  a  solutioji  of  i*nljdnttf  of  eati 
The  sulphate  of  strontium  \&  tiscd  for  determining  tliu  aiuuunt  ol 
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oatia  in  analysis ;   100  parts  of  it  corresj>ond  to  50*52  of 
outia. 


§  m.  Oalcium:  ea"=iO,  or  Ca=20.    Sp.  Gr.  1-57. 

(643)  Calcotm  forms  one  of  the  most  abundant  and  important 

tituents  of  the  crust  of  the  globe.     It  is  the  metallic  ba^is  of 

le,  aud  derives  its.  name  from  (V/Ar,  lime.     Oaleium  oceurrs  in 

ure  in  comhinatitni  widi  tiiutriiie,  tttrmiui;  the  ditierent  vari- 

ie^  of  fluor-spar  ;  it  is  still  more  aliuiidiint  in  the  various  furms 

carliuiiate  of  cidciiira;  and  it  is  aUo  met  wit!i  in  large  (pianti- 

ai  gypsum,  which  is  a  hydnited  sulpiiate  nf  calcium. 

Cal<;iainwasol)taiuedhy  Miitthiessen  \(^.  •/.  Cfwiii.  Six:  viii.  37) 

the  electrolytic  decomposition  of  a  mixture  consisting  of  2 

oivalents  of   cldoride  of  caleium  and  1  e«]nivalent  of  chloride 

strontium.     The  mass  may  be  fused  in  a   Hessian  cnieible,  in 

le centre  of  whicli  is  placed  a  jioruus  tube  tilie<l  with  the  same 

lUture,  and  into  this  an  iron  wire  ji;usAed  thron^di  tiie  stem  of  a 

iWoo-pipe  is  inserted  :  this  wire  is  connected  with  theyilatinode 

the  battery,  the  ziacode.of  which  consists  of  a  plate  of  sheet- 

B  IkmiI  into  a  ejlindrical  foi-m,  and  iminei'sed  in   tlie  melted 

exterior  to  the  porous  tul>e:  the  caleium  is  redneed,  and 

rved  from  oxidation  by  so  rejiulatiuf;  the  heat  tiiat  a  him  of 

iditied  salt  shall  form  upon  the  surface  of  the  mixture  in  the 

rons  cell.      Lies  Bo(hirt   olitain-^  it  still  morc>  easily  l>y  fusinj^ 

Me  (if  caleium  with  an  e<piivalent  (niantity  of  sodium. 

Calcium  is  a  liiiht,  yellowish  metal,  of  the  coluur  of  «;nh5  al- 

•vh!  with  silver;  in  hanlness  it  is  intermediate  between  lead  and 

Id;  it  is  very  mallealile,  and  ean   readily  be   hannncred  into 

yes  thinner  than  writing' paper.     It  melts  at  a  red  heat.     At 

iimry  temperatures  it  tarnishes  within  a  day  or  two,  even  in 

llj  air,  aud  in  the  presence  <if  moisture  it  is  slowly  oxidized. 

Iit'ti  heated  to  redness  on  platinum  foil,  it  burns  with  a  liriltiaut 

iutilliitinsj  white  lifiht.     It  readily  amalijamates  with  nierciarj  : 

lien  heated  in  chh)rine,  or  in  the  vajiour  of  liromiue,  iodine,  or 

Ipliiu".  comlnb*tion  oeeurs,  accompanied  hy  an  extremely  vivid 

t.     Water  is  rajdrlly  decomposed  by  calcium,  hydrate  of  lime 

iiu;  formed  and  hydrogen  e\olvtid.      Concentrated  nitric  acid 

U'**)  not  attack  the  metal  until  heated  to  the  boiling-point,  thouijjh 

»is  rapidly  dissolved  l»y  the  dilnted  acid.  Matthiessen  found 
&t  the  ehforide  of  calcinm  is  not  decomposed  by  heafini^  it  with 
ta*.<inm  or  sodium  :  and  he  cnncbides  that  the  properties  for- 
?rly  assigned  to  calcium  were  really  due  to  a  mixture  of  potas- 
iia  with  aluminum  and  silicon. 
(<;44)  Luck  (eaO  =  5«,  or  CaO  =  28) ;  Sp.  6^/-.  3;18:  Com- 
position in  100  parts,  €a  71  43;  0  28*57. — Calcium  forms  only 
^^e  oxide — viz.,  lime,  which  has  been  known  troin  time  immemo- 
Hbl.  It  is  obtained  in  a  state  of  purity  liy  heating  pure  carbonate 
^■calcium  (<>ri4)  to  full  redness;  this  carhonate  occurs  very  nearly 
^■tre  either  in  black  or  in  Carrara  marble,  which  if  liunit  for  an 
ftOTU*  or  two  in  an  open  fire — oj-,  better  still,  in  a  crucible  with  a 
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liole  at  the  bottom — ^yields  lime  very  nearlj  ieee  from 
matters.  For  eoinmercial  purposes,  common  Htnestone,  wl 
an  impure  carbonate  ol'calcitmi,ii?  Ininied  in  a  kiln,  tlie  r 
wliit'li  is  \isuallv  eg^-sliaped.  Over  tlie  iiro-grate  aii  arch 
wirli  lumjw  ot  limcistdne,  and  the  kiln  is  fillt'J  np  wit) 
friiiciueutri,  the  tij\j  is  t.l>en  kindWl  lielow,  and  kept  up 
ini!?ly  for  three  davs*  and  niithts<;  the  kiln  i*  tlien  allows! 
tJie  lime  is  romnvcd,  and  a  fredi  charge  intro<luct>d-  .\  :_ 
meihod  is  t!iat  known  as,  the  eimtinnons  process.  Tlie  kiln  ia 
this  case  is  in  the  form  of  an  invertetl  tmneated  cone:  it  il 
chnrped  with  alteniate  layers  of  coid  ar»d  limt^tone,  and  tljc  fits 
ift  kindled.  The  lime,  hh  it  is  Imrned,  iiruduully  sinkii  dowu.  auj 
is  removed  by  openiiigfi  at  the  biiM.'  of  the  funiace.  and  a  fresh 
supply  of  coal  and  liunjstone  ii?  f^njiplied  at  the  top  of  tin- kilo. 
The  linic'stoiie  shonld  not  be  too  ih'y ;  that  which  has  been  tjiur- 
rictl  re<*ently  answers  l)e«it.  In  damp  weather,  t<x»,  the  aittTation 
succeeiL?  better  than  in  a  <iry  state  of  the  atinnsf»here ;  inutT<l,  tlie 
pivcess  is  facilit-atwl  by  injecting  filetim  into  the  kiln,  altb.iiij;hiB 
practice  the  advantage  which  is  gainiHl  does  not  comjient-ute  for 
tlie  increased  ex[K'Ue.e  ajid  trouble.  In  the  ])reseiice  of  )i<jiic«>u» 
vapdijr  an  inrerchange  between  the  stean*  and  the  rarlK'uic 
aniiydride  of  the  limestone  ajtpears  to  be  effected,  and  hydniic  of 
lime  is  formed;  but  the  hydrate  which  is  produued  is  qwickljf 
destroyed  again. 

Pure  lime,  or  quicMime,  is  a  white  canstic  powder  wliiri 
resists  even  the  lif^at  of  the  o.xyhydrogen  fliune,  aiwl  emit^ta 
inteiitie  white  liirht  when  thus  ignited,  ais  is^  eomtnonjy  t*eD  in  iw 
application  to  the  Drnmmond  light.  The  exti-eine  itifu^ibilitv  of 
lime  haw  led  Deville  to  employ  it  a*  a  materliU  for  lining  crucible* 
which  are  to  be  exp<wcd  to  verv  intense  heat. 

Hydrate  of  Liuu,  Shik^d  lime  (OjiO^I.e  =  74,  or  CwO.HO 
=  37);  SjK  Ur.  207S:   Comjxmiion  in  HiW  jntrtt,  €;aB,  75«!*; 
II^O,  24";^2. — Wlien  water  ie  p>Hre<l  upon  lime,  it  swells  up  aiM 
enters  into  combination  with  the  water;   if  tJie  prt»portion  of 
water  be  not  too  great,  a  light  dry  ]x>wder  is  formed,  attetnlpd 
with  a  iKiwerful  extrication  of  heat ;   bo  great  is  the  lu^at  lliu* 
developed  that  tires  have  geveral  time*  been  traced  to  tliis  ^utircc. 
The  hydrate  which  is  formed  is  a  iletinite  compound  of  1  atom  of 
water  with  1  of  lime.     Lime,  when  expof«<l  .t«  the  air,  hIowIy 
attracts  both  water  and  carlxwiic  anhydride;  as  a  result  of  tins 
action  it  falls  to  powder,  and  be<!imies  what  is  terme<l  nir  M/iike^f ; 
in  this  case  a  compound  is  gnulually  forme<l,  which  ia  by  h«»uie 
chemists  regairded  ha  a  combination  of  an  atom  of  carbonnte  with 
one  of  hydrate  of  lime  (eae,eO, .  eaO.II.O). 

Lime  is  8»^>hible  in  about  70(t  parts  of  cold  water;  this  solu- 
tion is  known  as  lime-water;  the  earth,  however,  is  less  S4>lubl 
in  hot  than  in  cold  water,  a*)  that  if  linu^water  saturated  in  thrf 
cold  1)0  raised  to  the  boiling-jwiint.  half  tho  lime  is  deiio^ited. 
Lime  is  much  more  soluble  iti  syriiji  than  it  is  in  water,  tlie  seda- 
tion in  this  case  also  becomes  turlud  when  heateil,  but  clears  again 
as  it  cools.     Lime-wateT  \&  mucK  ernvVoycd  «a  «.  test  for  the  pro- 
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of  carbonic  acifl,  which  instantly  renders  it  turliitl:  it  has  R 

tly  alkaline  i-eaction,  and  an  acrid  taste:  by  evajioratinif  it 

K>,  Gay-Lussac  obtained  from  it  the  jirotohydrate  ol"  hmt 

ized  in  bexahe<3ral  plates.    Hydrate  of  lime  ie  deuuuipoBed 

I  heat,  and  jtiire  lime  reniainft. 

k  of  Lime  is  merely  hydrate  of  lime  difFusod  through 
in  slaking  lime  for  its  prepnration,  and,  indwd,  trenerally 
lere  small  quantities  of  the  hydrate  are  required  in  a  tine  &tato 
nlivisiou,  it  is  best  to  use  boiling  water  in  qnuTitify  nearly 
to  twice  the  weight  of  the  lime;  the  powder  may  afterwards 
readily  diffused  through  cold  water. 

(645^  Mortars  a/iid  Cement. — The  p'eat  consutnption  of  liine 
f-  is  for  tlie  pur])ose  of  making  mortars  and  cements, 
,  when  made  mto  a  jiaste  with  water,  forms  a  somewhat 
tic  uia£«,  which  eets  into  a  solid  as  it  dries,  Injt  it  gradually 
ks  and  falls  to  pieces.  It  does  u(>t  possefis  sutHcicnt  cohesion 
«  used  alone  as  a  mortar;  to  remedy  this  defect  and  to  pre- 
it  the  shrinkage  of  the  mass,  the  addition  of  eand  is  found  to 
necessary.  Ordinary  mortar  is  prepared  by  mixing  1  part  of 
,e  into  a  thin  jjaste  Avith  water,  and  adding  3  or  4  pai-ts  of  ^barj> 
d,  of  tolerable  tinenc!S8  :  the  materials  are  then  tlnmnigidy 
icorporated,  and  pJls^ed  through  a  sieve  to  8e])arate  iinni>B  of 
iiwrfi-ctly  burned  lime:  a  suitable  qnantitj'  of  water  is  after- 
rdft  worked  into  it,  and  it  ie  then  applied  in  a  tliiu  layer  to  the 
:«  of  the  6toue«  and  bricks  which  are  to  be  united.  The 
or  st<ine8  are  moistened  with  wat'cr  before  ajiplying  the 
irtar,  in  order  that  they  may  nut  absorb  the  wtiter  fn>tn  the 
rtw  too  rapidly.  The  couipletonese  of  the  Fwlii^equcnt  liiinlen- 
?of  the  mortar  depends  niaiuly  upon  the  thonmigh  intermixture 
the  lime  and  sand. 

The  theory  of  the  hanlening  of  mortar  is  obscure.      The  inor- 

f  gradually  becomes  dry  upon  it&  surface,  and  at  the  same  time 

W)«orl»  carbonic  anhydride  from  the  air;  but  this  cliange  is 

comj>lete,  for  the  central  portions,  after  a  lajise  of  many 

are  still  found  to  contain  free  lime  in  aliuiuUtuce ;  mortar 

CD  hy  Dr.   Maleohnson  from  the  Urc-iit    Pymmid,  was  still 

i  to  contain  a  large  ]>roport!(>n  of  hydrate  id' Hiiie.      A  gra- 

inal  coml)ination  also  takes  place  between  tlie  lime  and  the  silica 

«  sand:  each  grain  of  wind  tlnisi  bec<»me.-<  j-uperHeuilly  c<jn- 

;1  into  a  hydrated  silicate  of  calcium,  ftmiarig  a  ccmipoimd 

by  degrees  ucfpiires  conBideralde  hanhiess,  and  emitrilnitee 

ly  to  the  solid itication  of  the  mortar.     All  old  luortar,  when 

ed  with  an  acid,  yields  a  small  iiroporti»>n  of  gelatinous  silica. 

[Mixture  of  carlxjuate  of  calcinrn  wirJi  the  lime  nppeare  \a>  set 

'W  than  pure  lime  only  ;  so  that  for  many  pHr]iiiM>s  lime  which 

been  slaked  bv  exiKwnre  to  the  air,  and  contains  a  conside- 

le  projjortion  ot  carbonate,  is  preferred  to  that  slaked  rapidly 

ly  Water. 

Limestones  rarj'  greatly  in  composition  ;  l)eing  rocks  of  sedi- 
witar}'  origin,  they  are  not  pure  chemical  compounds,  but  con- 
of  a  mlxtare  of  viu-ioiis  LnxlieA,  iu  wliicli  carbouu-lo  o^  caiwaxa 
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is  tLe  prevailing  ingredient.  TLe  different  rarietie;;  of  Ijiuertr 
are  distinguislie<l  according  to  the  uatnre  of  the  most  iinjHirtiiin  <\f 
these  jidniixturos.  Thus  a  limestone  is  described  as  iiiHirK^iMi. 
ar^illaeeoim.  ferruginous,  sandv,  or  liitiiminon?,  acooniiiiL' ar  it  a 
ehiirneterizetl  \}\  the  j)ref?enee  of  cju'lMinate  <>f  mngJiesiTiin,  Hat, 
tixide  of  iron,  :«and,  or  hituniinous  matter.  Tliese  ditlVrwit  lilll^ 
ttMiit-!!,  when  hiimed,  yield  lime  of  verj-  ditiereiit  chani-teB, 
which  are  partieularly  manifested  hy  the  aetiim  of  wut.t  ii|iro 

them.     The  purer  the  lime,  the  m«»re  quickly  doe*  it  1 1.  iif 

with  water  when  mixed  with  it.  Such  pure  limes  are  ti" 
termed  rlrh  or  fat  limes;  when  the  amount  of  impnritie-  [i.^m 
doe^  not  exceed  10  per  cent,  tliey  slake  rapidly,  durim:  wliiA 
operation  they  &well  up  and  greatly  increase  in  hulk ;  tliw 
become  extremely  hot,  and  yield  a  soft,  fine,  dense  pa>itc;  wln1« 
tho*e  which  contain  nmch  iiiugue&ia,  silica,  or  aluminu,  slake 
slowly,  emit  but  little  heat,  and  are  technically  tenned  ^>fX(r. 

in  slaking  for  mortar,  a  tine  smooth  paste  is  re<]nire<l :  iimplar 
to  secure  this  condition,  the  slaking  should  be  effected  «]nit'ldy, 
with  about  3  parts  of  water  to  1  part  of  lime;  the  mat*,  if  (im- 
posed i>f  a  fat  lime,  then  swells  to  l^etween  3  and  4  tirii<  *  " ' 
mer  bulk;  if  tt>o  little  water  l»e  used,  a  crystalline  . 
hydrate  is  tbrmed. 

The  temj»eratnre  required  for  burning  lime  varies  with  tie 
com|Hisition  of  the  litnestone.      When  a  siliceous  liinejtcni^  ii 
burnt,  the  silica  eoml>ines  with  the  lime  if  the  teuijHTatun' 1« 
too  liigh  and  be  too  suddenly  raised,  and  a  coating  tif  silicate  fi)nns 
on  the  surface  of  the  mass,  which  liecomes  partially  vitrifiei 
Such  lime  sliikes  very  imjiorfectly,  and  is  said  to  be  dftid  htmt 
If  ordinary  quicklime  be  mixed  with  a  small  (puuitity  of - 
of  calcium,  or  if  it  be  re-burnt  at  a  dull  red  heatiuauati 
cnutaining  a  small  i)roportion  of  sulphurous  anhydride,  it 
the  pnipeity  of  setting  slowly  like  stucco  wlieu  mixed  m 
water,  but  if  boiling  water  be  used  it  slakes  like  common  litne. 
Lime  so  prej>ared  is  Icnown  as  ik'otfs  cement. 

(IU6)  Ifydniulic  Murtnrs. — Ordinary  mortar,  when  placed  in 
water,  becnmes  gradually  softened  and  drsintegrated,  wliilrtth* 
lime  is  dissolved  away.  It  cannot  therefore  be  used  for  R»l»- 
a<iucous  constructions.  Some  poor  limes,  however,  which  cob- 
tain  from  15  to  35  percent,  of  finely  divided  silica  or  clav,  fijmiA 
a  mortar  which  possesses  the  valuable  property  of  hardening  iwdef 
water,  furnn'ug  what  are  tenned  ht/araulU^  lifne^.  Thoe  lira** 
may  l>e  artificially  imitated  by  mixing  with  the  lime  a  due  pro- 
})ortiou  of  clay  not  too  strongly  biu-ut.  At  Puzzuob,  near  Nu[il<^« 
a  porous  volcanic  material,  which  has  received  the  name  ol jkH'"'" 
lana,  is  found.  This  substance,  when  jniwdere*!  ami  mixed  >*'''" 
ordinary  lime,  confers  upon  it  the  property  of  yielding  iin  e.«*'' 
lent  hydraulic  nmrtar,  which  was  employed  by  the  Koniuns  in 
many  of  their  buildings,  in  which  it  is  still  in  perfect  preservation- 
having  re<*isted  the  ravages  of  time  more  perfectly  than  the  bri'"** 
which  it  was  used  to  cement.  It  is  found  that  a  puzxtioh"** 
which  is  easily  attacked  Vj'j  svXv'^"-'""  w-\(\\a  m^tsi  vSivfc<\s>e.  ^1j»» 
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<ir  -imeintooocp— — adafkjAaBKe  nwipeftWw    llafb 

a  r..  ...  '>f  ahudaa;  ■btait  k  bc«ie4  viib  GaMi. deeottpueitwia 
<ioc»rs,  tbe  aJmaiiia  »  >rc  finee,  and  sifictt  uf  Gixk  k  flanwiL 
The  luateri&k  are  in  thk  war  i«ikie»l  t>»  a  roadhua  wiitatile  fv 
use  as  a  liyilranlL-  cement ;  {nU  fnaX  eare  »  reqmml  ia  l«g>aht- 
ill  '  'aperatore.  If  it  be  aUovod  tu  rise  km  ki^  )«krtnJ 
n  omtrs^  vhicli  impairs  the  tenakncr  of  the  eement  to 
c  water;  vhile,  ua  the  other  band,  if  tbe  heat  be 

iu  le  ahmuna  is  not  libomted  fium  its' c^mUnation  with 

tbe  bilica.  Tbe  Inunoliate  cause  of  tbu  solidification  ivf  tbase 
hydraulic  liiue»  appearg  to  be  tbe  fiHination  of  a  bvdmted  cuia- 
^ond  of  lime  with  tbe  eilica  and  ahmina,  wbicb  is  vvrr  hard, 
"    d  ius4.ilable  ii»  water. 

Thf  (jianafitctiire  of  artifioiid  bTdraalic  lime  w»»  first  estab- 
1-       "         n  sound  prii:  Vicat,     He  pn>c'\»ed>  thii*  in  its 

yi  ■n: — F«ur  jm  ;tlk  are  ground  and  Ifvijpated  in 

water  with  1  part  of  clav,  go  aa  to  obtain  a  verv  iutiiuAte  niixtiiru 
of  the  materials,  which  are  allowed  to  &ab^'ide,  niuiiklt>«l  into 
l>luck«,  dried,  and  calcined  at  a  careftilly  resrtilated  tempfratun?. 
Poriiand  cermni  i&  a  hydraulic  mortar  similar  to  the  nlK>ve,  It 
IS  made  from  clav  obtained  from  the  valley  of  the  ^loihvay,  and 
fi  '      k  found  in  the  i»ame  neiirhlnjurluxHl :  it  derives  its  uunio 

l!  circuuijitaTiee  that  in  colour,  when  dry,   it  ri'SoruliK's 

T  -tone.     It  is  prepared  by  thoroiijjlilv  iirindintr  the  clay 

ji;  ^  with  water,  allowing  theiu  to  suk-iide,  then  drying  and 

burning  the  mixture  until  it  undergoes  slight  vitriticntion  ;  the 
nniAS  is  iigain  ground,  and  when  mixed  with  a  proper  proportion  ot' 
\v;iter  it  forms  a  cement  which  po&>e!*e9  great  harmless  and 
tenacity;  it  expands  a:?  it  solidities.  If  iu  preparing  thin  ceiiient 
tlie  lime  be  firet  burned  and  then  mixed  with  day  ami  I'cbnrued, 
it  doen  not  require  more  than  a  full  red  boat  to  pro<luoo  a  gtxKl 
cement. 

Hyilraulie  limeri  do  not  slake  with  any  considerable  emission 
of  bi  lit  ulien  iiiitistened  ;  they  al)sorb  llie  water  without  inerea*- 
it  in  bulk,  and  form  a  paste  <>f  small  phwstieity.     In  oixler 

iiwalic  Hme  may  harden  properly,  it  uuist  not  bo  sub- 
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merged  till  it  begins  to  set ;  it  slioiild  then  l)e  topt  moist  uitil 
is  quite  liaril,  otherwise  it  \riil  always  rt'mnrn  puruiig. 

The  nipiditv  with  whioh  thetio  d'fforent   kind*'  of  bv 
limee  set,  varit-o  conbidcrably  witli  their  coiupoeitioii.    If  t 
do  not  exct*<l  lU  or  12  per  cent,  of  the  weight  of  the 
liniestoue,  the  mortar  requires  several  weekti  to  harden, 
clay  atiioitnt  t<i  fr«jui  15  to  25  per  cent.,  it  sets  in  two  or 
days,  and  if  from  25  to  35  ]»er  cent,  of  clay  be  present,  t' 
cation  occurs  in  a  few  hours.     The  «ul)st!iiice  to  whioi 
tiinnan  oinmi  is  now  applied  is  a  lime  xjX  thie  hitter  dt^cri 
Jlom.'iu  cement  is  extensively  i)repnred  from  n(.>dule«  of 
wliieJi  occur  in  the  valley  of  the  Thrtnies.     It  set«  in  a  tew 
after  tiic  mixture  with  water  has  been  effeetcid,  and  it  eoon  ri 
stone  in  harfhietw.     Aecording  to  Meyer,  the  composition  of  the  do 
daleeeuipiuyedin  the  pre])arHt]on  of  tiie  cement  is  the  followiog.^ 


Matter  soluble  in  acid 
1G0 


83-306 


Carbonate  of  c«lchim 66*99 

"  ma^beshtm. . . .   167 

"  iron 6-»5 

Alnmiiui 0-39 

'  SDJm 1 6-89 

Alumina 4-32 

Oxido  of  iron ,»..,,,,.   1-12 

L  JuF O-OOt 

Uugneiui . ,  0-37 


The  cement  obtained  from  the  neijrliboui-noiMi  .»f  I5oulo;ftiP 
almost  identical  in  composition  with  the  forepiinij ;    and  .-iimilnl 
materials  hiive  been  obtained  in  other  couutriee,  particolarlT  ill 
tl*e  Ih-hIi-  kA'  the  Jnnweic  fonnuti<in. 

Concrete  is  a  mixture  of  hydraulic  mortv  with  small  pebllfl 
ooftrwly  broken. 

(ti47)  Other  U*ee  of  Lime. — Lime  is  al*o  lar^ly  em|jlGye<l  I 
a  mannrc,  and  it  is  particularly  valuable  upon  very  riuh  vepetabi 
soils  such  Af-  tlnwe  formed  over  {)eat  Uigs:  it*  effi(?eti;  in  thi'wi.' 
are  i»artii»lly  due  to  the  dec<imposition  of  the  orjranic  nuittrt 
which  it  renders  soluble  and  capable  of  assimilation,  while  tl 
lime  ittJ*.'lf  is  couvcrtc«l  into  csirboiiate.  It  has  been  found  lii 
limestone  containing;  nnich  carbonate  of  magneMum  viehlsali 
onsuited  to  ajjricultural  purposes ;  this  has  been  atti-i^»uted  to  tl 
fact  that  magnesia  absorbs  carbonic  acid  much  more  slow 
than  lime,  and  remains  caustic  for  a  lonser  )>erirHl,  in  whii 
state  it  appears  to  l»e  injurious  to  the  tender  shoots  of  yi>ung 

The  stroHg  attraetion  exist injj  betwx'en  lime  and  carboniL, 
renders  it  a  vjiluable  material  for  separating  this  acid  trom  the 
bonates  of  potassium  and  sodium,  when  these  alkalies  are  requi 
in  A  caustic  form.     The  attraction  of  lime  for  water  fund?' 
a  means  of  remo^Tng  this  liquid  from  many  eubstAnces,  whi 
retain  it  with   considerable  force,  encb  as   alcohol ;   the  fiw 
powdere<l  lime  is  mixed  with  the  alcohol,  and  the  mixture  hl 
oeing  allowed   to  stand  for  a  few  days,  with  oocai«ional   ag: 
tion,  is  subjected  to  distillation :   the  anhyiirous  alcoh<d  pas 
over,  leaving  the  water  combined  with  the  lime.     tJinkfMl  \\ 
is  employed  aa  a  direel   (i^eiaicai  «;gsii\.  vo.  "Ctta  ■^^M\tj.cftli 
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and   a»  a  means   of   loosening  the  eitidomiis,  and 
fill  .    tJie  reiuovftl  of  the  hair- from  hides,  as  a  preliininarj 

to  the  pr(»ee»s  of  taiming. 

Peroxide  of  hydrot;«n  formfr  an  insolnhle  compound  Mritb  lime, 
Dfihich  is  precipitated  ia  crystelline  soales  when  the  ]^ri>xide  ia 
ponrcd  into  linio-water :  it  is  very  unstable,  and  nndorgoe*  sptra- 
t«nc«ius  dei;o»ipositi(»n  at  the  tcMiipfiratui'e  of  tin;  air.  This  9«b- 
etanoe  hit'^  Ik^cu  duscribcHl  as  hinoxide  of  cnl^vhim. 

(ti4S)  SL'LPniDBS  OK  Calcium. — Calcium  forms  Beveral  coni- 
ponnds  with  sulphur,  fjome  of  which  lU'e  soluble. 

The  pniioiulpliid*}  of  Calcium  ^OaS=72)  is  procured  by  de- 
composiuij  a  mixtureof  sulphate  of  calcium  and  charcoal  by^ieat, 
t»  dinj<;tt!d  for  Bulphide  of  barium.  It  is  inriolui»le  in  cold  water, 
but  when  treated  with  boilinff  water  in  small  pixnwition  is  con- 
verte«l  itito  hydrate  of  lime,  and  a  soluble  bisulphide  of  calcium. 
Pr«ito»;nlj)hide  of  cidcium  is  phosj)horesecnt  when  newly  prc]>ared. 
This  i>roperty  wiis  iirst  observed  by  Canton,  in  an  impure  sulphide 
of  cal<>ium,  which  he  obtained  by  calcinini;  oyster-shells  in  an 
open  tire  tV>r  half  an  hour,  then  selectiiiij  the  whitest  and  largest 
portions,  and  }»acking  them  with  one-third  of  their  weight  of 
flower^*  of  eulphur  in  a  crucible  witli  a  Inted  cover;  this  waa 
heated  strongly  for  an  hour:  wjien  cold,  the  cmciblewas  broken, 
and  the  whitest  pieei^s  were  iihu-ed  in  well-closed  bottles. 

By  l")iting  Hlake«l  lime  with  excess  of  sulphur,  a  penidsnJp/n'flti 
df  cuciuiji  is  obtained,  and  hvjiosulphite  of  calcium  is  fonued  at 
the  same  time  :  3  e>JiB+V2  S-f  11,4=2  eaS.  +  eaS,,JI,e,. 

(^4P)  Phospuidb  or  Calcium  (^aP^^Tl). — This  compound 
presents  some  interest,  fix>m  its  affording  the  nK>st  convenient 
fiourue  of  some  of  the  phosphides  of  hydrogen  (465).  It  is  pre- 
j»ared  l)y  ilistilUng  pliosphorus  over  lime  heated  to  low  redness : 
an'  '    '        Mdeaudpvrophosplifttoof  calcium  is  the  result, 

T  1  ;\e,-f5  0aP  (P.  Thenard).      The  most  con- 

rouieut  metiiod  oi  c<^<nducting  the  operation 
i*  ftliown  in  fig-  387.  lu  the  lower  part  of 
a  narrow  deep  crudhlo,  a,  a  hole  is  drilled  for 
the  reception  of  the  neck  of  a  flaiik,  b,  wiiich 
u  Inted  into  the  aperture;  a  quantity  of  dry 
]ibo»plu>nis  is  placed  in  the  flasK,  and  the  cru- 
cible is  tilled  with  quicklime,  broken  into  tVag- 
ments  of  about  the  size  of  a  hazel-nut  ;  a  lid 
16  tJiea  luted  ujiun  the  top  of  the  crucible. 
Tluio  having  Inrtju  given  for  the  luting  to 
Iteeume  <lry,  tl»e  upper  part  of  the  orucible  it 
raifok.1  to  a  red  heat  as  quickly  .'is  possible,  by 
surrounding  it  with  ignited  charcoal,  the  lower 
part  of  the  furnace  baVing  been  filled  with  oold  charcoal,  to  pre- 
vn  '  lioat  from  reaching  the  phosj)horu8  too  rapidly;  the 
b  lH'c«)mes  gmdually  volatilized  .'«  the  heat  reaches  it, 

be  too  lii«h,  the  phosphorus  difitils  over  witliout  com- 
bLi  ii  the  calcium. 

Phosphide  of  calcium  when  procured  in  this  manner  forms  an 
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aiiliydrons  mass  of  a  dull  red  colour,  hard  enough  i 

with  steel :  it  expcrieiicos  u^  cluiuge  in  dry  air  or  i  a? 

the  iiriliuary  temperature.     Jit  n  hi^li  teiniH'riiturc   Ir 

partially  decounioaed  by  oxygen,  cldoriue,  or  hydroelilorji-  : 

a  moist  atmo&jMiere  it  slakes,  emits  phosphurcttcd  hydro}»t'M,  XM 

crumbles  to  a  brown  powder.     This  jiowder,  when  tltroMTi  into 

water,  or  heated  to  212°,  evolves  phospliurctted  hydrogen,  which 

ifi  not  self-lighting,  and  is  mixed  with  tree  hydrogen. 

Phosphide  of  calcium,  in   its  unslaketl  form,  is  dr^wmyxwed 
whcu  thrown  into  water ;  phofiphuretted  hydrogi  r  "^d,! 

ami  takes  tire  with  the  phenomenon  already  'i  H):^ 

diluted  acids  produce  its  decompotsition  still  more  rapidly. 

(♦Uy  a)  suicide  (if  Calcium  (Si,€^a). — W older  (Zj<ri«y'«  Annai^ 
cxxvii.  25T),  in  order  to  prepare  this  singular  coin{Mjiind,  din? 
300  grains  tif  graidiitnid  silicon  to  be  hnely  powdered  ami  ill 
tiniatoly  mixed  with  3<i(iO  grains  of  chlin'idc  ot  calcinm  in  a  hotl 
miM'tar.  nml  to  be  rapidly  shaken  np  in  a  wide-moiitln.' 
with    w.'i"   grains  td'  stidimii    cut  into  small    pieces:    iip 
a  IK•^•^ian  crucible  is  to  be  brought  to  a  full  red  heat  in  a  g""" 
witnl-furiijicc;  a  little  fused  conunon  salt  is  to  1h»  thrown  iiit«»  tli 
cnicible,  and  upon  this  a  mass  of  Bodimn  of  350  gniiii6;  tli< 
the  mixtm-u  of  Bilicon  and  Kidium  and  chloride  of  culeittm,  ami 
the  whole  is  covered  with  a  layer  of  pulverized  fusinl  chl<»ridf  ol 
Bodiuni:  »fter  this  the  cover  is  put  on;  the  lire  is  thi  ! 
raised,  and  maintained  for  half  an  hour  at  a  temporal; 
to  melt  cast  iron.     On  breaking  the  cnicible  al^cr  it  luu^  CL»*.'ltHl, 
the  silicidc  of  calcium  ought  to  be  found  in  the  form  of  a  well- 
fusefl  button,  which  must  be  prescncd  in  well-closed  vcK^elg. 

Sili<'ide  of  calcium  has  a  leaden-grey  mutallic  liisti-e  and 
scaly  crystalline  structure,  with  an  indistinct  indication  of  he 
gonal  plates.     When  ex]>oeed  to  tlje  air  it  slowly  crundilos  do 
into  a  uiiise  of  graj»hite-like  plates.     If  thrown  into  water  a  eimi* 
lar  change  occurs,  attended  with  a  very  gra<lual  but  pr»>loi 
disengagement  of  hydrogen.     This  dismtegration  is  ihu?  to 
hydration  and  oxidation  of  part  of  the  calcium  and  silicon, 
new  products  remaining  nuxed  with  sonie  unaltered  sil 
Fuming  nitric  acid  does  not  attack  the  silicide  of  catcimn.     H, 
drochloric  acid,  as  well  as  dilute  sulphuric  and  acetic  acids,  eoi 
verts  it  into  the  yellow  substance  already  de^jcril>ed  (471),  vr,'  "" 
hydrogen  escapes. 

Silicide  ot  calcium  has,  in  the  hands  of  Wdhler,  proved 
source  from  which  he  has  been  enabled  to  procure  variona  coi 
pounds  of  silicon,  hytlrogen,  and  oxygen,  prc.*eTifings<tme  anal 
with  the  compounds  of  cjirbon  with  the  siune  element*,  and 
no  doubt  give  rise  to  furtlier  researchoft  of  ii«portance. 

(rt50)  CHLOBtt)B  OF  Calcttm  (6aCl„  6  11,0=111  -h  1«>8, 
CaCl,  G  Aq=55-5  4- 54);  Sp.  Gt.  fimd,  2-4S.'i,  cryttt.  It^SO 
CoinjKntiUon  in  100  jpurU,  Oa,  3(ioa ;  CI,  0307.— Thi*  wilt  \t>  o" 
taiiicd  :u.  a  stH'ondary  product  in  the  nianij!" 
from  chloride  of  ammonium,  but  it  tnav  bo  ji 
chidk  in  hydi'ochloHc  acid,  eva|  to  uryueee,  and  tuiring 
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at  a  red  beat.     Under  these  circumstances,  a  small  portion 
le  chlorine  is  displaccHl  by  the  oxygen  of  the  air,  s<i  that  the 
has  an  alkaline  reaction,  owinj;  to  the  presence  of  lin»e.     By 
ration  of  it»  goljition  it  mav  lit-  olitained  in  striated  [)rif;niatic 
idt'tl  crystals  with  ♦>  II,0,  vvliioh  fuse  at  84",     In  this  form  it 
nces  great  depression  of  tcnii)erature  when  dissolved  in  water, 
if  iiiixetl  with  snow  it  furnishea  a  ]Hiwerfnl  frcczinir  mixture, 
t' liydratwl  salt  be  exp<ise<l  to  a  ]irolontjc<l  heat  <>f  SOO*'  it 
ft  a  j^HtrouB  mass  which  still  retains  2  11,^;  in  this  state  it  is 
lalajjted  for  the  dcsiccatiim  of  gases.     Chloride  of  calcium 
tremely  deliquescent ;  a  saturateil  solution  of  the  salt  boils  at 
and  is  siiraetimes  employed  where  a  steady  temperature,  not 
iding  this  point,  is  required.     It  is  solulilc  in  alcohol,  and 
be  ••btaiued  from  its  alcoholic  solution  crystallized  in  rcctan- 
'  plates   (6a( 'I,,  4  0,11,01   containing   4    atoms  of  alcohol, 
oriJo  of  calcium  al)sorbs  ammonia  rapully,  and  forms  a  com- 
inii  with  8  atoms  of  the  ga.*.     A  solution  of  the  chl<;>ride,  if 
lied  with  quicklime  and  filtered  while  hot,  deposits  long,  flat, 
crystals  of  a  hydrated  oxyehloride,  consisting  of  (BaCl,  3 
.  1.5  H,0),  which  is  decomposed  both  by  water  and  \)y  alcohol. 
(651)  PYcoRroE  OF  Calcium  (traF,  =  7H,  orCaF=3y):  6/>.  Gr. 
14;  UumjKmtion  in  H)OjHtrf«,  Ga,  .")1"28;  F,  48*72, — This  is  an 
ndaiit  mineral,  well  known  (ii>,jfi/fi/'-.<«pa/;  which  occure  cither 
rive,  or  crystallized  in  forms  allied  to  the  cube.     It  is  found 
iipaiiying  the  lead  veins  in  C-mnberland,  Derbysiliire,  and 
iiwall,  and  is  met  with  in  a  variety  of  other  localities,  of  vari- 
OOii  colirtire,  most  frequently  blue,  green,  or  white.     Fluor-spar  is 
(principal  source  from  which  the  compounds  of  fluorine  are 
uiied.     Fluoride  of  calcium,  in  miimte  quantity,  is  found  in 
—  water  (Dr,  G.  Wilson),  and  in  many  springs:    it  is  a  iievcr- 
toing  compani<m  of  phosjdiate  of  calcium  in  the  bones  and  teeth 
rfanlnialfi,  and  indeed  is  always  found  to  accunipany  plmsphate 
of  calcium  in  the  mineral  kingdom  also,  in  small  but  variable 
funtities.     MoAt  varieties  of  nuor-spar,  when  gently  heated,  be- 
come phosphorescent,  emitting  a  pule  gi'een  or  violet   light ;  if 
Wted  more  strongly,  the  crystals  decrepitate,  and  each  fmgnient 
becomes  enveloped  for  a  few  seconds  in  a  beautiful  halo  of  light. 
It  loses  this  property  after  having  been  once  heated  ;  a  phosplio- 
itftcent  fluor,  dissolved  in  hydrocnloric  acid  and  prccijtiliited  by 
ammonia,  retainj>  its  power  of  emitting  light  when  heateil,  but  if 
«  had  been  pre%nou£ly  heated  sufticicntly  to  destroy  the  jihospho- 
fw<'cnce,  this  property  is  not  restored   by  solution   and   repre- 
tipitation. 

Powdered  fluoride  of  calcium  absorbs  sulphuric  actil  if  mixed 
witli  it  at  a  low  temi>erature,  and  loruis  a  transparent,  A'iscous 
in»j.h,  trom  which  fumes  of  hydrofiuuric  acid  are  evolved  by  heat- 
"Jg  it  to  100°  F.  Fluor-spar  undergoes  no  change  when  heated 
""ith  sulphuric  anhydride,  but  with  borucic  anhydride  it  yields 
Wntu  of  calcimn  and  fluoride  of  boron;  3  OaF,4-  4  B,0,=3(6a 
2l!Bj  -f-  2  BF,.     Hydrochloric  acid  dissolves  it  in  small  quantity. 
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expelle<i.     It  ib  not  known  "whether  this  ir  fluorine  or  chlori 
tinorine.     When  liuor-spar  is  ftised  with  the  hvdnited  alk 
un<lfrp>e«  nit  clianire:  witli  the  carbonates  of  the  alkali- 
rtiioritle  of  tht'  alkaline  metal  anil  farlwinate  <if  calcinni  nrr-  fri 
If  iu»ati*(l  wirh  pulphate  of  calcium,  it  tiit^t's   aJi<! 
whirh  is  tninsi>arent  wjjen  hot,  bnt  eiianiel-white  ^^  L. 

pniper  proportions  it  ot^^en  fonnB  a  valuable  flux  in  smi-lii 
ores  of  various  inetak,  and  hence  the  naine^^iior  is  derived, 
it  re<|HiiVfl  ratlicr  an  elevated  temperature  to  fuse  it  when  bi 
without  any  admixture. 

(6r)2)  8i  i.PHATK  OK  Caixhum  (GaSO,  =  1M),  or  StxPHATi 
Lime  (t'aO.SO,  =  68):  Sjt.  Or.  2-95;  0>rr..  '  '  ■>  m  Iimi  /«i 
enO,  41-18:  ^^„  58 •  h2 ;  tty^taUisttl u» t;>/j  : . SO.,  i>  11^ 

172);  -iS>.  (rr.  2-3(>;  wat^'r  in  100  parts,' 2('l»o. — This  ct^ptn 
oectn-s  free  from  water  in  the  niinend  anhydritif,  ci ystnlH; 
rectflngular  prisms,  which  are  found  in  the  salt  rr)ckKiof  the 
and  in  Tpper  Austria ;  but  it  is  much  more  abundant  as  a  liyi 
with  2  I1,0:  it  is  then  met  with  either  in  transparent  rtntt 
prisms,  known  ais  oel^enite,  or  still  more  fTeipiently  hi  a  til 
granular,    coinjiaet,   or   earthy   form,    constituting    the   tlifli 
varictift^  \ii'  iji/j>/fmn.  and  alnba«ter.     Sulphate  of  calcium  iti  a  v( 
oominou  impurity  in  spring  water.      Such   waters   arv 
seienit'it! ;  they  de})Osit  upon  the  interior  of  Ixvilers  in  whi 
are  used,  a  strongly  adherent  fur  or  crust,  the  comp(»hitii 
which  is  2  (^aSO,) .  H,0 ;  the  sul]?hate  being  ratht5r  less 
in  water  at  212*'  than  at  ordinary  temiwratures. 

Sulphate  of  calcium  is  pmduced  wheneA'cr  a  strong  solution 
a  salt  of  calcium  is  precipitated  by  anv  sulphate,  in  which  i'«»e 
falls  as   H  white  voluininous  sparingly   soluble   hydrate,  wlii 
requires  aliout  400  parts  of  water  for  its  solution.     It  is  in 
in  alcohol,  but  is  dissolved  to  stimu  extent  by  diluted  nit 
Imlivicltloiic  acidK.     When  heated  it  loses  its  water,  and  iflli 
tcm)icrature  be  raised  to  bright  redness,  the  anhydrous  mHs«>fi 
and  may  l>e  obtnined  in  crystals  the  same  iu  form  a&  ifaoM 
anhydrite. 

(Typ.su m  oonstitntBB  a  manure  of  coneidemble  ntilit>'  win 
judiciously  employed ;  but  the  most  remarkable  property  of 
phate  of  catcium,  and  that  for  which  it  is  chiefly  valued,  is 
power  which  the  hydrated  variety  posBesses,  al\er  it  has  l»e 
de]>rived  of  water  by  a  lient  not  exceedmg  500",  of  again  corahini 
with  water,  and  binding  or  setting  into  a  hard  nuiss.  If  the  dl 
powder  l)e  nuule  into  a  tliin  paste  with  water,  the  mixture  Iwcoi 
solid  in  a  few  minutes,  expands  perceptibly  at  the  inumeHt 
Bolidilication,  and  experiences  a  considerable'  rise  of  tpm]>erst«J 
•which  in  large  masses  may  amount  to  40*  or  50°:  a  combinatti 
of  2  atoms  of  wat«r  with  1  atom  of  sidphate  of  calcium  oc«i 
and  eventually  it  liecomes  as  haixl  as  the  original  gypsum, 
atom  of  the  salt  recombining  with  the  two  atoms  of  water  it  hi 
lost.  Gy]»suin  which  has  been  di'icd  at  a  temperature  of  fi 
400"  to  500°  1'.  ig  otinvertetl  into  a  white  friable  uiiu«,  which  whi 
pround  to  a  tine  powder  \6  ki\v)V.'u  uv  the  art»  under  the  name 
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r  of  Par'i^^  from  the  cirenmstaiice  of  the  mineral  being 

tpn-^ively  }"'»un<i  in  the  environs  of  tlio  French  metronolis.    It  is, 

particnlarly  worthy  of  ol>servation,  that  if  trie  sulphate 

I  l  to  rednejis,  it  becouies  very  umch  denser,  assumed  a 

I  le  structure,  and  hjses  the  power  of  setting  or  solidifying 

ixed  witli  water. 

■T  of  Paris  is  nianufaetnred  in  lai^e  quantities  for  archi- 
iursii  purposes :  it  is  also  extent^ively  use*!  in  modelling,  and  in 
aeouTAte  copies  of  ohjects  of  every  deseriptjon.  Suppose, 
inee,  It  were  desired  to  cojiy  a  medal :  a  raised  rim  of 
lid  is  attactied  to  the  medal,  which  is  anointed  with  a  little 
«il,  li*  prevent  the  planter  from  atlheriiig  to  its  surface.  The  dried 
pliutcr  la  then  niixed  with  water  till  it  is  of  the  coueistence  of 
thin  ereum,  and  is  immediately  applied  carefiilly  with  a  hair 
peaci]  to  every  part  of  the  surfaee,  so  as  to  exclude  air;  at^er 
wliich  a  thicker  cream  is  i)oured  into  the  mould  :  in  a  fewmniutes 
the  moss  becomes  solid,  and  the  cast  may  be  removed  from  the 
Jtoedal. 

The  addition  of  1  or  2  per  cent,  of  many  salts — particularly  of 
of  sulphate  of  potassium,  or  of  borax — confei's  upon  c^-iisum 
prupertiea  of  considerable  practical  importance.  byi>sum 
has  been  thus  treated  will  endure  a  dull  red  heat  without 
ite  power  of  setting  when  mixed  with  water.  It  becomes 
1  denser  than  ordinary  plaster,  and,  when  mi.\ed  with  water, 
in  the  course  of  a  few  hours,  and  forms  a  hard  material  which 
a  high  polish.  Keene's,  Martin's,  and  Keating's  cement 
respective  names  under  which  plaster  so  treated  is  known. 
»  consistii  of  coloured  plaster,  mixed  with  a  solution  of  size, 
ditiereiit  colimrs  exhibitetl  by  stucco  are  obtained  by  t!ie 
admixture  of  oxiiles  of  iron  and  other  metals.  By  friction  its 
Surface  is  susceptible  of  a  high  polish. 

Poli/IuMUe  is  the  mineralogical  name  for  the  sulphate  of 
Ml),  magnet^ium,  and  calcium  {K,0a,Mg  4  SO„  2  H,0),. 
.  sometimes  found  native,  and  lias  been  formed  occasion- 
■<  till  ring  the  manufacture  of  tartaric  acid.  It  is  decomposed 
water. 

iSiiIphate  of  calcium  also  forms  a  double  salt  with  sulphate  of 

m,  which  (xicurs  native  under  the  name  o( gl(vuherit&  (Na,€a 

,) ;  it  is  anhydrous,  and  nearly  insoluble  in  water. 

[e»3)  Nn-KATE  OF  Calcutm  (Oa  2  NO, .  4  H,0  =  164  +  72, 

',NO.  .  4  Aq  =  83"+  36) :  4'^.  (rr.  anhydraiut,  2-24,  en/st. 

)  is  a  de]i(|uescent  salt,  which  crvstfl,llize8  in  long  prisms : 

aoliydrous  it  emits  light  if  gently  heated.     It  is  soluble  in 

)  Carbonate  of  Like,  or  Carbonate  of  Cal<eium  (OaOO, 
or  ClaO,CO,=50):    .^>.   Ch.  of  Icetmid  spar,  272;  of 
^■nite,  2'97;  Composition,  in  \()0 parts,  OaO,  h%  60„  44. — 
Tliis  substance  is  one  of  the  most  abundant  components  of  rocks 
eraU.     In  the  amorphous  condition,  it  forms  the  diftcrent 
of  limestone,  oolite,  chalk,  and  calcareous  marl ;  it  is 
rircipal  constituent  of  corals,  of  the  shells  of  fishes,  iiudof 
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tlie  cjrgshells  of  hirflft;  it  nl»o  eiitei's  iu  prfatcr  or  ' 

into  tlie  bones  of  aniiniils.     In  iiiiiiutG  f^ranulup  ci 

tlie  (lirtbifiit  kinds  <>t'  niarhlf,  wnl  it  is  loiitul  ii' 

of  rotrular  crystalline  forms  than  any  other  kn. 

Its  |iriniary  fonn  is  a  rluinibolie<lron,  as  is  seen  in  Ireland  fcjm 

Lnt  it  also  occure  in  tlie  ineoiuuatiltle  form  of  araL""''*- 

sided  prisms,  and  is  confecqnentJy  dimoq>hou6,     Ai 

morphous  with  carbonate  of  strontimii,  and  it«  crj'ntai-  n.n  tit 

quently  contain  small  qiuintiticj*  of  this  mineral,  the  o<*<turreiic 

of  which  it  is  tinpposcd  may  asHst  in  determining  tip 

of  rlio  prismatic  form  by  the  carbonate  of  calcinni. 

nite   is  heated  it  fulls  to  powder,  an<l  the  grains  are  stnl 

assume  the  form  of  minute  rhombs.     Carbonatf  of  cahiin 

produced  whenever  a  salt  of  cidcium  is  precipitated  bv  the  add 

tion  of  an  alkaline  carbonate,  and  if  the  solutions  \tc  vnixt^l  »t  tW 

boiling-point,  the  carbonate  falls  in  microscopic  crystals,  havinl 

the  form  of  arjigunite. 

It  ifi  sometimes  necessary  to  obtain  a  perfectly  pnre  <»«rlt«nB« 
of  calcium;  for  this  purpose  a  solution  ot  nitrate  of 
be  mixed  with  an  exce^rs  of  lime-water,  which  pre' 
ne«ia,  alumina,  oxide  of  iron,  and  other  metallic  oxidtw ;  the  ^k 
tered  solution  is  decomposed  by  the  addition  of  a  mixture  of 
monia  and   pesquicarbonate  of  auunonium ;    the  precipitate 
washed  thoroughly,  then  dried,  and  heated  to  low  redness. 

Carbi»nate  nf  calcium  is  decomposed  by  a  red  lieat,  if  the] 
can  freely  eseajje  ;  but  in  closed  vessels  it  fnst>«  withoni  im^F*'! 
going  decom]>osition.  and  on  cooling  becomee  converted  into 
granular  crystalline  mass,  like  marble. 

A  combination  of  the  carbonates  of  calcinm  snd  sodinm,  it 
luble  in  water,  was  found  at  Merida,  in  South  America,  ami  oalld 
Ga;/-Limit^  {<:^aNa,  2  eO, .  5  H.O).  Bariftooik'iU  (euBa  ^  trOj 
is  a  native  duuble  carlionate  of  calcium  and  barium,  which  crj^wtall 
lizes  in  obliiiue  pi'isras. 

(»)55)  (Witireoyn  Waters. — Carbotiate  of  CAlcinm  18  pnlulili*  iij 
pure  water  to  the  extent  of  rather  more  than  3  grains  in 
out  it  ifl  freely  taken  uji  by  water  charged  with  carbonie  . 
is  «le]>osited  again  in  anhydrous  crvr^tals  Jis  the  gas  esciipi*.     in 
this  way  enormous  masses  of  crystalli;«ed  carbonate  of  cftlcinu 
arc  formed.     In  the  limestone  hills  of  Derbyshire,  and  in  varioo 
other  localities,  caverns  occur  in  which  this  phcnomen^.m  i*  per 
petually  exliibitwl ;  water  charged  wi4li  cHrlxinic  aoi<l  and  ear 
oonate  of  calcium  makes  its  way  through  the  n^of  of  tif 
where,  as  the  carbonic  acid  gradually  escapes,  the  carl, 
calcium   is  deposited   in   dependent   miuises,  like  icicles, 
ttUtUictiUit ;  whilst  the  water  falling  on  the  floor  of  the 
before  it  has  pai-ted  with  all  its  excess  of  earbouic  wM\  and  'It 
solved  limestone,  dejx)sit8  a  fresh  portion  of  the  ciystalline  niattprj 
and  thus  a  new  i^rowtli,  or  fitaJagmitr,  gradually  rist«  up  to  ui«"< 
the  stalactite  which  depends  from  the  nnif:  in  thi*  way  ■  ni' 
'pillar  of  crystallized  carbonate  of  enlcium  is  formed. 

It  ia  iu  a  similar  manner  '  calcureuns  doposit*  frsO 
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lakes  of  volcanic  districts  are  produced.  These  deposits, 
then  porous,  have  received  the  name  of  tufa  /  when  more  com- 
et, they  are  termed  traoertine.  Travertine  is  formed  abun 
atij  in  many  of  the  Italian  lal<e« ;  it  was  highly  valued  foi 
rcbitectural  purposes  hy  the  Romans,  as  it  is  a  material  easily 
vjnglit,  and  possesses  great  <hirabilitj  and  beauty, 
llany  spring  waters  contain  carbonate  of  calcium  hold  in 
iolution  by  carl)onic  acid :  when  the  M-ater  is  Imiled  tlii**  acid  Is 
xpelled,  and  the  carbonate  is  dep<>sited,  forming  a  lining  more 
less  coherent  upon  the  sides  of  the  vessel.  In  steam  hoilere 
bi*  I)ecomes  a  serious  evil :  it  is  effectually  prevented  by  the 
ddition  of  a  small  quantity  of  soda-ash  or  of  sal  ammnniac  to  the 
liter;  in  the  latter  civ-^e  carlwiuite  of  ammonium  is  funned,  and 
fttilized,  while  the  chloride  of  calcium  remains  dissolved. 
Dr.  T.  Chirk  has  introduced  a  plan  for  sot\ening  such  calcare- 
DOft  waters,  by  removing  the  carbonic  acid  from  tlieni,  un<l  caus- 
ing the  precipitation  ot  the  carbonate  of  calcium  by  thus  depriv- 
it  of  its  solvent.  This  method  consists  essentially  in  the 
dSition  of  milk  of  lime  to  such  M'ateiv,  until  the  water  gives  a 
eryfaiat  brown  tinge  on  testing  it  with  a  solution  of  nitrate  of 
lilver;  this  reaction  indicates  that  a  slight  excess  of  lime  hus 
llleen  added,  which  occasions  a  precipitate  of  brown  hydrated 
Bxide  of  silver.  In  this  operation  the  lime  combines  with  the 
f,exccsg  of  carbonic  acid  in  the  water :  the  carbonate  of  calcium 
fftui  formed,  being  int;oluble,  is  precipitated  along  witli  a  portion 
i<»f  carbonate  of  caleium  previously  held  in  solution  by  the  car- 
rtxraic  acid.  After  the  lajwe  of  twenty-four  hours  the  water  be- 
[cotnes  perfectly  bright  and  clear.  If  culouring  or  organic  matters 
•e  present  in  the  water,  a  cmisiderable  portion  of  both  goes  down 
^itJitlie  chalk.  In  applying  tiiis  process  upftu  a  large  .-^cale,  it  is 
otiiid  advantageou.-*  to  add  a  >light  e.\ce.*s  uf  lime  in  the  first  in- 
siieo,  and  afterward-;  to  destroy  this  excess  In'  a  frcsli  addition 
Qiiliraed  water.  The  carbonate  is  then  scijarated  in  granular 
rjstals,  which  speetlily  subside.  These  crystals  are  formed  much 
hore  slowly  if  the  lime  be  not  first  in  slight  excess.* 

*  Dr.  Dark  has  introductKl  a  method  of  testing  the  hardnpsa  of  water  by  the 
]>lioatioii  of  tho  Soap-teai,  which  Ijas  b««n  extensively  used.  The  oporatioo  mqy  be 
Bdnrt^d  in  the  foUowing  manner:  — 

^A  iwlation  of  soap  in  proof  spirit  (containiii)^  about  120  grains  of  cnrd  soap  to  the 

""on)  IB  first  prepareit.     In  or<lor  to  griuluatu  this  Holulioa,  18  gTuinn  of  Iceland 

r,  or  Carrara  tnnrtilc,  ore  disaoU'ed  in  a  HaBli  in  pure  hrdroclUoric  acid,  evaporated 

fdryucBS  in  the  flask,  rt-digsolved  in  wntcr,  and  a  second  time  ovaporntod  to  dry- 

ll!<k     On  ajrain  dl^solvrtig  it  in  water,  a  perfectly  neutral  solution  of  cblorido  of 

'cioni  is  obtained;  this  solution  is  then  dilut^inl  tvith  diBtilled  water  until  it  men- 

»»  1  gallon.     It  will  now  represent  a  water  of  16'  of  hardness;  that  is  to  say,  it 

I  correspond  in  hardness  to  a  water  containing  16  grains  of  carbonato  of  i-alcium 

r  gallon,  each  dejjree  of  hardness  upon  Clark's  scale  reprosentiug  an  amount  of  any 

of  ciilciura  ciJTrosponding  to   I  pn'uin  of  chalk  per  gallon  in.  tho  wntcr.     1000 

er-grain  measures  of  this  solution  nre  next  transftirrcd  hy  a  pipette,  graduBte'l  to 

fiver  exactly  this  qunntity,  into  a  bottle  which  will  hold  5  ounces,  and  accurately 

id  witti  a  glass  stopper.    The  soap  solution  is  then  added  to  the  water  firoin  a 

ette,  oath  division  of  whicl  corresponds  to  10  water-grains.    After  each  additkin 

1  tlie  soap-test,  the  fluppor  is  replaced  in  the  bottle,  and  the  bottle  is  briskly  shaken 

for  a  inluu'.e,  alter  whirli  it  is  laid  upon  its  side;  fresh  portions  of  the  soap  being 

'ded  in  small  quaniilica  until  a  &ae  lather  in  uailbrm  siuall  bubbles  remaiiis  un- 
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(656)  BvUfling  Matzah. — Carhonate  of  Ralcuiin  fontw' 
basis  of  somo  of  tlie  inattrinl*  iiKxjt  liijrlilv  prizf*!   fur  l-Tiil 

{»nr])ose8,  besides  furnishing  the  coetly  varieties  of  i 
or  interiors.     The  oolites,  such  as  those  from  the  lale  *n^ 

and  the  neighbourhood  of  Bath,  resist  the  weather  niir;  i'nIt; 
they  afhiiit  of  being  readily  fitted  and  cut,  and  yet  j«'t>pefw<  i-ofv- 
Biderable  hardness.  Many  sliflly  litni'stfrnt**  are  aJeo  well  lulaptvd 
for  the^se  pttr|:)use8.  Where  elalwrate  can"in«r  i»  re<{uired,  a  well* 
crvstallized  niagnesian  limestone  (or  doul)le  carbonate  of  calcium 
and  niagiiesiuiu),  such  a*  that  eniployed  in  tlie  new  H<itiiM>  of 
Parliament,  ie  preferred  ;  it  is  vcr^'  close  and  compact,  sulhcientlj 
Boft  to  be  etxsily  eculptiired,  but  retains  a  sharp  outline.  Many 
fine-grained,  porous,  calcareous  and  niagnesiau  8ton«'>'  It-iv..  the 
inconvenience  of  splitting  into  flakes  after  a  few  year  ^\ 

this  generally  occurs  from  the  absorption  of  water.  ati>  ri. 

BJon  whei»   tlie  moisture  thus   abiiorbed  becomes  tV'  i_' 

■winter.     A  simple  and  ingenious  nuxle  of  asccrfainiriL  r  a 

building  stone  is  liable  t<»  tliis  defect  was  invented  l)y  .  —It 

coibiisti!  in  taking  u  smoothly  cut  block  of  the  st^jUH.  nuw  or  two 
inches  in  the  side,  and  placing  it  in  a  cold  fiHtunitctl  solution  of 

broken  over  the  surbce  for  three  mimitee.  The  number  orrnnnsiirrs  of  tbo  8oap>CeM 
employed  is  noted,  and  the  Btretifrth  of  the  solution  is  iucn  linlshed  by  th« 

addition  of  soap  or  of  epirit,  ua  ntoy  bo  neoessor}',  unti)  .'   in>««urM  m* 

requiix'd  for  1000  watcr-^.'ilna  of  tbo  etAndord  solution  oi  i<i  oi  luirdn^cs,  Alkiv 
the  gelation  haa  been  mndo  np  to  tliis  st^e[lgt^,  the  experiment  l8  rep«iU«i4,  io  onlw 
to  ascertain  that  the  iidjufilment  is  eorreet. 

In  »pplrinjt  tlip  left,  1 000  ineu«urf d  prains  of  the  water  to  bp  ex»rahi«4  ore  intro* 
duwd  into  the  stoppered  bottle,  and  the  opor-ition  is  proceeded  with  aa  tbatt 
directed,  reading  ofr  the  umnbcr  of  test-iueasures  required,  in  onlur  to  prodiu.«  • 
permanent  lather.     The  dogrvc  of  harduesa  of  the  water  Is  timn  obtninnd  liy  pinipW 

Insijection  of  the  subjoined  table.    The  results  are,  howev. '  .  tf 

lafRe  quantities  of  imi^eaian  salts  are  present      <I>.  <",  <S8, 

xxxviL   ITl.)    .SomeCimea  the  water  exceeds  16   in  hardni:...   .  .<M 

be  diluted  with  an  equal  measure,  or,  if  necessary,  witK  twice,  oi  Hi 

bulk  of  distilled  water.     1000  grain-measures  of  the  dduted  w  •  .  h» 

tested  as  usual,  and  the  number  of  divisions  of  the  aoa}>-te.«t  empii.ytd  la  to  kte  r^ 
ofl^  and  the  defjrree  of  hardness  corresponding  to  it  is  noted  frnui  Uie  tiblc.  Tb>> 
degree  must  bo  finally  multiplied  by  2,  by  3,  or  by  -1,  aooordiuK  to  the  extcal  to 
which  the  water  had  been  preriously  diluted. 
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Jphate  of  sodiimi<     The  temperature  of  tlie  solutioo  is  gradually 

'  to  tilt;  lK)iliu"-point.,  it  is  allowed  to  boil  for  half  jui  hour, 

then  the  stone  i8  lell  to  cool  in  the  liquid.     Wheu  cold,  it  is 

atlcd  over  a  dish,  and  once  a  day  for  a  week  or  a  fortuifrht 

!ii  for  a  few  moments  into  a  cold  saturated  solution  of  tha 

of  sodiuni,  and  is  then  ai^ain  freely  sus-pended  in  the  air. 

)  sulpliate  of  sodium  crystallizeij  iu  the  poree  of  the  stone,  and 

^lit»  till  Ira^meutfi  of  it.     A  Biinilai-  experiment  is  made  upon  an 

K|nal  sized  maaa  of  stone  which  is  known   to  be  free  from  this 

[delect    Bv  the  comparative  weight  of  these  fragments  in  the 

|Uo  cases  tlie  tendency  of  the  stone  to  the  defect  in  question  may 

'be  estimated. 

A  tjtoue  which  is  placed  in  a  building  conformably  to  ita  posi- 
^on  in  thequarrv,  bo  that  its  eoams  shall  lie  h«:irizontally,  is  much 
loA  liable  to  injury  from  tlie  weatlier  than  where  this  point  is 
Inflected. 

In  the  selection  of  a  building-stone,  regard  must  be  had  not 
merely  to  its  durability,  but  also  to  tiie  locality  in  which  it  is  to 
beplftce<l.  A  stone  wliieii,  like  a  lujigtiesian  limestone,  may  en- 
dure uachunged  for  ages  iu  the  upon  cuintry  air,  may  yet  in  the 
atiiiiK[)liere  of  a  large  city  bectitni'  rapidly  disintegrated,  owing 
to  the  action  of  the  sulphuric  acid  imjihicud  by  the  immense  quan- 
tities of  Cual  which  are  burned.  Decay  fnun  this  cause  is  strik- 
ingly shown  in  the  stone  used  in  some  part«  of  the  new  Houses 
Otf  rarliaiaent,  and  still  more  so  iu  tlic  new  buildings  iu  Lincoln^a 
W 

A  valuable  report  upon  the  coniposition  and  quality  of  vari- 
008 kinds  of  building  stuues  wsis  made  to  the  I5riti^h  Government 
to  1839,  upon  the  occasion  of  the  rebuilding  i.»f  the  Houses  of 
Parliament. 

The  other  varieties  of  building  stones  are  mostly  siliceous. 
*o  this  class  belong  all  the  sandstones,  which  consist  chiefly  of 
grains  of  silica  united  bv  a  cement  more  or  less  ferruginous.  The 
Jwiibility  of  the  stone  dej^ends  mainly  uj^on  the  chai'ucter  of  thia 
^■uniting  material.  Jlany  igneous  rotfks,  >uch  >is  porphyry,  biiftalt, 
^flud  lunre  especially  granite,  iire  also  used  tor  building  purposes  ; 
~  •lilt  I'rom  tlieir  hardness,  they  are  seldom  wrought,  ex<'ept  when, 
•*  "i  quays,  bridges,  or  causeways,  the  constant  wear  is  unusually 

Rf'^t,  ana  where  softer  though  less  expensive  materials  would  soon 
be  destroyed. 
(057)  Phosphates  of  Calciitm. — The  most  remarkal»le  of  the 
""sphatcs  of  calcium  is  that  known  as  the  lone  j>hos^>hnts  (Oa", 
'Pe„  or  3  Cat),PO.;   Comp.  in  \m  parts,  GaO,  54-2;  F,e., 
,'^\  so  named  from  its  foruiing  the  jirincipal  earthy  constituent 
"*  the  animal  skeleton.     It  is  easily  procured  by  adding  chloride 
**'  ualcium,  drop  by  drop,  to  a  solution  of  plios[>hateof  sodium  iu 
^•V;^-55g^  when  it  falls  as  a  gelatinous  precipitate  with  2  H,0.     It 
^*y  also  be  obtained  from  calcined  bones  by  digesting  them  in 
'^fic  acid,  and   precipitating    the   tiltcred   solution  by  caustic 
^^iuonia.     This  phoepliate  is  insoluble  in  water,  but  is  readily 
^'''Beolved  by  acetic,  and  the  stronger  acids.     It  occurs  native  ftd  a 
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"wliito  amoTphous  mineral,  known  under  the  vaine  of  j/ho^j  J 
In   the  Norfolk    crafj  consideraljle  deposits   nf  hn^wn   r 
pebbles  occur,  known  under  tlie  name  of  copntliteit^  fr  i 
erroneous  suppoif-ition  that  they  were  the  t'ofsifized  duni;    •  - 
of  extinct  animals:  they  contain  a  lar^e  proportion  of  plio-jihate 
of  cfileiuni  mixed  with  earbonate  and  fluoride  of  cakiiun.    In 
tlie  ^rcen-sand  formation  near  Fnmliam,  and  in  other  localities, 
nodiilts  eliiefly  composed  of  phosphate  of  calcium  are  also  found 
abnndiintly. 

A  trihasic  phosphate  of  calcium  occurs  natnrallv  crj-^tallirpd 
in  hexagonal  prisms,  which,  when  colourless?,  are  called  ajKttiU; 
wlici)  ot  a  green  crtlour  it  is  termed  vtoroxiis  ;  in  these  minenils 
llirec  HtoiuH  of  the  jihnsjdjate  are  associated  with  one  atom  nf 
chh.ildr  and  fill., ride  of  «ih'iiim:  3  (Oa,  2  ?0,),  en  (CIF).  If 
boiie-jish  be  fused  with  about  4  times  its  weight  of  chloriiie  of 
Bodiuiu,  and  allowed  to  e«H>l  verj'  slowly,  delicate  crystals  having 
the  fnnn  of  apatite  are  found  lining  the  cavities  contain^  in 
the  1I018S  (F(vrchhatnnier).  When  rhombic  phosphate  of  stxiium 
in  Bohition  is  added  dro]>  by  drop  to  an  excess  ot  chloride  of  cal- 
cium, a  semi-crystalline  precipitate  falls,  which,  according  hi  IWr- 
zelius,  consif^ts  of  (2  €^a"IlPB.,  3  H,0). 

Several  other  phospliates  of  calcium  may  be  formed,  rorre- 
sj^jiiding  in  coiupnsititm  to  the  various  phosphates  of  tMlMlinm. 
The  soluble  acid  phosphate,  or  miperpho»phatt-  of  lime  (^Ti'II, 
2  PG.,  or  CaO,  2  II<>,P<),),  is  prepared  by  treating  bone-earth 
with  two-thirds  of  its  weiglit  of  oil  of  vitriol,  as  in  the  prelimin- 
ary stage  of  the  extraction  of  jijiosphorus.  It  is  largely  nisnn- 
faetured  as  a  numure  for  turnips. 

(H5SJ  A  double  borate  of  calcivm  and  sodivm,  or  horo^airo- 
cuJ^ife,  [2  (Naea"  3  BO,)  3  \\B, .  18  11,0],  is  found  at  I<^uique,  in 
Peru,  in  the  fonn  of  rounded  nodules,  composed  of  tine  silkj? 
needles.     It  is  but  sparingly  soluble  in  hot  water,  to  wLicb  it 
comuiunicates  an  alkaline  reaction;  but  it  is  easily  dissolved  by 
diluted  ueids.     This  mineral  has  recently  been  imported  into  tins 
country  to  some  extent  for  the  preparation  of  borax,  which  is 
easily  obtained  from  it  by  dissolving  the  compound  in  hot  diluted 
hydrochloric  ucid,  and  precijvitating  the  calcium  as  carlwinate  by 
the  addition  of  carbonate  of  sodium  ;  the  clear,  supernatant  liriuiii 
on  evaporation  yields  crystals  of  borax,  whilst  chloride  of  Bodium 
remains  in  solution. 

('fi59)  CnARACTERS  OF  THE  Salts  OF  Calcifm. — The  salts  of 
calcmm  are  colourless.  They  give  no  precipitate  with  ammonia. 
but  yield  a  white  j>recipitate  of  carbonate  of  calcium,  with  th« 
carbininU'^  of  the  alhali-meiah.  Si^lution  tif  sjilpliatf  of  caJrivm 
produces  no  precipitate;  the  calcium  salts  are  thus  distinguishetl 
from  th*»!*e  of  barium  and  strontium  :  they  yield  no  precipitate 
with  InjdroxulpJiiiteof  avmvmhiW;  (Kruloii'  if  aw m-onirtm,  even 
in  very  dilute  neutral  or  alkaline  solutions  «)f  salts  of  calcium, 
throws  down  a  white  oxalate  of  calcium,  which  is  soluble  in  nitric 
and  hydrochloric  acids,  biit  not  in  acetic  acid.  Salts  of  ealcinm 
give  a  greenish-yellow  tinge  to  llame,  and  when  examined  by  tk« 
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may  be  reconrniaed  by  a  bri<rlit  line  in  the  orange, 

,  a  broad  rather  less  luminous  band  in  the  irrecn  ;  fainter  lines 
•also  visible  in  the  red;  and  occasionally  a  bright  blue  band  is> 
sn. 

E»tiin<it!onr  of  Calcium. — In  the  determination  of  calcium  for 
alyticiil  ])urpo6es  the  oxalate  is  t!ie  ))reei[>itate  usually  eiujiloyed  ; 
W  before  weighing  it  is  heated  tn  dull  ivdnc^s,  so  as  to  convert 

i  oxalate  into  carbonate  of  culcinni  :  HX)  parts  of  the  carbonate 
present  56  of  lime.     If  no  other  base  be  present,  caleinin  may 

I  be  estimated  in  the  form  of  i<ulphate.  If  the  calcium  be  not 
iy  in  the  state  of  sulphate,  the  salt  is  heated  with  an  excess 

sulphuric  acid,  and  ignited ;  when  cold,  it  is  weighed:  HHi 
iiius  ijf  sulj>hate  of  caicinni  represent  -il'lS  of  lime. 

Magnesium  will  be  described  in  the  group  containing  zinc  and 
iliuium  (683  ei  seq.). 


CHAPTER  XrV. 


GROUP   m. — MKTAL8   OF   THE    EAJJTH8. 

§  I.  AiA-jn.vrM:  Al'"  =  37-5,  or  Al  =  IST.     Sp.  Gr.  from 
1-5  to  2-67.     SjK  Heat,  o-SUS.     Ele<-tric  ConductuHttf  at  'idV% 
'76.    Atomic  Vol.  solid,  10'56. 

(660)  The  pure  earths  are  white,  insipid,  insoluble  compounds, 
tile  oxides  of  metals  which  possess  a  high  attraction  for  oxygen. 
A  single  o.x:ide  only  of  each  metal  uf  this  class  is  known,  except 
in  the  i-ase  of  cerium.     (See  ]>.  '2lM>.) 

Of  these  metals  the  most  abundant  and  imjH)rtant  is  Ai-iT>nxrM, 
*uii.'h  derives  its  name  from  alum,  into  tlie  composition  of  which 
it  enters.  Indeed,  alumina  (tlio  oxide  of  aluminum)  constitutes 
alxjut  10  per  cent,  of  this  salt. 

Pre jxi ration.  —  1.  Aluminum  was  originally  procured  by 
"oliler,  by  deeomposing  chloride  of  aluminum  in  a  porcelain  or 
I'latiniim  tube  liv  means  of  potiissium.  He  obtained  it  tir.-;t  as  a 
Etoel-grey  powder,  and  subsequently  in  insilteable  globules.  In 
the  pulverulent  form  it  is  gradually  oxidized  by  boiling  water, 
*nJ  more  rapidly  by  alkaline  snlutions.  When  heated  in  this 
"Jnn  in  oxygen  ga.s,  it  takes  tire  and  burns  with  a  vivid  light, 
emitting  so  intense  a  heat  as  to  fuse  tlie  alumina,  which  tWrms  a 
3T?lloM'ish  ma.ss,  in  colour  and  hanlnes!!  resembling  native  crystal- 
"Ztd  alumina  as  it  exists  in  corimdum. 

2. — Bunsen  o])tainfi  alumitnun  by  the  idectrolytic  decomjjosition 
01  the  double  chloride  of  sodiutti  and  aluminiun  (2  NaCl,Al,Cl,), 
lais  salt  melts  at  about  356'',  and  readily  furnishes  aliniiiiiuin  by 
'^prrx'ejw  similar  to  that  adopted  in  the  case  (»f  magtiesiunj  ((iS3): 
''Qt  a«  the  alimiinum  is  heavier  than  the  fused  salt,  it  is  more 
^ily  collected  than  magnesium. 
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Avnasm, 


8. — Altiminum  may  be  prepared  in  the  iRboratorc,  1 
tliod  of  Deville  (Ann.  de  Chimin,  III.  xliii.  »\ — Intoi 


^'5  *i» 
iijptliod  of  Deville  (Ann.  de  CViimie,  III.  xliii.  5). — Intosiwidi 

tube  of  bard  gla^  ot  an  inch  or  an  incii  and  a  Liil/  iu  din 

rthont  half  a  |>oundof  dry  chloride  of  aluminxim  if>  introdrnt-d, 

ke])t  in  its  place  by  jdiij;*  uf  H«beHtos  ;  a  current  «>f  dry  liydi 

perfectly  free  Iruni  air,  is  transmitted,  and  the  chl«)ri4ie  nf  al 

mini  IB  very  jieiitly  heated;  in  thi*  way  traces  of  hydxoc! 

luiil  and  chloridcg  of  sulphur  and  silicon  are  expelled.     Tb 

f<iin'  tJiiiall  jmrcehdn  trayt*,  each  cont;iining  40  itr  50  praiii.^  i>l' «> 

diiun,  frue<l  from  adhering  naphtha  by  prec*ure  between  foldi^  ol 

blotting-paper,  are  then  introdnced  into  the  tube ;  the  t-nrrert 

of  hydrogen  is  still  maintained,  and  heat  i*  applied  to  the  |«rt 

of  the  tx\\n!  which  crmtains  the  eixliuni.     Tbi'i  end  of  the  tube 

must  be  slighth-  elevated,  in  order  to  prevent  the  melted  clilnriile 

of  nlumitiuni  from  running  down  upon  tliew»dium  ;  in  wbiolioi^ 

the  heat  emitted  is  so  intense  as  to  crack  the  tube.     When  the 

fioilium  is  melted,  the  chloride  of  aluminum  is  gnwlually  <lisfilW 

over  by  tlie  application  <if  a  regulated  heat,  and  is  reduced  with 

vivid  incandescence.     The  aluminum  is  condensed  in  the  proo- 

lain  trays,  in  which  also  a  doublechlorideuf  aluminnm  andwHJium 

collects  around  the  reduced  aluminum.     These  trays  lind  their 

contentg  when  ctihl  are  withdrawn  from  the  gkss  tube,  and  plarcd 

in  a  porcelain  tube  fliroiigh  which  a  current  of  hydri)gen  is  tnuu- 

mitted,  whilst  the  tube  is  raised  to  a  bright  red  heat  ;  the  almni- 

num  fuses  into  gbibules  in  the  yidrcelain  trays  ;  and  by  fusinir  it 

once  mure  in  a  porcelain  crucible  under  a  layer  of  the  <]iiuble 

chloride  of  aluminum  and  sodium,  a  button  of  pure  aluniinnm  ii 

L  obtained. 

Messrs.  Bell  of  Newcastle  have  carried  out  the  pr<xjeB8  of  D** 
nlle  as  a  miimifacturing  operation.  They  jirepare  an  alnmiuat© 
l)f  sodium  from  15ivu.\ite,  iin  aluminous  ore  of  iron  (t>G3).  and  pre- 
cipitate till?  ftlumina  as  hy<lrate,  liy  means  vf  hydroehlori*'  Hciil. 
The  precipitated  hy<lnite  of  alumina  is  then  nuxtnl  with  cuinmoil 
Bait  and  eliarcoal,  made  into  halls  the  size  of  an  orange,  and  driuii 
These  balls  are  placed  in  vertical  eaithen  retorts  heated  t*t  re(V 
ness,  and  through  them  dried  chlorine  is  transmitted.  A  douhli 
chloride  uf  iduminuin  and  sifKliiun  (2  NaCl,A.l,C],)  distils  uvel 
This  double  salt  is  heated  with  sodium  in  a  reverberatory  fumiic^ 
and  (lie  aluminum  euUects  at  tbe  l>ottom  in  a  meltetl  form,  whil 
the  chlorine  is  removed  by  eontbiniition  with  the  swlium, 

4. — Rose  obtains  aluminum  from  cryolite  (3  Is'aK.AlF,) 
fusing  it  with  sodium.      For  this  purpose  Wohler  recommen 
7  parts  of  chloride  of  S4>dinm  to  be  melted  with  f)  of  cJihiride  n 
potassium,  and  the  mass  thus  furni.^hed  to  be  finely  powder 
and    intimately  mixed  with   its  own  weight  of  cryolite  iu  ti 
powder.     This  powder  is  to  l>e  introduced  with  a  titth.or  a  six 
of  it.s  weight  of  sodium  (arranged  in  alternate  layers  of  the  powil 
and  the  metal),  into  a  dry  earthen  crucible,  which  is  to  be  lieut 
rapidly  in  a  wind  t'uriiace.     An  intense  rea<-tion  occurs,  and 
portion  of  the  sodium  burns  otf.     Tlie  mixture  is  then  heatc<l  fd 
about  a  quarter  of  an  hour  until  it  id  iu  lic^uid  fuaion^  and  is  tin 
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tUored  to  cool.     Thd  aluminnm  generally  c<>l]oct»i  at  the  bottom 

Into  a  well-formed  button,  which  is  frequently  crystalline  on  ita 

Kirfiice.     In   8»»ine  experiments  the   quantity  of  re<hK'ed  metal 

nn<iiiiitHd  to  one-tliii*<J  of  the  proportion  present  iu  the  mineral 

enijil'-yeil. 

{>'>><[)  Properties. — Ae prepared  by Deville's process, aluminum 
k  a  white  malleable  metal,  nearly  resemblini;  zinc  in  colour  and 
luffdnciis :  it  may  be  rolled  into  very  thin  foil,  and  admits  of 
beiiisi;  drawn  into  tine  wire  ;  after  it  has  l>een  rolled,  it  Iveeomea 
nittcii  harder  and  more  elastic.  It  conducts  tdeetrieity  witii  about 
WMhirdthe  power  of  silver.  Aluminum  is  remarkably  tsonorons, 
and  eiiiitti'  a  clear  mu.sical  sound  when  struck  with  a  hard  body- 
Fused  ainmiuum  cryetallizett  readily  as  it  cools,  apjiarcntly  in  re- 
gular Oftohedra ;  it*  point  of  fusion  is  below  that  of  silver.  It 
maybe  heated  intensely  in  a  ciuTCiit  i»f  air  in  a  inutMe  without 
Miidergoinf;  more  than  a  Riiperticial  oxidation,  and  it  is  but  slowly 
OTidizeil  when  heated  to  full  redness  in  an  atmosphere  of  steam. 
When  heated  in  the  form  of  I'oil  witii  a  sidintei'  of  wood  in  a 
camnt  of  oxygen,  it  burns  witli  a  brilliunt  uhiish-whito  lijjht. 

Xitric  acid,  whether  concentrated  or  diluted,  is  without  action 
tipon  ttlumiuum  at  the  ordinary  temperature,  and  dissolves  it  very 
alowly  even  when  b<jiled  upon  the  metal.  Hydrufbloric  aciil,  on 
the  wmtrary,  both  when  concentrated  and  Mben  diluted,  attacks 
it  rapidly,  forming  chloride  of  aluminum,  whilst  hydrog-on  is  dis- 
engnjic'd.  Solutions  of  the  alkalies,  especially  when  aided  by 
littt,  also  attack  aluminum  with  encrtjy,  producinij  aluunna, 
[which  is  dissolved  by  tlie  iilkaliue  solution.  wliil.~t  byilro>;en  ^na 
»  lilieriited.  From  its  lif;htness  ami  inalterability  in  the  air, 
•Iniuitrnm  has  been  a]>[tlied  to  tiie  preparation  of  small  weijjhts: 
Imt  some  ditficulty  is  exj>erienced  in  workinj;;  tiio  metal  for 
iwnt  of  a  suitable  solder.  It  is  chietly  used  for  ornumeutal 
ttticlea. 

Aluminum  readily  forms  alloys  with  copper,  silver,  and  iron, 
BOtit  may  be  melted  with  lead,  without  any  eoudiination  between 
tlie  two  metals  taking  place.  Its  alloys  with  copper  nre  very 
'i«ril.  nud  susceptible  of  a  high  polish  ;  they  vary  in  colour  from 
•  golden  yellow,  according  to  the  ()ro]»)rtion  of  tbo  two 
I  ;  one  of  tiiese,  a  beautiful  alloy  of  a  goIik>ii  yt.-tlow  coKnu', 
«-<jnt»iaing  about  10  per  cent,  alunnnum,  is  mannfactured  by 
Me«6r8,  Bell  under  the  name  td'  aluminum  hrfmze.  C!op]per  of  high 
purity  ig  neede<l.  Aluminum  also  combines  readily  with  carbon 
Wd  ailicon,  forming  greyish,  gi-anidar,  brittle,  and  crystalline 
"••Wpounds,  which  ]>resent  a  considerable  analogy  to  cast  iron, 
"does  not  combine  with  mercury. 

Finely  divided  aluminum  burns  brilliantly  in  the  vapfuir  of 
6n]phur,  and  forms  a  black  sulphide  (A1,S,\  of  semi-metallic  ap- 
Pftiriinee,  which  is  rapidly  tlcco]ri|K»sed  by  water,  with  formation 
^'  li.vdrate  of  ahmiina  and  sulpliuretted  hvdrogcn. 

(«t!2)  Alumina  (Al,e,  =  1U8,  or  A1,0,  =  51-.5);  Sp.  Gr.  of 
fuiv,  a-95  :  Compmition  in  100  parts,  Al,  63-39 ;  O,  40-<U.— Tliis 
to  tlie  only  known  ox'de  of  aluminum  :  fi*om  its  isomorpliism  with 
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tlie  ecsquloxide  of  iron,  and  its  general  resembkinee  to  it  in 
perties,  it  is  rcgard«d  as  a  sesnuioxide.      It  forms  one 
niaterifils  tliat  enter  most  largely  into  the  coTujHisifion  i)t\ 
gnpei-ticial  t<trata  of  the  earth.     It  is  the  ba^is  of  all  the  var' ' 
of  day,  and  h  present  in  greater  or  less  quantity  in  almost 
Boil.     Alumina  occure  nearly  pure,  and  crystallized  in  eixn 
])risni8,  in  a/rundumy  in  which  mineral  it  has  a  specific  gra>it 
S-iK),  and  is  hard  enough  to  cut  glass.     The  sapp/iire  and] 
rtiht/  are  nlno  composed  of  this  earth,  tinajed  with  a  email  <j»i« 
of  oxide  of  chromium.     They  are  only  mferinr  to  the  diamond 
liaidness.     lutht-i/.  which  from  it»  hardness  h  so  larsfly  used  in 
grinding  iiTnl  pnlisiiiiig.  after  it  has  lieen  [Miwdere<l  an<l  levi« 
is  aiiotlifr  t'oriii  <it  aluiiiiiia,   cuU>ured  with   oxides  of  irun 
nianganci*e. 

In  onler  to  obtain  alniiiinn,  it  is  sufficient  to  ignite  pure 
njonia  alum  {II.XAr"  2  Sf>,,  12  II,0)  intensely  for  some  tiro* 
the  water.  Jiininonia,  nnd  snljiiiuric  acid  ai'e' €»xpe11e<].  !»!i«l 
drous  aluniiiia  is  left,  in  the  jiroportion  of  ll'i5+  parts  of  tdii 
for  lot)  of  the  crv.-taliizcd  salt.  It  is,  liowever,  nearly  iniiMo*! 
to  drive  off  the  hist  jiortions  of  sulpliuric  acid,  as  the  sjilt  sw»'Ils 
up  enonnousiy,  atid  t'unns  a  white.  ]ir»rous,  infiisihlo  nias*;,  wliioJi 
is  an  extremely  Lad  coiidnct<jr  of  heat.  Alumina  mayal«»l» 
proc'urci)  from  alum  quite  free  from  imn  ;  the  salt  should  liedj^- 
Bolveil  in  water  and  precijiitated  by  carbonate  of  potate.->imii  in 
Blight  excess  :  the  li<piid  should  l)e  wanne<i,  and  the  precipitate 
well  washed  ;  but  since  traces  of  ]iotash  alw.-iys  adhere  to  it  oJk 
etinately,  it  must  be  re<lissolvcd  in  hydrochloric  acid,  and  thei 
thrown  down  by  ammonia  or  carbonate  of  ammonium  ;  in  which 
case  it  falls  as  a  white,  semitransi)arent,  btjlky,  gelatinous  hv<l™te, 
which  must  be  again  thoroughly  washed.  In  this  form  :uuuiin» 
is  conqtletely  soluble  in  a  solution  of  jx^tash,  and  is  readily  t»keB 
up  by  aci«ls.  On  drying  it  contracts  very  much,  and  finns  * 
yellowi>h  translucent  mass,  like  gmn,  retaining  3  H,0.  Dlofpif* 
is  a  natural  iiydrate  (A1,B„  I1,0),  which  decrepitates  stnmjrly 
when  lieat«Hl,  shk}  falls  t<i  powder.  Alumina  mav  also  l»eobtaiD<!«l 
from  uluininiile  of  sodium  (<503)  by  adding  hydrochloric  acid  in 
quantity  just  siithcieiit  t<i  form  chloride  of  sodium. 

The  hydrate  of  alumina  when  ignited  loses  its  water,  and  «t 
a  certain  teui}K'rature  presents  an  appearance  of  sudden  inc*!* 
descence  ;  it  eontracts  greatly  at  the  moment  that  this  eil'ect  il 
produceil.  and  is  afterwards  nearly  insolnble  in  acids.  HydraMj 
of  alumina  is  strongly  hygroscopic,  and  adheres  to  the  tongiM 
when  applied  to  it. 

Aluuuna  fuses  before  the  ox^diydrogen  blowpipe,  and  yields  i 
'colourless,  transparent  mass,  reaendiiing  corundum.  Gfludi 
Btatea  that  artificial  crystals,  having  the  form  and  hardness  of  th 
ruby,  may  be  obtained  by  calcining  e(]nal  parts  of  sulphate  oi 
potassium  and  alum,  and  intro<lucing  the  mixture  in  fine  \xfw<\ 
into  a  crucible  lined  with  lampblack.  The  cover  is  then  to  b 
luted  on,  smd  the  cnicible  exposed  to  the  highest  heat  of  a  furp 
ibr  a  quarter  of  an  hour.     In  this  o\)eration  tho  Bulphuric  acid  1 
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alphato  of  aluminum  is  expelled,  the  aulpliato  of  potassium 

ince<l  to  ?ulp]ii(ie  of  potassium,  and  this  comjjinmd  dissolvea 

ion  of  the  liberated  alumina,  depositing  in  it  rninute  pris- 

colourless  ervtitals.,  durin;^  the  slow  cooling  of  the  mass. 

r'rT:>talri  maybe  cleansed  frojii  adhering  impurities  by  digcs- 

;in  dilute  aqua  regia.     Simihxr  i^rystals  have  also  been  ob- 

"  by  Deville,  wlio  has  succeeded  in  obtaining  the  hue  both 

111'  ruby  and  the  sapphire.     Alumina  forms  salts  with  the  more 

tweH'ul  acids,  hut  these  saUs  are  reatlily  decomposed:  they  all 
re  ail  .acid  reaction ;  and  indeed  alumina  possesses  projtertiea 
prbicli  approach  somewhat  to  tliose  of  an  acid,  for  it  lias  a  sti'ong 
tondcncv  to  unite  with  basic  oxides.     The  xplnvlle  ruhi/^  for  e.x- 

P»le.  i*  a  native  aluminate  of  magnesium   (Mi^Al.Oj,   and 
niU   is  an  aluminate  of  zinc  (}5nf>A:l,0,).     t'rcmy  hps  also 

"'■ 1  a  white  granular  ciim])<mnd  of  alumina  with  ]»ota.sh, 

he  assigns  a  comi><>siri(>n  r(trre*p< aiding  with  tlie  funiuila 
li\.»^Ai,*>,).     AVhen  the  solution  of  altiiiiina  in  potash  is  exposed 
l"t!ip  sir  it  absorbs  carbonic  acid,  and  a  terhydrate  of  alumina  ia 
'  in  regular  crystals. 

ina  when  combined  with  silica  forms  clay,  whicli  is  the 
iNuii  of  porcelain  and  of  earthenware.  To  the  dyer  and  the 
Wliiro-printer  the  compounds  of  ahmiina  are  of  jiigh  value:  the 
hyJmte  of  alumina  has  tlie  property  of  combining  intimately  with 
Cfrtain  kinds  of  organic  matter,  and  when  salts  of  aliiiiiimnn  are 
liiinjjN'd  with  coloured  vegetable  or  animal  soliitioiib,  lotd  ]ireci- 
J»it«te<l  by  the  addition  of  an  alkali,  tlie  alumina  carries  down  the 

PitiY  jioition  of  the  colouring  matter,  forming  a  species  of  ])ig- 
te  termed  lakes.  By  soaking  the  cloth  witli  a  preiJjirntJon  of 
linum,  the  earth  attaches  itself  to  the  t)l»re;  and  if  cloth  tlius 
pwnared  he.  plnnge<l  into  ^  bath  of  the  colouring  matter,  it  be- 
onifs  permanently  dyed.  Most  col'mring  matters  would  l)e  re- 
moved J)y  washing,  were  it  not  for  tlie  intervention  of  some  mor- 
d'Vit,  i)r  substance  which  thus  adheres  to  tlie  tibrenswell  as  to  the 
fiiiiiiriiifj  tnatter.  Binoxi<ic  fif  tin  and  the  sesfjnioxides  of  iron 
»n<lcliromiuin  resemble  alumina  in  this  respect,  and  are  largely 
Jjtfti  as  mordants  in  dyeing  calicoes  and  woollens. 
HALt.  Onm  (Q.  J.  Vh^m.  Sac.  vi.  21t»)  has  described  a  remark- 
Pfcmoditication  of  hydrate  of  alumina,  whivh  in  the  presence  of 
•  verj' small  proportion  of  acetic  acid,  is  hu-gely  sfduble  in  water, 
•nd  19  coagulatoa  and  rendered  Insoluble  by  a  minute  trace  of 
roliihiu'ie  acid.  It  appears  to  be  pro!»able  from  tlie  ex]ieriment8 
of  Pean  de  St.  Gilles  {(Vicni.  Gdz.  IS.'iS,  p.  I<i5)  that  sesquioxide 
pf  iivin  admits  of  a  similar  modification:  these  compoiuids  will  be 
further  alluded  to  wlien  the  salts  of  acetic  acid  are  described. 

R(663)  Ahiminnte  of  ><odinm  {Na,:A:l0,). — This  compound  now 
Ie  an  article  of  commerce.  It  is  obtained  by  heating  IJauxitc, 
Fdrated  aluminous  peroxide  of  iron,  whicli  contains  Irom  fl(J  to 
i5  per  cent,  of  alumina,  and  only  from  1  to  3  per  cent,  of  silica. 
It  is  mixed  in  fine  powder  with  carbonate  of  sodium  or  soda  aslt, 
Wd  heated  to  bright  redness,  until  no  eHcrvesrence  occurs  on 
the  addition  of  an  acid.    On  lixiviation,  the  aluminate  is  dissolved 
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out  and  separated  by  filtration  into  a  vessel,  from  Trhicb,  to 
erute  the  upenitiun,  the  air  is  exhausted.     Tlie  filtrate  wliwi 
porated  to  dryiK'i>!»,  gives  a  ■whitish,  infueible,  but  fret-U  it. 
compound,  which  i\iniit»hed  a  vaJuablo  material  in  tlie]>re|i 
of  lakeii  for  iiiyment*.  as  well  ag  for  the  {lurpose*  of  a  niorJ 
the  oalico-pnnter,  which  will  probablv  to  a  large  extent  i»u 
the  use  of  the  ditterent  forms  of  alum.     The  silica  remain^ 
in  the  fonn  of  an  insoluble  alununot^ilicatc  of  6«j<liuui. 

If  a  HolutioQ  of  aluminate  of  Helium  ii>  exi>oM?d  to  the 
of  a  current  of  carbonic  acid,  carbonate  of  sodium  is  pro*! 
and  hydrate  *>{'  alumina  preei|>itated  contaminated  with  suda. 
hydrijchlnrie  acid  in  iiuantitv  sufficient  to  neutralize  the 
abided  to  a  solution  of  the  aluminate,  the  alumina  is  preciiit 
in  a  fuiiu  in  which  it  may  be  washed  ;  but  the  precipit.r 

})ly  dried  when  it  is  tu  lie  UKevl  in  tlio  preparation  of  ii 
or  which  it  is  chiefly  required;    the  presence  of  cii 
Bodium  bcinj;  advantageous  in  thesub^ecpient  operation-^.    Ai 
Otis  reaction  occurs  when  solutions  of  ahnuinate  of  H>dii 
chloride  <>f  aluininiun  are  mixed  in  equivalent  proj>orti 
ride  of  sudium  is  formed,  and  the  alumina  from  both  »• 
is  ]>recii  tituted  in  the  form  of  hydrate ;  2  (Na,A10,)  -i-  Al,(.'l,=sJ  ^1 

e,+r,  Naei. 

(664)  Chloripk  of  Alumtncm  (AI,C1,— 268) ;  Sj).  Gr.  /I 
Yap<mr,  9-34 :  Mol.  Vd.  QJ  '■>  o*"  (Al,a,=  134).— Theflp'-  ^ 
chloride  of  aluminum  cjumot  be  formed  directly  by  dissu^ 
nn'na  in  hydrochloric  acid,  and  evaporating  to  drjnese;  riim. ' 
ing  the  expulsion  of  the  water,  a  great  part  of  the  acid  i* 
driven  ofi".  It  may  be  procured  a.s  a  yellow,  auhvdrous,  vn" 
sublimate,  by  a  process  devised  by  Oei-sted  : — alununa,  mi.\edi 
charcoal  powder,  is  made  «]>  into  paste  with  starch  or  oil,  uiidsBH 
divide<l  into  pellets  :  these  pellets  are  chaiTed  in  a  covered  vvaii^ 
ble,  and  then  exposed  to  ignition  in  a  current  of  dry  diiurilH^| 
In  this  operation,  carlujn,  in  a  very  finely  divided  state,  is  mi; 
with  tht>  aUimina ;  when  the  mass  u  heated  with  chlorine,  tlri 
carbon  unites  with  the  oxygen  of  the  alumina,  and  the  chlor 
seizes  the  liberated  aluminum  ;  Al,0,  +  3  €r  -f-  3  CI,  =  Al,t'l,- 
3€rO.  The  chloride  of  aluminum  condenses  in  the  cool  partnfj 
the  tulje  in  a  crystalline,  somewhat  trausluc-ent  nia£(^  or  u& 
aiaoq>huus  powder. 

In  preparing  the  chloride  of  aluminum  in  the  lalK)ratorVj  i 
apparatus  similar  to  that  shown  in  tig.  338  may  be  used  :  '» i*  i 
vessel  containing  a  mixture  of  black  oxide  of  manganese!  and  IjjJ 
drochloric  acid,  for  geuerating  chlorine ;  «  is  a  water-jacket,  t'ttfi 
applying  a  moderate  heat;  <^  is  a  wash-bottle  containing  watyfji 
a  contains  sulphuric  lu-id :  «3  ie  a  bent  tnbe  filled  with  |>uinl<'e-j 
stone  soaked  with  oil  of  vitriol,  to  remove  the  last  traces  of  iiU'ii* 
nre  ;  <7  is  an  earthen  rett>rt  filled  with  the  mixture  of  chareoft 
and  alumina,  heated  by  a  charcoal  fire.     The  chlorine  iftcouvev 
nearly  to  the  bottom  of  this  retort  by  means  of  a  porcelain  tuli«^ 
./",  luted  into  the  tubulure :  the  gas  reacts  ui)on  the  mixture iu  il»l 
retort,  forwiiig  carbonic  oxide  and  chloriae  of  aluminum ;  *m 
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iloride  of  alnminam  condense*  in  the  gas-jar,  h,  which  is 
I  tor  its  reception  :  the  open  mouth  of  tliie  jar  m  closed  by 
lb  of  a  funnel,  luted  on  with  a  strip  of  pasted  pa|>or ;  and 
carliijuic  oxidu  Csctipea  through  the  open  tube,  i,  into  the 


Fio.  aaa. 
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/.  In  order  to  purify  the  crude  chloride  of  alnminnm 
l<oin  the  «inall  quantity  of  volatile  ferric  chloride  which  usually 
ecoinpanies  it,  the  compound  is  redistilled  from  iron  wire,  by 
rhich  the  ferric  chloride  is  converted  into  ferrtms  chloride  which 
I  inuch  le«8  volatile,  and  the  chloride  of  aluminum  publinies  near- 
jr  m  a  state  of  purity. 

Devil le  prepares  thia  chhiride  on  a  large  Boale  fn-vra  a  mixture 
^coal  tar  and  alumina,  which  ia  heated  in  a  elav  retort,  such  as 
I  used  in  gas  making ;  a  current  of  chlorine  is  sent  over  the 
litpd  niaaft,  and  the  pnxhict  of  the  operation  is  received  in  a 
ber  lined  with  glazed  brickwork.  (See  also  par.  fiHO.) 
"  chlori<le  of  aluminum  be  heated  in  considerable  mass,  it 
at  a  dull  red  lieat,  and  near  it«  fhsing-porn t  eublitnee  raj >idly ; 
yhen  exposed  to  the  air  it  emitB  fumes  ot  hydrochloric  acid  :  it 
'•  Ii(]ue3cent,  and  when  thrown  into  M-ater  hisses  from  the 
loped  by  the  violence  of  the  combination.  This  polution, 
MiWi  coiiceatrated  by  a  very  moderate  heat,  yield.-*  cry^tnls  M-ith 
ttiefurmula  AI,C1, .  12  H,0!  It  ie  soluble  in"  idfotiol."  By  sul)- 
limiiig  chloride  of  aluminum  in  a  current  of  sulphuretted  hydri.>- 
ftn  it  form*  a  combination  with  this  gas  :  this  compound  is  de- 
bimposed  by  resublimation,  or  by  eolation  in  water.  The  chlo- 
ride may  bo  he  made  to  combine  with  phosphuretted  hydrogen, 
Md  with  ammonisu 

(iii)^))  FixoKmK  OP  ALTTMmnM  occurs  native,  combined  with 
tnoride  of  sodium,  forming  cryolite  (3  XaP\AlF,).  It  may  lie 
Obtained  in  large  quantity  trom  Greenland,  and  ae  it  is  easily  de- 
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compoectl  by  sodium,  it  has  hefn  eiuployetl  a»  a  sour 
Hluiiiinum,  of  which  it  contains  13  pur  eeut.     A 
prized  Hhiniinoiis  mineral,  containing  tluorine.  i 
ii".  extremely  Lard;  the  colourless  variety  of  it  !■ 
luvs  soinetiraes  caused  it  to  be  ruistakeu  for  tlie  • 
romposition  may  bo  represented  by  tW  Cannula  [:;  ..: 
Al,^.,SiFJ. 

(6G6)  Sesqitisitlphate  of  ALtTtfixtrM  (Al,  3  SO..  IR  H,< 
343  +  324).  or  AI,0„3  SO, .  IS  HO  =  171-5  +  102— Thin  salt 
formed  by  disis^ilvijio;  alumina  in  euli)liuric  acid.     It  is  now  ntani 
fiV/tured  on  a  large  scale  in  the  north  of  England,  by  mi 
finely-powdered  clay  or  shale,  after  it  has  been  gently  roaste  " 
about  half  its  weight  of  crude  fiulphuric  acid  from  tbf  di;!! 
lieatiug  it  gradually  until  fumes  of  acid  begin  to  e^' 
gc«tiuu  is  continne<^l  for  3  or  4  davs,  after  which  the  ii.,^--  ir  hai. 
Hted.  and  the  solution  thu*  obtained  is  freed  from  imn  liy 
adilition  of  fom>c'vanido  of  sodinni  ki  long  ae  it  fx-i 
pi'ei-i])itate;  the  eW-ar  liquid  is  decanted  and  ovapoi 
residue  is  sold  under  the  inuiie  of  concvutr/iUd  tt/ian.     It  ci 
lize**  in  thin  llcxible  ecales  which  are  soluble  in  twi<'e  their' 
of  cold  water:  this  solution  may  be  use<l  as  a  test  for  potR^*niIl 
for  by  mixing  it  with  a  solution  containing  a  salt  of  flii»  U¥ 
and  evaporating,  oct^thedral  crystals  (»f  alum  are  dept>sit»^, 
phate  of  aluminum  ha«  a  strong  tendency  to  fonu  <ioublc 
with  nionnI)iisic  snlphiites,  of  which  those  with   the  sidphftt 
potassium  and  ammonium,  constituting potjush  and  nmntonin 
respectively,  are  the  iHt»t;t  important.     A  remarkable  nnhj 
sulphate  of  aluminum  wiiich  assumes  the  form  of  a  white  nif-ftl] 
powder,  insoluble  in  cold  water,  but  which  may  be  rend.-nd  «/ 
tile,  and  converted  into  the  ordinary  t^ulphatc,  uy  prolon 
ing,  is  obtained  by  boiling  either  er3'olite,  or  ordinary  uimu, 
from  three  to  ten  times  it«  weight  of  oil  of  vitriol,  and  di*! 
oft' about  three-fourths  of  the  sulphuric  acid;  the         '       1» 
of  potassium  or  of  sodiimi  may  be  removed  liy  wa-1 
anhydi'ous  sulphate  is  left  as  a  white  powder,  auji  o| 

corresponding  modilication  of  the  ferric  and  ehr<ji:  .^ib 

(Persoz). 

A  basic  sulphate  of  aluminum,  soluble  in  water,  and  of  "  ••'■ii"" 
colour,  may  be  obtained ;  tho  yeUow  is  not  duo  to  the  \>\  • 
ferric  sulphate  (Siewert). 

(t>67)  Altjm;  Sulphate  of  Alumm'wm.  amd  Potaj»i***»m  (KiAi 
SO,.  12  H,e=2:.8r)  +  216),  or  (K0,SO,.Al,O,»  '^  ^ 
Sp.  Gr.  (tnfnjdrom,  2-2'28  ;  crytiiaUUt^d,  1-726.— Thl- 
is  oecfisionally  found  native  in  volcanic  districts,  in  tile  for 
white  efflorescence,  produced  by  the  action  of  tho  bu1|''">' 
the  volcano  up«ui  the  alumina  and  i)otn»h  contained  i' 
trachytic  rockd.     For  the  puq»osort  of  commerce,  huv 
manufactured artitieially.    Three  pnncii)al  tnethods  n 

1. — In  the  first  the  alum  is  procured  by  th' 

Ehate  of  potassium  to  the  crude  suli^iate  of  ali 
■om  clay  by  the  proceut*  just  doi^crioed. 
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Still  simpler  method  is  practiaed  in  Italy,  where,  espe- 
in  the  iieightMiurliood  of  Civita  Vecchia,  the  aluwsione  is 
idnnt.  This  nick  cnntftins  the  elemeuts  of  alum,  with  an  ex- 
f  hydrare  of  alumina,  mixed  witli  a  variable  pri>|M>rtion  of 
us  matter.  The  ore  is.  first  roasted  at  a  gentle  lieat  in  kilns, 
ing  direct  contact  with  the  fuel:  water  is  thus  expelled,  and 
niasti  is  rendered  spongy ;  the  hydrate  of  alumina  is  decom- 
and  tl>e  formation  <>f  a  basic  sulphate  of  aluminum  and 
«im,  which  \&  insoluble  in  water,  is  tljereby  prevented :  the 
;ed  ore  is  then  arranged  in  long  heaps  or  rinees  ufion  a  firm 
y  t1iK)r,  where  it  is  lre«^uently  moistened  with  water:  in  the 
euurse  of  two  or  three  months  the  nuiss  crumbles  down  into  a  sort 
of  rnucl,  which  is  lixiviated :  and  the  solution  when  evaporated 
yioltU  crystals  of  uhnn,  whi<!h  after  a  second  crystallization  are 
til  I'ur  the  mai'ket.  Tiiis  variety  of  nlnm,  known  as  lioiiian  alum-. 
ercr'tallizes  in  opaque  cubes,  which  retain  basic  sulphate  ni 
linnm. 

1. — A  third  process  is  resorted  to  in  England  and  Germany  for 
piiq»ose  of  turning  alum  schist,  or  ahun  ore,  as  it  is  termed,  to 
jpKxi  aci'duut.  Tliia  mineral  is  abundant  at  Whitby,  in  Yorkshire, 
and  in  tiie  neighbourhood  of  Ghtsgow;  it  is  a  bituminous  shale, 
liiiini]  ainitngst  the  lower  l>eds  of  the  coal-measures,  and  it  con- 
tains u  liirge  quantity  <jf  very  finely  diviilcd  iron  pyrites,  disse- 
ttiaatt'd  thri»ugh  its  mass,  which  is  comixvscd  chietly  of  a  siliceous 
cl»T.  The  mineral  is  decomposed  either  by  exposure  to  the  air, 
B6  is  more  usually  practised,  by  a  slow  roasting,  conducted 
•n  the  ore  arranged  with  alternate  layers  of  fuel  in  long  lieaps 
rirttfcs,  which  are  covered  more  or  less  completely  with  spent 
iu  onler  to  regulate  the  heat  and  to  absorb  the  excess  of  sul- 
Imric  acid.  In  tliis  oi>eration  the  pyrites,  or  bii-iilphi^le  of  iron, 
converted  into  the  protosulphide  ol  iron,  losing  half  its  snljilnir, 
wliich  al»orb6  oxygen  and  is  converted  into  suliMiuric  anliydride ; 
thif!  at  the  moment  of  its  formation  nnites  with  the  alumina,  while 
tlie  protosolpliide  of  iron,  gradually  combininii;  with  ui<  ire  oxygen, 
is  Converted  into  ferrous  sulphate,  or  crreen  vitriol:  2  FcS,  +  3  0, 
=2  FeS4-  2  SO, ;  and  FeS  +  '2  0,=FebO..  Great  care  is  required 
to  prevent  the  temperature  from  rising  too  high,  a  circiuu^tauce 
ffhii'li  would  be  attended  with  decomposition  of  tlu-  sulphate  of 
aluminum  and  loss  of  sulplmric  acid.  B/the  time  that  the  roast- 
ing is  complete,  the  mass  has  become  greatly  reduced  iu  bulk,  and 
is  rendered  porous  and  freely  permeable  to  the  air;  in  this  con- 
dition the  heap  is  allowed  to  lie  exposed  to  the  ntinosphcre,  and 
is  moistened  fi'om  time  to  time:  it  is  thin  lixiviated,  the  Ii<pior  is 
digested  on  metallic  iron  to  reduce  any  fonic  salt  t<.i  \\\v  state  of 
ferrous  sulphate,  and  the  green  sulphate  of  iniTi  is  separated  from 
the  sulphate  of  aluminum  by  crystallization  of  the  liquor.  The 
niotlier-liquors  often  yield  sulphate  of  magnesium  when  conceu- 
tn»ti'd  further. 

In  the  Wliitby  alum  works,  in  which  the  cpiantity  of  the  sul- 
iJiafe  of  aluminum  much  exceeds  that  of  the  sulphate  of  iron  in 
solution,  the  concentration  is  completed  in.  leaden  pans ;  being 


Im  liir  Scr<e)i  alani  works  ftt  CnnpMe,  in  the  DeisfihooHMwHj 
flf  Gla^v.  almn  meal  »  not  Ibnaed;  bnt  the  hot  1ii{uor  fnoit 
Ike  er«|>ufdng  nn  k  nn  intoailooe  cooler,  in  which  the  D««a-| 
sttty  otf' di7  ddkride  of  potaKtmn  has  been  pliw^l    The] 
'i»  tkoraagUjr  acilatod  and  left  to  eool ;  on  the  sidwofj 
largp  crjAlab  of  alum  ar»  fiwawd  in  foor  or  fire  daj«. 
-^fifMir  H  AcB  drainod  od^  and  the  ttyttah  are   '^ — 
and  HMUjitaHtfgd  twieoL 

Where  wilplMte  of  aimiMMitnni  can  be  obtainod  fiofficiHiil^ 
c&feap.  it  V  6ab<tit«ted  fior  salpkato  of  poCaeeinm  in  the  mannfto  J 
tare  of  alnm,  as  the  double  aHk  vUeh  it  forms  witti  snlphatr  cJfl 
■ImhIhiiiii  cnrEtaUiaeB  with  almost  m  much  hMitj  as  the  potaf  nl 
nOB salt ;  iteoMlitatea  wlnt  is  known  as  ammcma  ahtm.    Is 
£agl|Mid  at  pnnrol  the  gveater  part  of  the  alam  whiVh  is  maik 
h  ammtti^iM  alonL.    lodwd,  for  the  purposes  to  wbidi  slum  k 
■ppUcd.  neither  the  ^piiate  of  potaesiom  nor  that  of  iunu>i>aiTin 
iiaoieptial :  the  object  propoeed  m  the  roaiiofactur«  of  alum  hati\ 
to  otiCain  a  ^t  of  alurainnin  whicb,  by  the  facility  with  whio 
h  erTsl&lliz*^  can  be  freed  from  iron  and  from  eartliy  iuipu  ''^^ 

JL  numt>«r  of  other  salts  may  he  procured  which  ha^ 
•ane  enrBtalline  form  as  potassinm  alnni,  and  are  similar 

etHHtitation :  thns,  sulphate  of  potassium  mav  be  displac 

wlfAit*  (^  fodiom,  and  a  eo4liujm  alum  may  be  fonnea,  bitt 
Mtxpoand  is  much  moro  soluble  than  potassium  alum:  in  1 
tnanner  the  place  o(  the  sulphate  of  alnminnin  may  be  supplied  br 
ftrrie,  dooinie,  or  manganic  sulphate,  forming  a  remarkafajeseritf' 
of  isomoqAoii  cooipoiUBds,  eome  of  which  are  enumerated  in  \ ' 
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PotaBsiuin  alum         KAl  2  SO, .  12  II,0 
Sodium  alum  NaAl  3  SO.  .  12  H,e 

Amnion ium  alum,  H.NrVl  2  SO, .  12  H,e 
Iron  alum  KFe  2  SO.  .  12  H.O 

Chrome  alum  Kfc^r  2  SO,  .  12  H.O 

Manganese  alum       KMu  2  SO^ .  12  H,0. 

Besult's  these  true  alum?,  a  number  of  double  salts  of  aluminura 
may  be  formed  with  the  sulphate?  isomonihous  with  that  of  mag- 
nedium;  they  crystallize  in  tine  silky  nee<llcs.  A  native  sulphate 
of  alimiinum  and  manganese  was  stated  by  Kane  antl  by  Ajijohn 
to  contain  25  atoms  of  water.  A  sunilar  salt  of  iron  has  been 
met  vfith  in  the  native  stAte.  These  fibrous  salts,  according  to 
How,  contain  only  22  II,0,  eo  that  the  formula  of  the  manganese 
8kU.  would  be  MnAl,  4  SO.  .  22  H,0. 

Onlinary  alum  lias  a  sweetish,  astringent  taete;  it  iB  soluble 
in  about  IS  j)art8  of  cold  water,  and  in  less  than  its  own  weight 
of  boiling  water.  The  solution  has  a  Btrongly  acid  reaction,  and 
dissolves  Iron  and  zinc  with  evolution  of  hydrogen.  ^Vlien  heated, 
tlii«  salt  first  melts  in  its  water  of  crystallization,  which  amounts 
to  45'53  per  cent,  of  its  weight;  as  it  loses  water  it  froths  up,  and 
forms  a  tough,  tenacious  j)aste,  which  is  ultimately  converted 
into  a  voluminous,  white,  infusible,  f)orous  mass  of  anhydrous  or 
b"  '   >".     If  crystallized  alum  be  submitted  to  a  regularly 

iii<  iieat,  a  certain  proportion  of  the  water  contained  in  it 

is  ivMiiily  driven  off:  thus  by  a  temperature  of  212°,  5  atoms  out 
of  tlie  12  are  expelled,  and  5  more  at  24;.s°,  If  the  salt  be  now 
lieate«l  to  392°,  it  is  rendered  anhydrous  and  insoluble  in  water 
(Gerhardt).     By  ignition,  alum  loses  a  great  part  of  its  acid. 

•  jVlum  is  largely  employed  in  dyeing :  when  used  in  this  pro- 
ces*  iti?  i>olution  is  gradually  mixed  with  carbonate  of  sodium,  so 
long  as  the  precipitate  is  redissolved  on  agitation,  wliich  hapi>en& 
till  twt»-thirds  of  the  acid  have  been  neutralized.  Tlie  solution 
employed,  therefore,  contains  a  mixture  of  3  salts,  viz.,  A1,0,S0, 
-hK,!50,+2  Xa,SO,.  Cloths  dipped  into  this  liquid  remove  the 
alumina  thus  redissolved,  and  contract  an  intimate  mechanical 
oouibiuation  with  it,  by  which  they  are  enabled,  as  already  men- 
tione<l.  to  retain  the  coloui-s  of  the  dye-stuffs  employed.  Upon 
evHjmration,  cubic  crystals  of  alum  are  deposited  from  this  sohi- 
tlou,  and  the  excess  of  alumina  separates.  A  hydrated  ba.sic  sul- 
phate of  alunutium  (A1,0„  SO, , !)  H,0),  containing  the  same  pro- 
j»urti<»n  of  sulphuric  anhydride  and  alumina  as  that  fonned  in  the 
murdantin<;  li(juid  just  described,  is  obtained  by  precipitating  the 
ttunnal  sulphate  of  aluminum  incompletely  by  caustic  ammonia: 
it  i«  a  white  insoluble  powder.  A  white  earthy-looking  mineral, 
termed  n/utninit-e,  said  to  have  the  same  composition  as  this  basic 
Mil;  '    '       -  found  near  Newhaven. 

'k.mjph.ates  of   AnTMrsTM. — Several  minerals   occur, 
in*  n  of  which  phosphate  of  aluminum  enters. 

TJ  !■  1-  a  hydrated  native  phosphate,  A1,F,0,, .  5 11,0. 

or  S!  A1,0„  rO^ .  9  Ai]j  coloured  by  copper  and  ii'on.     Gil>^it€ 
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which  "was  formerly  e<"»iisi(lerp<l  to  Ihj  a  livdrate  of  aJutniim, 
fbnnd  l»y  nermann  to  consirt  of  a  hydrated  i»hoej>}iate  uf 
UK'tiil,  mixed  with  variable  proportion!?  of  liyarafo  of  alviniii*- 
Phi»fphate  of  aluniiiiiuu  (AlPO,)  luav  \>e  prepared  artifieially  hj' 
tnixinij  a  solntion  of  iiliosjdiate  of  NKlium  with  one  of  alnni;*"^* 
preoijiitate  mu6t  be  well  washed.      If  this  j)reeij>itat('  l»p  n 
eolvcd  in  an  acid,  and  ainn»oni;i  lie  added,  the  pn  ■  n 

occasioned    has,    according   tr»    Ilaiuniebbcrj^,    tfie 
(4  A^^l.O^  3  P.O.  .  16  H,0);     Wni^^Jiite  is  a  mineral  whichV 
Wzee,  in  radiatinj;  tnfta  of  needlei!.:  acoonling  to  Bprr*'^'- 
combination  of  fluoridoof  aluminum  with  the  la*t-mfi 
phosphate  wf  aliiminmn,  3  (4  Al,0,,  3  P,0,  .  IS  Ji,i>',  nrr, 
Tli«!  mineral  amhlygonit^  is  a  combination  of  fluoride  smi  Iwi* 
phosphate  of  aluminmii  with  jdioaphate  of  lithium.      / 
2  (3  [eaMjrFeje,P,ej,l4  Al^O,.  3  P,e,).«  U.^.  '^^  »  ^'1' 
nl  c?ompo!se<I  of  another  double  phosphate  which  cant. 
Mme  ph<*ithate  of  aluminum,  coloured  by  basic  phoBjii...^ 
Iron  (Rammelsbera^). 

Phos]>hate  of  aluminum,  in  its  hydrated  form,  is  readiK  ^  '■ "' 
in  hydrochloric  acid.     It*  solution  mav  1)e  precipitated  In 
of  pota*^h,  but  the  precipitate  is  redissolvcd  by  an  ■ 
alknli.     In  the  operationi>  of  analysis  it  i«  ot\en  nece- 
r  -horic  acid  from  alumina:  this  is  most  readilv 

b  '1':^  lUethiKl,  in  which  the  solution  in  nitric  or  acflic  lui'l, 

perfectly  treed  Iwth  from  hydnichloric  and  sulphuric  acid,  is  iiiixtA 
with  an  acid  s«dution  of  nitrate  of  bismuth  (44H).      Plii»s|>liori» 
•acid  is  thu^  precipitated  as  the  phosphate  of  Ijismuth  (Bi"'P0J». 
and  the  whole  of  the  aluminiim  remains  in  solution. 

(f>tH>)  SiucArEs  oy  ALmixt-M. — The  comimunds  of  «lioii»iti»- 
aluminum  are  numerous  and  inipoitant.     All  the  varietic*  of  cluv^ 
consist  of  hydraled  silicate  of  aluminum  more  or  lese  mixffi  »'i» 
other  nnitters  derived  tr<tm  the  rocks  which,  by  their  disijitegrt — 
tion.  have  formed  the  clay.     Clay  ia,  in  fact,  the  result  of  tli( 
combined  action  of  air  and  water  upon  felspathic  and  siliwm 
rocks,  juid  therefore  necessarily  varies  considcra!»ly  in  tMiniiMtfition-. 
Tilt"  fundamental  constituent  of  the  more  important  varieties  <* 
clay,  acninliuff  t«.)  the  researches  of  Broniniiart,  Malatru'i.  8"'*' 

^ others,  is  reprtvsenteil  by  tlie  formula  (A1,0„  2  Sif>,  ,  -2  11,0).  >'»" 
(Al,<\.  2  SiO, .  2  HOV  This  apj>ear»  t»>  be  the  comjx'sitittn  of  tlie 
nrv^elwy  of  the  Staffordshire  coal-njcasnres.  The  ordinary  varietio* 
of  clay,  however,  contain  fnigments  i>f  undecomposed  j^wk,  a  cei^ 
tiiin  proportion  of  p^itash,  and  variable  amounts  of  silica  in  tli8 
hydrate<.tci>ndition,  mixed  with  oxide  of  iron,  lime,  and  mafineBi*". 
tlic  character  of  the  clay  is  uiateriidly  nu>dilied  according  ae  one 
or  other  of  these  ingredients  predominatefi. 
l*\ire  elay,  l>efore  it  ha^  Iteen  ignited,  forms,  when  kneadod. » 
tenacious,  plastic  piiste,  which  is  insoluble  in  water,  but  iiiftj 
rrwdily  Ih>  ditfiisetl  through  it  in  particles  which  are  in  an  extroiiw 
t'tatc  of  6ubdirigion  ;  the  deposit,  when  freed  from  the  cxcese  o' 
w»ter,  A^  It  subeides,  resumes  its  plastic  character.  This  p«st®> 
when  alowly  driod,  aaA  exjo^ed  \o  Sk  \us^\x<^  tumyerature,  nliriuk* 
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terrmach,  and  splits  into  masses  which  are  extremely  luu'd,  but 
they  do  not  undergo  fusion  in  the  t'lUTiSce.  Pure  liydrated  sili- 
cate of  aluminum  is  very  glowly  acted  upon  by  hydrodiloric  or 
by  nitric  acid;  but  it  is  decouif»osed  when  heated  with  concen- 
trated sulphuric  acid  ;  and  upon  tldi*  fact  one  of  the  pr<x'es,-*ea  for 
iiniMiing  alum  (H(j7)  is  fuundcd.  A  gentle  roaeting  of  the  flay, 
-  to  the  addition  of  the  acid,  frequently  favours  it«  difcin- 
icstiaii.jn;  but  ignition  at  a  high  tenijierature  renders  it  proof 
ainst  the  action  of  aciik,  except  the  li}'tllruriuoric.  Strong  solu- 
bn  of  caustic  jxitsish  dissolves  unburnt  clay  very  slowly  ;  but  if 
hvdi'ated  alkali  in  excess  be  fused  with  clay,  the  resulting 
I  is  easily  soluble  in  water. 
i  The  intennLxturc  of  lime,  magnesia,  or  oxido  of  iron,  in  any 
Tsiderable  quantity,  with  the  clay,  greatly  increases  ite  fusibility, 
iiinishes  it.s  ])la8ticity,  and  causes  it  to  be  more  readily  attacked 
\j  mds:  whilfit  an  excess  of  silica  renders  it  less  fusil)le. 

Clay  eniita  tlie  peculiar  odour  known  h«  argillaceous  when 
breathed  upon  or  slightly  raoieitened :  its  presence  in  any  soil  may 
te  roughly  but  readily  distinguished  by  the  ab8<5rbent  quality 
which  it  exhibits  when  applied  in  a  dry  state  to  the  tongue  or 
the  lips;  it  adheres  to  them  strongly,  and  absorbs  the  saliva  from 
iheir  surface.     This  absorbent  property  of  clay  causes  it  to  retain 
unmnnia  in  the  soil  to  an  extent  which  is  of  great  iinp<jrtance  to 
grom"ug  plant*i,  and,  as  Way  has  shown,  it  arrests  the  ainuioniacal 
portion*  of  the  manure  applied  to  the  surface,  and  thus  not  only 
minirtters  to  the  growth  of  the  crop,  but  exerts  a  very  important 
ptirifving  influence  ujMin  water  impregnated  with   organic  and 
Htor  substances,  which  find  their  way  slowly  throuirlj  the  soil. 
Hdeed,  mere  agitation  of  such  water  with  finely  divided  clay  is 
Hpcient  to  remove  a  considerable  amount  of  the  organic  and 
HKne  matter  previously  in  solution.     It  wi«  foun<l  that  both  sul- 
phite and  chloride  of  anunonium  were  partially  decomposed  by 
(>lirae  of  the  clay,  the  anunoiiia  being  retained,  whilst  a  eorre- 
Ming  amount  of  sulphate  or  of  chloride  of  calcium  Mas  formed 
the  g(^>lution.     A  similar  decoinptosing  action  was  also  exerted 
hyday  upon  nitrate  of  potassium. 

Viiriiti<^  of  flay. — The  most  important  varieties  of  clay  ai*e 
the  following : — 

1. — The  celebrated  kaafiti,  or  porcelain  clay  of  China,  is  a  very 
pttre  white  clav,  which  is  furnislied  by  the  deconi]Josition  of  a 
j?ranitic  rock,  tlie  coustitueiits  of  which  are  quartz,  felsjiar,  and 
mica,  the  felspar  having  gnulually  mouldered  into  this  substance. 
k  very  similar  deaeription  of  clay  is  obtained  nviir  St.  Austel,  in 
Cornwall,  and  at  St.  xrieix,  near  Limoges,  in  France.  It  is  in 
hese  cases  chiefly  prwluced  by  the  disintegration  of  a  rock  kno\VTi 
o  geologists  i\A  pegiiuititf'^  which  is,  in  fact,  a  species  of  granite  in 
rhich  mica  is  almost  wanting,  and  quartz  present  in  but  small 
[nantity.     The  Comhh  >it4me  used  by  the  pjrcelaiu-makei"><  ia  the 

E?k  in  a  less  advanceil  stage  of  disintegration.     The  plas- 
kiudiu  is  much  less  than  that  of  the  clay  derived  ti-om 
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2. — Pipeclay  is  a  white  variety  of  clav,  which  is  i  ■  *  ^rp*" 
from  iron.     That  of  the  We  of  I'urhock,  in  Don'Otrihii'  it 

occurs  nearly  at  the  base  of  the  elay  deposits,  le  jufferrfd :  it  is 
used  in  the  manufacture  of  tobacco-jtiiies  without  any  addition ; 
before  the  oxj'hydrogeii  bloM'pipe  it  melts  to  a  transparent,  nearljT 
coh»urIe88  glass. 

3. — The  hhie  cloy  of  Devonshire  and  Dori>€tshire  ta  highir 
prize<h  as  it  is  eminently  plastic.  The  organic  matter  to  wTiien 
It  owtis  its  colour  is  destroyed  when  heated,  and  it  yiehls  a  white 
pnste  when  fired.  It  is  employed  as  one  of  the  material*  in  the 
manufacture  of  j)orcelain.  The  upper  beds  of  this  clay  friMjucntlj 
contain  a  lai-ge  proportion  of  sand  mixed  with  the  plaKtie  mate- 
rial, and  are  well  suited  for  making  salt-glazed  stoneware  without 
further  admixture. 

4. — When  the  proportion  of  carbonate  of  calcinra  in  a  clay  is 
considerable,  it  constitutes  what  is  known  as  a  marl  ^  if  tlie  ida- 
miuous  constituent  preponderate,  it  forms  an  ahmunous  marl;  if 
the  carbonate  of  calcium  be  in  excess,  it  is  a  calcareous  marl.  The 
alnminous  marls  are  extensively  used  in  the  manufacturo  uf  th« 
coareer  and  more  porous  kinds  of  potterv. 

5. — TjHim  is  a  still  more  mixed  suhetnnce,  belonging  to  the 
more  recent  all^^nal  formations ;  it  is  the  common  material  of 
which  bricks  are  made ;  its  red  or  brown  colour  is  derived  from 
the  largcproportion  of  peroxide  of  iron  which  it  contain«. 

6. —  YeUmr  cx'hre  and  red  bole  arc  clays  which  derive  their 
colour  from  oxide  of  iron,  which  is  present  in  them  in  lafge 
quantity. 

HaUoy^it^  is  a  white  hydrated  silicate  of  aluminum  which 
greatly  resembles  kaolin  in  appearance,  but  it  is  destitute  of  anj 
plastic  character,  and  is  therefore  unfitted  for  tlie  mannf;icturc  of 

{)orcelain.  Fuikr^a  mHh  is  a  porous  silicate  of  ahnninum  which 
las  a  strong  adhesion  to  oily  matters:  if  made  int<i  n  paste  with 
water,  and  allowed  to  dry  upon  a  spot  of  gi-easo  upon  a  board  or 
a  cloth,  it  removes  most  of  the  oil  by  capillary  action.  Am^ingsl 
other  localities  in  England,  it  is  found  abundantly  near  Keigute) 
in  Surrey. 

The  table  on  the  opposite  page  exliibit*  the  composition  of 
some  of  the  more  important  varieties  of  clay  used  in  the  arts. 
The  first  two  are  results  obtained  by  Ebclmen  and  Salvetat;  tlio 
othera  are  from  analyses  executed   in  Iiii'har<lstnrs   ^  '  'v, 

and  are  quoted  in  the  second  volume  of  the  Englihh  ;  <iu 

of  Knapp  s  Technnhuj'wnl  Chcmhtrij. 

Besides  these  amorphous  silicates  of  aluminum,  thore  are manjr 
•which  occur  in  a  cr^-stalline  form.  Dtnthcn^,  or  cyanite^  \»  a  bluo- 
colonred  soft  mineral  of  this  kind  (Al,0„SiO,). 

(070)  Other  alumt'nous  Minerah. — The  seoh't^  are  hydrat«d 
double  silicates  in  which  the  ]>rinci])al  bases  are  alumiir.  '  "  in.^ 
They  boil  up  when  heated  Ujion  charcoal  before  the  I'l"  ud 

are  dissolved  by  acids,  leaving  the  ?\lioa  in  a  gelnti-  [« 

these  niuicrals  the  lime  is  liable  to  dii=i>lacement  m  u. 

I'h'tv  by  protoxide  of  iron,  by  magnesia,  or  b}*  llio  nlkbiino  ba^ea, 
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Waihed  Waxlla 

Otoar- 

iiriilire 

ftp* -elm  jr 

Pipe- 

cUy. 

Blae 

cUjr. 

Brirtc 

cUy. 

Cblnae. 

St.Vrlcbt  lornlnh. 

feSoi 

50-6 

48-37 

46-32 

64-10 

5366 

66-68 

4638 

49-44 

Alumioa 

33-7 

34-95 

39-74 

23-15 

3200 

26-08 

3804 

34-26 

Oxide  or  iron . . . 

1-S 

1-26 

0-27 

1-85 

1  35 

1-26 

1-04 

7-7i 

lh», 

•  •  > 

. .. 

0.36 

•   •. 

0-40 

0-84 

120 

1-48 

JbgMsU 

0-8 

truce 

0-44 

0-95 

trace 

trace 

trace 

5-14 

foUsb  aud  soda 

1-9 

2-40 

I  12-67 

WHer 

xi-a 

12-62 

1000 

12-08 

6-14 

13-57 

1-94 

9»'9 

99-6() 

99'80 

100-05 

9949 

100-00 

100-^ 

100.00 

ley  are  often  very  beautifully  cryt^tallized.     Anah'inn;  (Nii,0, 

iO, .  A1,0„  '6  Si^,  .  2  U,0)  is  one  of  thesie  minerals ;  it  crys- 

\UiSi  iu  cubes.     StWrite  cnstallizes  in  radiated  needles,  and 

the  composition  of  hydrate<l  labnvdorite  (OaO,  3  SiO, .  A1,0„ 

0, .  6  1I,0).     Prehniie  crystallines  in  six-sided  jirisnis ;  it  may 

reuresented  by  the  fonnula,  2  (eaO.SiO.)  .  Al,e„SiO, .  H,0. 

The  varieties  oifeUpar  (M,0,  3  SiO,  .  A1,B„  3  SiO,),  are  llke- 

seiloable  silicates  of  aluminum  with  pota-^sium,  fiudinm,  lithium, 

calcium.     Potsish-felspar,  the  luliihiria  or  orthoclnHe  of  mine- 

ilogists,  and  the  petunt.2e  of  the  Ciiinese  potters,  is  suffieiently  hard 

scratch  glass  ;  it  ijj  used  as  a  ijlaze  iu  the  manufacture  of  the 

lest  kinds  of  porcelain.     Felspar  rcipiiivs  the  must  intense  heat 

the  porcelain  furnace  for  its  lusiou,  when  it  foriiis  a  white  milky 

88.    Soda-felspar,  from  its  usual  wliite  colour,  has  received  the 

Bame  of  a/iife.     The  felspar  containing  lithia  constitutes  j';<i/tT///A 

Coiumou,  or  pota^ih-felspar,  crystallizes  in  ublicjue  rlKunbie  prisms. 

■Lal/radorlt^i  is  a  double  silicate  of  aluminum,  analogous  to  felspar, 

lint  it  contains  calcium  instead  of  the  alkaline  metals  :  it  cry&- 

tallizes  in  doubly  obliijue  prisms  beloni^iui^  to  the  si.xtb  system. 

These  minerals,  by  disintegration,  yield  the  porcelain  clay,  or 
kaolin, 

Felspar  not  only  forms  the  regularly  crystallizod  minerals  just 
Ijnentioned,  but  it  occurs  mingled  with  (juartz  and  other  crystal- 
.tod  minerals;  it  is  indeed  one  of  the  most  abundant  constituents 
ifliiny  of  the  older  rocks.  Gninlit-,  for  exami)le,  is  a  i-ock  con- 
*'fig  of  intermixed  crystals  of  rpiartz,  felspar,  and  mlf-a.  When 
contains  hornblende  instead  of  niica,  the  term  Myi-itiU'  is  given 
It.  Gneiss  contains  the  same  components  as  granite,  but  it 
a  more  stratified  appearance,  as  the  mica  occurs  inore  in 
'©rg.  Porphyry  consists  chiefly  of  compact  felspar,  with  crystals 
felspar  disseminated  througli  it ;  it  is  often  red  or  green,  and 
■^  a  fine  polish.  Basalt  is  a  dark-coloured  vulcanic  rock,  con- 
•ing  of  compact  felspar  containing  crystals  of  augite.  Wien 
.  *  place  of  the  felspathic  constituent  is  supplied  by  hiltradorite 
}'**■  liine-felspar),  the  bat.alt  is  called  dolerite.  Tr<ij>,ortjrt'<:Hsf//ii^, 
j^  a  very  toui;;h,  compact,  igneous  rock,  of  a  dark-greenish  or 
'/^'Ownish-black  colour;  it  is  composed  of  an  intimate  mixture  of 
^*enar  and  hornblende.  If  it  contain  soda-felspar  (albite),  the 
^^K.  is  known  under  the  name  of  diorite.  Trachyte  is  a  volcanio 
'i  a.)3o  consisting  vhiedy  of  felspar,  less  compacl  l\idiv  e,\\,\ift,T 
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porphyry  or  basalt.  Tlie  {wrouB  pumice  8f<m4  of  rulcantc  dletricta 
IS  proKiilily  altere<l  felspar;  it  contains  a  uiuoh  j^maller  nrij{>*»rtiot> 
of  alkali  timn  the  crvstallizetl  iniiifral.  Mflt«l  pniuiee  consti- 
tatc6  olmdian,  or  vulcanic  glass. 

<^ri?r»^,  wliich  coiiunonly  cnr6tftllir.e«  in  rlionibic  do<lornht^ni, 
ar^  idftcra^e,  which  crvBtallize.*  in  MjUiire  prisma,  are  I  Me 

eilicntcs  of  calcium  ami  aluniinmii.  in  wjiich  part  of     .  l-  i$ 

di^placod  bv  other  protoxides,  and  tl»e  aluniinn  by  se^qnioxide  of 
iron  [3  (ea'MgFeMn)"e,  2  SiO, .  (AlFe)"',e,,  SiO,].  Injnfropf, 
■which  is  a  epecice  of  garnet  found  in  Boht-niia,  the  »>louriug 
matter  is  partly  sesrpjioxide  of  ehroiniuni.  These  mineralfi  haTC 
a  hardness  greater  than  that  of  quartz. 

The  iliflerent  forms  of  imra  arc  also  <louh'  •■*  of  aliimi- 

nnni,  which  contain  in  addition  a  small  <j\i  xrnt-'r  and 

BOrue  alkaline  fluoride.     Uninxal  \xni:»,  vmw^Xf'  i  iW 

of  magnesium  and  silicate  of  ahitiiinnm,  1  [2  (il^i..  ,  ...;>,] . 
^lFe).e„  2  Sie,.  In  Uaxal  mica  (KFcjO,  3  SiO,  .  8  [(AIFC), 
0,.SiO,],  on  the  other  liand,  !»ilicate  of  potnssiuni  prodomiitattss 
Limnhilite.  is  a  variety  of  biaxal  mica  in  which  silicate  of  lithinin 
taKe«  the  place  of  tiilicato  of  pota<^*«ium. 

Ani-ther  impxirtant  double  silicate  <jf  aluminum  and  mftCT»R*itinj 
constitutes  chlorite  [4  (MgFe)e,Sie.  .  (AlFe),0.,NiO.  .  3  II.Oj, 
which  fK^cnrs  both  massive  and  in  crystals  with  a  granular  frac-' 
ture  ;  it  is  of  a  green  colour.     In  the  mas**ive  form  of  chlorite  AvXt  | 
it  occur*!  as  one  of  the  primitive  rocks  which  is  widely  distrihntod. ' 
Tliere  are  manv  varieties  of  slate.     liiuijintj  s/aft  is  an  argillaceooB 
rock  which  splits  readily'  into  thin  hiriiime.     3ffca  ulutr,  fts  H* 
name  iirijilies,  contains  particles  of  mica,  to  which  it  owes  it&  glis- 
tening appearance,      ITornhlende  t>lute  contains   honibleude  in 
place  of  mica,  and  has  little  lustre. 

(671)  Porcelain  and  Pottery-  Ware. — In  the  preparation  of 
earthenware  the  material  employed  is  re<piired  to  p<ii-.—  ■>  <^}«ct- 
ticity  eqmd  to  that  of  red-hot  ^lass,  and  yet  to  be  cap:i  nv  ' 

rendered  by  heat  sufficiently  firm  and  hard  to  resist  the  int<uani-] 
cal  violence  necessarily  inflicted  on  it  by  daily  use. 

The  basis  of  earthenware,  porcelain,  and  china,  is  nilicate  of 
Hluininum  :  it  possesses  the  plasticity  required,  and  when  ht^attfd 
assunies  a  great  degree  of  hardness.  Pure  silicate  of  aluminum, 
however,  contracts*  greatly  and  unequally  on  drying :  tlie  ntensiU 
made  from  it  woultf  consequently  he  liable  to  ctrck  (hiring  thtdr  I 
desiccation;  in  order,  therefore,' to  diuiinish  the  amount  of  thi« 
contraction,  an  addition  of  some  indiflercnt  powder,  such  as  srround  I 
flint,  is  ma<le  ;  wliile  to  com])ensate  for  the  loss  <if  ti 
oec!isione«l,  an<l  which  is  purtieularly  experientH»»l  in  tl 
fine  clays  em])loyed  for  porcelain,  some  hisible  in:  • 
which,  at  the  temperatnre  reipiired  for  tiring,  unii' 
tion,  and  greatly  as^is^ts  in  binding  the  mass  together 
to  the  greater  or  let-s  ]»r«.|>ortion  of  tliese  fusible  m 
ware  is  more  or  less  semi-transparent,  and  more  or  : 
like  glass,  to  fly  on  the  appiicivtion  of  sudden  ehangc« 
tiuv. 
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[The  articles  which  have  passcl  once  tlirniitjh  the  kiln,  and  have 
acqnircd  firmness,  aiv  rnngh  ninl  niieven,  and  the  et)ai"sei 
of  ware  are  very  poroiw.     It  h  \uim\,  after  the  iirst  firinc 
ier  to  give  smoothness  and  nnifonnity  to  the  surface,  jvs  wet) . 
to  render  the  IxkIv  of  the  ware  iinperineahle  to  nmisture,  tn 
er  it  with  a  kind  of  flnx  or  ^rlaze,  which  melts  at  a  lower  tr-m- 
Bture  than  the  material  coinprtfinnr  the  ware  itself;  and  in  nrdei 
jmelt  the  glaze  the  articles  arc  a  secontl  tiuiepjissed  through  the 

The  materials  employed  in  the  fahrieiition  of  porcelain  and 
rthunware  ai'e,  clays  of  various  degrees  r>f  purity  an<l  finenesR. 
ouiid  felspar,  calcined  flints  or  sand,  l)iirnt  hones,  chalk,  and 
ftionnte  of  sodium  or  of  potajs^iiim  ;  they  do  not,  therefore,  differ 
'greatly  from  those  whieli  are  employed  in  iijhtss-niiikinj;  except 
itlip  great  preponderance  of  silicntc  of  aluminum.  The  varieties 
'  pottcn-  or  earthenware  arc  numerous:  the  following  inclndo 
06*  which  are  of  most  iui]iortunce  : — 

\.— Porcdain,  or  China.— T}\\>i  is  the  finest  and  most  valnable 
cription  of  ware :  it  is  distinguiJ^hed  from  ordlTuirv  earthenware 
'the  composition  of  the  paste  from  wliich  it  is  formed.  The 
iterials  are  selected  with  great  care,  in  order  tliat  they  may  give 
^colimrless  mass  after  firing.  Porcelaitj  consists  mainly  of  two 
esof  materials,  one  of  which,  the  clay,  is  plastic,  and  is  infn- 
Me  at  the  temperature  employe*!  to  fire  it  ;  the  other  (chieflv 
wlicate  of  ealciuiu  and  potassinuO  softcjrs  and  hecomes  vitriiicd. 
forming  a  kind  of  cement  which  hinds  the  clay  finnly  togetlier, 
Wd  thus  produces  a  translucent  raa«s,  wliich  when  lirokcn  a]»]icara 
tohei>f  a  unifonu  texture  throughout,  and  is  impervions  t<>  liquids. 
«li«h  judgment  is  required  in  lite  due  proportioning  of  the  fusihle 
*"(t  infuhiide  materials. 

The  celeltrated  Sevres  porcelain  resendjles  the  original  Chinese 
"^re.  of  winch  in<leed  it  is  an  imitation.  Kcgnault  states  the 
•^'Uiponition  of  the  paste  used  at  Sevres  for  ornamental  purpose,* 
t^'U'  the  following : — Waslied  kaolin,  r»2  jiarts  ;  Bougival  chalk,  4  ; 
Aatnont  sand,  17;  qnartzose  felspar.  17.  These  ingredients  are 
cirefnlly  levigated  and  then  thorruigldy  incorporated.  As,  how- 
^^W.  the  cfuupositiem  of  the  kaolin  varies,  tlie  pro]n>rtion  of  the 
"tlicr  materials  is  neeesj?ari!y  varied  likewise,  so  as  to  obtain  a 
pi^roclain  of  imitorm  compositii)n. 

In  order  to  give  a  snuioth  surface  to  the  ware,  a  glaze  similar 
I"  Potnposition  to  the  fusible  material  is  used.  The  glaze  etnjiloyed 
*t  Sevres  consists  of  a  mixture  of  fcls]>ar  and  quartz.  It  is  trauft- 
P^ent,  and  rather  more  fusible  than  the  body  of  the  ware,  Vint 
Wjiines  thoroughly  incorporated  with  it,  and  from  its  similarity 
W  composition  it  ejq^ands  and  contracts  by  heat  unitunnly  with 
the  paste  which  it  covers  ;  hence  it  is  not  lialile  to  crack  anc]  split 
'"  all  directions  in  the  manner  w!ii(di  is  so  commonly  ol)scrveil  in 
the  ffliixe  of  the  more  ordinary  kinds  of  eartlu^iiware. 

The  china  of  Berlin  and  Meissen  is  very  similar  in  composition 
♦"  llmt  of  Sevres :  these  constitute  what  is  termed  hard,  or  true 

l"l'cj«;n. 
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English  poreelain  contain?,  in  addition  to  tlieOomidj  clwaad 
felspar  or  flint,  a  lar^e  proportion  oflxirnt  Ixvnes  ;  the  glaze,  wiiich 
h  transpai'ent,  ufeuallj  cnntaitiB  lx»th  Uii^ax  and  oxide  of  lead  U, 
increiu^e  it*  fWibility.  Engliah  pOPceliiin  U  6<jtter  than  the  Cltinese^ 
French,  or  German  porfehiin,  and  cuiistitiiteB  onevarittrnfwluit 
the  French  term  porcdaine  tendrt',  the  manufacture  of  which  is 
France  ie  now  rarely  prat^tised- 

2. — Simieicar^  i*  a  species  of  porcelain  in  which  the  Wly  of 
the  ware  is  ujore  or  leas  coloured,  less  care  being  takeu  witlijft 
jjard  to  the  purity  of  the  material.  It  generally  contain.^  mm 
oxide  of  iron,  and  consequently  is  si>mewliut  more  fusible  tlisintlii 
best  porcelain,  and  ia  usually  ealt-glnzed  in  a  manner  Rhortlvtui* 
desenbed.      WfdtficotHf-ware  is  a  tine  description  of  st<)nev.*are, 

S.—J'7ue  Eitr(heniiHire, — -Artielei^  of  this  description  nre  toj 
extensively  tnanutkctured  in  tlie  Htittt'ordsliire  Potterieji,  and  wu- 
stitnte  the  ordinaiT  table-service  of  this  countrv.  The  Devonihin 
and  Dorsetshire  clays  are  those  chiefly  made  Uiss  of;  tliev  m 
nii^ed  with  a  lar|j;e  proportion  of  firuund  tiiuts,  and  yield  an  info- 
sible  paste  which  bui'ns  nearly  white.  The  body  of  the  ware  ii 
not  fused  in  the  firing,  but  it  is  rendered  impeiTious  to  Uqiiidalf 
means  of  a  fusible  lead  glaze. 

^,—Cvminoii  Earih^nwmv  is  made  of  an  inferior  and  man- 
iheible  description  of  day  :  both  this  kind  of  ware  and  thetbrtg<>> 
ing  one  crack  easily  on  the  gudden  application  of  heat. 

5, — The  coarsest  description  of  clay  goods  are  brieki*,  tiia^ 
flowerpots,  and  Biiuilar  articles. 

6. — Articles  which  are  required  to  stand  a  high  temperatnre, 
such  as  tire-bricks  for  lining  furnaces,  miiffles,  pots  for  the  fusion 
of  glass,  crucibles  for  melting  steel,  and  the  Hessian  crucibles  so 
largely  in  demand  in  the  laboratory,  are  made  of  a  pure,  infusible 
siliceous  clay,  the  shrinking  of  which  during  drying  is  diminished 
by  the  addition  either  of  burnt  clay  of  the  same  description,  or  oi^ 
what  amounts  to  the  same  thing,  broken  pots  of  the  same  material, 
which  are  reduced  to  a  fine  powder  and  incorporated  with  the 
paste.  Good  fire-ware  is  nearly  white  :  if  coloured,  the  presence 
of  oxide  of  iron  would  be  indicated,  and  this  would  render  it 
fusible. 

The  table  on  the  opposite  page  gives  the  composition  of 
some  of  the  more  important  varieties  ot  china  and  pottery  ware. 

(672)  Mamifacture  of  Porcelain. — For  the  finer  Icinds  oi 
porcelain  much  care  is  taken  to  ensure  the  purity  and  minn*^ 
subdivision  of  the  constituents,  as  well  as  their  intimate  admixtur< 
The  clay  is  first  ground  between  horizontal  stones  under  wateJ" 
it  is  next  levigated  in  water,  to  allow  the  coarser  particles  to  sul 
side  while  the  lighter  ones  remain  in  suspension.  The  finer  sii 
pende4  particles  are  then  formed  into  a  mixture  of  the  consistent 
of  thin  cream,  a  wme  pint  of  this  being  made  to  weigh  24  or  '2 
oimces  :  in  this  state  the  cream  or  pnlp  is  mixed  with  the  gn>un 
felspar,  flint,  or  other  material.  Suppose,  for  example,  that  th 
pulp  is  to  be  mixed  with  ground  flints ;  the  flints  are  heated  t 
redness,  suddenly  qaenched  \n.  <io\^^».\fex»«5A  \k«B.  toduced  b 
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UQping  and  firinding  them  under  water  to  an  iiM])alpa])le  pow- 
r;  tliis  also  is  suspended  in  water,  a  wine  pint  of  the  mixture 
ling  mmle  to  weigh  32  ounces.  The  two  ingredients  are  easily 
xeu  in  the  uecesttary  propnrtionti  liv  tiiking  a  given  nieasiu-o  of 
pulp  and  thoroughly  incof}Njratiiig  them.  Tin;  mixture  thus 
ftaiuwl  is  technically  termed  ^lij).  The  slip  is  well  agitated  and 
liiwed  to  suhside ;  the  deposit  is  drained  (can't'iilly  mixing  it 
frf'iu  time  to  timej,  and  ih-ieil,  until  it  Juc-i  awpiin-d  suHieient  con- 
sistence to  allow  of  its  heing  wrouglit  hy  the  potter.  Much  labour 
i» utterwarils  bestowed  in  working  this  ehiy  in  such  a  manner  as 
torfcuder  it  of  uniform  composition  throughout,  and  to  prcsserveit 
iree  from  air-ltul)l.des.  The  mixture  is  found  to  be  greatly  im- 
I'l'Mi]  in  (piality  by  being  allowe<l  to  remain  for  some  months 
'-  !(.■  it  is  worked  u[),  tlie  mass  being  oe<;asiona]ly  turned  itver  and 
'■  i''!i.  During  this  process  of  ripening  the  mass  undergoes  a  slow 
'■  i^-'f,  in  tlie  coui-se  of  which  traces  of  orgnnic  matter  which  it 
''^' ;  t:iLs  grailually  become  i»xidized,  reducing  tiie  sulphates  tosul- 
I'lii'lii,  in  cunsefpieuce  of  which  it  evolves  a  sligiit  odour  of  sul- 
plitirette<l  hydr<»gen,  and  the  colour  of  the  piiste  becomes  somewhat 
<lai"ker  from  the  formation  of  traces  of  sulidiide  of  iron.  It  is  of 
pt'at  importance  in  the  tiuer  specimens  of  ware  to  avoid  tlie  pre- 
seuce  of  organic  matter  :  a  single  hair  migiit  spoil  a  delicate  work 
f'f  art  by  tlie  disengagement  of  gjui,,  a!id  the  formation  of  bubbles 
"'  the  interior  of  the  nuiss  when  heated. 

Less  lalK)iu- is  expended  upon  thecoarser  kinds  of  pottery.  After 
"leraw  clay,  bronglit  from  Jlevonsliire  orI>orsetsliireiii  blocks  of 
*oont  30  pounds  weight,  has  been  dried,  it  is  griium!  and  mixed, 
'^^tli  a  certain  proportion  of  ground  tliiits;  it  is  tlien  tempered  with 
*ater  into  a  stitt"  paste,  and  pa-^sed  between  rollers  to  complete  the 
pioceas  of  fitting  it  for  the  wlieel. 

The  mecluuiical  o].>eratiinin  areof  the  same  nature  in  every  case ; 
*^d,  for  fashioning  tl>e  day,  the yx'Z^*-*/*  W/t'<'Z  is  in  general  use. 
j*-^»i6  consists  of  a  circular  slab,  which  can  be  made  to  revolve  in  a 
horizontal  plane,  either  by  a  treddle  or  liy  a  winch  turned  by  a  boy 
^•■girl.  A  mass  of  clay  of  the  sire  reepiired  is  dashed  upon  the 
Moistened  sJah,  and  is  worked  hy  the  haudSj  the  wheel  revolTLn^ 
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drnig  tke  wliole  tune,  so  that  the  operation  h  a  compAOBd  tf 
■MaUntii^  and  tnrtiing  ;  the  artiele  is  hnally  trimiuetl  up  witli  4 
wooden  tcwl,  atid  the  work  to  detached  from  the  -wheel  by  p 
•  vire  ):«tweeQ  the  slab  nod  the  Tesse!.     The  moolded  articles 
thai  allaved  to  drr  for  a  day  or  two  in  a  ruom  heated  frtim  SMf 
106^  F„  in  orJer  to  give  thexa  finnnew  sufficient  to  permrt  tl 
when  ii*«es**n-,  to  1^  carefully  turned  cm  a  lathe.    After  tbk 
ration  tia$  Iteen  et<tii|.ileted,  the  handles  and  omninent^  m&T  be 
taehed:  thta*  are  msiie  in  monlde.  and  adhere  reatilly  W  means 
Elip  when  preKed  a^ibi't  the  moulded  mass,  which  is  .>till  nioii^t. 
iVc  articks  have  at  thiista^  received  the  tbrm  whieh  th^T  ar»  in- 
tended t<»  n?rain.  and  are  next  &ijlijeete<jl  to  heit  in  the  / 
Bate.     It  is  nec«st«Ty  tliat  the  tejajierature  be  at  tir?i  ...    .... 

dBaOy  and  i-mrcfulty  raised,  lest  the  aqneotis  Tapour,  heiit;;  tsxn- 
eated  t«>»>  sudiiriilv,  ^LouM  <k'fafe  the  vessel  or  injure  its  te\r  yr,' 
By  this  firet  firing  the  diifffeiit  articles  atiinire  a  greater  (Jc;:r'  ■  ■ 
fimmesiv  and  vnn  V handle*!  without  daiijrer  uf  hrpHkiige.  \mt  tKrt 
■re  in  a  ^  f^  j>«»T>»ii?  *tAte.  te^-hnfurally  tenne^l  hisfxit.     Tlit*  wsff 
in  dieft^e  re*Jilr  altcoii*?  any  &t»hitiini  that  niity  l-ie  i>1h(;-(h!  njxw 
its  s«rf*ce,  and  thk  is  the  j^»erit»d  i'ht>^en  fur  printiiiir  tlie  ]«a»ffTM 
or  des%ns  whirli  the  fiiiisli<ed  gi.)o«k  are  tn  e-thiliit.     The  otloiirii 
natter  aeoerally  coosbts  tif  »tine  nieiftHic  nxide  gr()inHl  up  M-ith 
of  tnrj»irnt!ne  *w  with  lnwleil  lin$«^  tiiL     Blue  isnsoallyjjTven 
oxide  i:^  eotMlt ;  |treen  hv  nxIde  of  chrciniMm ;  Imiwn  hy  a  iiiixt 
of  oxides  of  irtw  and  uianpineiee ;  hlack,  by  the  black  oside 
nraninm ;  and  a  (Hiik.  whwMi  is  mtu-h  esteemed,  by  a  eombinatfiin 
of ''xitJf  of  tin.  Uni*,  and  a  niintite  ijuatitlty  ijf  oxide  of  chnitiaiiin. 
In   -nior  t«»  aj»j«ly  the  colonrinu;  niatenal.  it  is  printed  from  copper 
jHstt-^  .  •!  a  thin  nn^izetl  (*a|ier  made  for  the  purpcee  ;  this  paper, 
wr.-'e  :lie  ittJ-vur  t*  still  tnoist,  is  a|)p1ied  to  the  surface  of  the  bi«- 
et:i: ;  rlu'  ikViiTiv  i?  **»»i".  al*<>r1txlby  the  ware,  and  the  pawrift  1 
wH^l'.tx? .  tf.     Ti'.e  ware  i*  now  subjected  to  another  baking  or  liriiig, 
l'»r  :I:o  t^un^^^e  of  tixin^r  the  cidour  and  buniincj  oft"  the  oil.    For 
i>\\'r:*tt:-ir  the  tiner  kinds  of  jx>rcelain  the  metjulic  colour  is  mixed 
w::!'.  a  tV.i-iWe  ^!:ize  c^mt;unin^  quartz,  boraeic  acid,  and  oxide  of 
lesvi.  and  nio!tt\i.     The  ct^loured  gla?s  thus  obtained  is  then  re- 
dtKvrl  by  U>v5ir»tion  to  a  line  pt^wer,  and  ground  up  with  eotne 
Tv^Istile  oil.  in  wiiicli  tV^rm  it  is  laid  on  in  the  desired  pattern  bt 
nios:i>  of  a  i.iiir  j^euoil.     After  the  glazing  has  been  completed,  it 
is  tirevl  at  a  m.  nlorate  heat  in  a  muffle.     In  the  finer  kinds  of  decora- 
tVR.  t!ie  apj>Ii(.*;»tion  of  the  colouring  matter  requires  the  nicest 
in»nai^'nie!U.     Fv»r  details  njx>n  this  point  (and  indeed  upon  most 
\^her^  eonnivtiHl  with  the  art  of  Pottery),  the  reader  is  referred  to 
lirv^njr«^iart's  «rreat  work  ^wr  Ie«  Art«  Ceramiques.     After  the  ap 
plk-sr.v^n  of  the  tvlouriuff  material,  the  ware  still  remains  far  too 
jvrvHJ*  tor  u#t\  and  it  ftirtlier  undergoes  the  process  of  glazing. 

The  srlaxe  for  fine  ix»reelain  is  prepared  by  levigating  quartz  and 
<<^lsx>ar  with  water,  so  as  to  form  a  mixture  of  the  consistence  of 
cream  :  to  this  a  little  vinegar  is  added,  to  favour  the  suspension 
of  the  fin^^y  divided  particles.  Each  article  is  then  dipped  8ej>a' 
wt^'h'  inK>  the  ntlxture,  TV*e;YC(toTis.TDa»  q^^8\^  %S:»«sc^\.V!ft5s;iQift 
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T'-nving  a  thin  unifoiin  film  of  glaze  upon  tlio  flurface.     The 
iiijs  prepareil  are  then  enclosed  in  vessels  made  <it' tire-clay, 
I  Mef/rjur^,  and  are  expt«od  to  the  most  intense  lieat  attainable 
j>«^ri:-elaiu  furnace. 

iig  ordinary  earthenware  a  similar  process  is  adopted, 

i|>eratiire  of  tiring  is  below  that  re<inired  in  tliel>isenit 

Thef^Iaze  usually  cons^ist^  of  a  fu^^ibte  material  c-ontain- 

:  insiderable  quantity  of  oxide  of  lead  :  a  mixture  of  felspar, 

flint  glass,  ana  wliite  lead,  is?  in  common  use. 

he  glazing  of  stoneware  depend-?  upon  a  jx'culiar  mode  of 

lccoiii|>iisiiion  of  common  salt.    Chloride  of  .sodium  is  not  deeom- 

:««d  iiy  heat  alone,  and  if  lioiited  with  dry  silica  no  decomp4»9i- 

iK'curs;   but  in  the  pret^ence  of  silica  and  some  substance 

hie  of  imparting  oxygen  U>  tlie  si»di>im,  and  at  the  same  time 

twraoring  the  chlorine  with  which  it  is  unite<l, — such,  for  in- 

as  steam,  or  oxide  of  iron — the  salt  is  suscejitiUJe  of  dctn^un- 

<m  at  an  elevated  temixrrature ;  silicate  of  sodium  and  hydro- 

iric  acid,  or  eilicate  of  sixlinm  and  |XArchloride  of  iron,  us  the 

1  ty  he,  I>eing  formed.     The  variims  utensils,  having  l»een 

into  sand  and  water,  are  placed  in  tlie   kiln,  and  are 

Jually  raise<l  to  an  intense  heat.     A  certain  ipiiintity  of  moist 

k  then  thrown  in:  the  chloride  of  siMlium  is  qnickly  eon- 

vin,.<l  into  vapour,  and  tlie  salt  is  clecomposed  hy  the  silica,  and 

111-  M\i,]e  of  iron  in  file  clay,  aided  by  the  ateaiii  [M-oduoed  in  the 

lion  of  the  fuel  in  the  furnace.     The  perchlnride  of  iivin 

1 ;.ih-ochloric  acid  pas8  oti'  in  vapour  with  the  exces-s  of  enlt 

ein|»lured,  whilst  the  silicate  of  soditiin  fuses  upoii  the  ware,  and 
-  it  impervious  to  liquids.  The  reactions  may  be  thus  re- 
ed:— 

II.e  +  2  NaCl  +  SiO,  =  3  nCl  +  Xa.e,Sie, ;  and 
Fe.O.  -I-  6  XaCl  +  3  SiO,  =  Fe.Cl.  +  3  (Na,e,Sie,). 

It  is  worthj'  of  remark,  that  although  clay  contracts  very 
efeniy  by  heat  when  its  density  is  uniform  throughout,  yet  if  its 
•lerifiity  be  unequal  in  different  parts,  the  contraction  is  also  un- 
wjuiil;  heac«  though  a  vess^^l  nuiy  issue  smiMith  and  well  finished 
B^Mn  the  worlcman's  hands,  it  often  assumes  a  striated  and  uneven 
^^■{learuuce  during  the  process  of  firing;  and  if  a  etutnp  l>e  iin- 
^^■be»ed  upon  clay  while  soft,  and  the  whnk-  siu-faee  bo  shaved 
Bny  until  no  further  impression  is  visible,  the  mark  of  the  stamp, 
•fter  hakinir,  reappears  in  a  manner  more  or  less  distiTict. 

{*'>~'i)    tJUranwrin^. — Ahiinina  eaters  into  the  formation   of 

the  pigment  ultramarine,  so  highly  prized  for  the  purity  and 

'lelicacy  of  its  blue  coluur,  and  for  its  )>erinanence  when  exposed 

to  light  and  air,  though  inixvd  with  oils,  and  subjected  to  the 

action  of  lime  or  of  alkalies.     This  valiiablo  colouring  matoriftl 

was  formerly  obtained  exclusively  fVoni  the  liqiis  lazuli  by  a  tedious 

process,  which  consisted  in  gently  calcining  the  stone,  broken  into 

fraginerjf*  of  the  size  of  hazel-nuts;  the  heated  fnij^menfs  were 

then  quenched  in  vinegar,  by  which  they  wore  rendered  uiore  fri- 

•ble,  and  were  deprived  of  adlwring  carbonate  of  ciklcium;  thej 
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were  next  pultjected  to  a  patient  lenjration  witti  a  ^* " 
honey  and  Urai^onVblood ;  were  tlietj  nuide  into  n  vi 

resinotts  cenient;  and  ai\er  allowiujr  this  to  remaia  uiidt)>U 
for  some  diiys,  the  ultramarine  was  extruded  Irum  it  by  stiu-j* 
in  hot  water   and  subsidence.      Ultramarine  is  now,  l>owev< 
manufactured  artificially  upoifa  large  scale;  and,  aniuiijr*t( 
appIieatiou&,  it  is  extenhively  used  in  paper-eininiii^.     ITif 
lowing  proeet»s  answers  well  u}>on  the  i»niall  ijcale: — U'O  pa 
finely  washed  kaolin,  lUO  of  carbonate  of  sodium,  ♦!(.•  nf  sa_ 
and  12  of  ehareoal,  are  intimately  mixed,  and  exp<>s<'d  in  a  eove 
crucible  to  a  bright  red  heat  fur  three  lutui'^  and  a  half.     The 
sidue,  which  sliould  not  be  in  a  fused  condition,  is  of  a  green 
lour.     It  must  he  well  wiushed,  dried,  and  mixed  with  a  tifUnJ^ 
its  weight  nf  sulphur,  and  exposed  in  a  thin  layer  to  a  gentle  he« 
little  above  that  require<l  to  bum  oft"  the  sulphur.     "NVhen  iJie  m 
phur  hati  all  been  bnriied  ott",  a  iVetsh  ijuaiitity  of  sulphur  tnUAt' 
added,  and  tlie  roat^ting  repeated ;  and  this  roasting,  with 
a<ldition6  of  sul])hur,  must  be  repeated  two  or  three  limi-s  iinti 
tlie  nijiss  acquire*  a  bright  blue  colour.     Other  proportioua  of  i 
ingredients  may  be  uced,  the  temperature  varying  with  the 
position:  the  heat  should  l)e  aa  high  as  the  mass  will  bear,  pr 
vided  it  is  not  tWed.     The  green  modification  of  ultramarine  i 
also  manufiu'tnred  for  the  market :  by  oxidation  the  green  may ' 
converted  into  the  blue  form.     Blue  ultraiiuirine*  vary  in  tin 
some  being  jture  blue,  titherBgi'eenifih  bliu\  aikd  others  violet 
with  a  roseate  refiex.     The  violet  ultramarines  are  well  a«l 
for  use  in  paper-staining,  as  they  withsiund  the  action  of  thcj 
used  in  slze6,  which  the  two  other  tints  do  not. 

Considerable  diKibt  still  exists  as  to  the  true  nature  of 
colouring  matter  of  ultramarine,  which  has  been  nwide  the  sul^e 
of  study  by  many  ehemists.     According  to  the  experinienj 
WilkeiiH, — who  has  made  careful  aiiulyses  of  a  variety  of 
of  the  artificial  product.  lx»th  from  his  own  manufa<*t«)ry  anc 
other  (sources — ultramarine  is  composed  of  two  ptirtion*,  ut_ 
which  is  con.stant  in  composition  ;  iin<l  which  he  regards  as 
essential  colouring  body ;  it  in  attacked  with  facility  by  hj 
chloric  acid,  evolving  «ulj)hm-ettetl  hydrogen :  the  other 
U  not  soluble  in  tlie  acid,  and  contains  a  variable  amount  ofi 
clay,  oxide  of  iron,  and  sulphuric  acid,     llis  analyse?,  of  th«| 
blue  pigment  correspond  nearly  with  the  formula  (2  A1,0^  1 
.  AI,0.,  4  Sie,  .  ^^^l5,II,e, .  3]SXS),  which  wouhl  C4.n« 
100  parts :— 

Bf  CBlcBlsUao.  By  ezpa1nu3>L 

no,  =  37-ft  40-36  89-39  40  10 

A1*0.  =  31-4  2«-63  1(6-40  sr>-8& 

S  =  14-1  13-42  13'69  LI-ST 

Ka,0  =  W-0  19-89  31'63  8069 

and  he  ro4rard(i  tho  blue  colouring  principle  n«  a  cniiifHiuitii 


culuur,  but  liiiia  i*  aliii  m  m.-tiui  ol  duubi.    Acconiuig  tw  i»r 
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TTc-ponding  compound,  in  which  snlphide  of  potassium  is  Bub- 
i'lr  (iiiliihide  uf  sodium,  is  colourless. 
...ucarine,  if  heated  in  the  air,  ffraduallj  assumes  a  dull 
hue  ;  when  heated  with  isnlphur,  it  is  not  changed  ;  if  melted 
borax,   sulphur   and  suliiluirous  anhydride  esctipe,  and  a 
"ess   glass   remains.      Sulphuric,    nitric,    aTul   hydmchUunc 
decompose  it,  and  the  colour  is  quickly  de:*traved.    Clilorine 
Btill  more  rapidly,  dissolving  everything  but  the  silica,  and 
pletely  discharging  the  colour. 

'171 1  'Chaeacters  of  the  Compounds  of  Ai-rMttniM. — The 
salts  of  aluminum,  with  the  exception  of  the  chloride 
v^^ii.iu-liais.     They  have  a  Bweetish,  strongly  astringent  taste 
acid  reaction  upon  litmm. 

f'irf-  ihf  hlowjyipe  the  compounds  of  aluminum  are  distin- 

\-AiV'\  by  the  formation  of  a  pale  azure  blue  if  moistened  with 

Irate  of  cobalt  and  gently  ii^iited. 

In  -vlution  they  give  with  ni/draMifh)h/tte  of  amm/ynium  a  white 

ite  of  hydrate  of  alumina,  witli  evolution  of  suljihuretted 

.11.     Ammonia  produces  a  bulky,  semi-transparent,  geliv- 

precipitAte  of  hydrate  of  ahuiiina;  it  is  nearly  insoluble  in 

of  aminonia  or  of  its  carlx^nate.     Ili/drafe  of  potnsh  dis- 

it  readily  ;  and  it  is  reprecipitated  on  adding  solution  of 

ide  of  ammonium  in  excess.     The  mrbonntcJi  of  the  alkaline 

produce  the  same  precipitate  under  disengagement  of  car- 

ic  anhvdride,  but,  according  to  Muspratt,  it  retains  a  portion 

cajbonic  acid.     SiiJphak  of  poianif invi  and  sulpliurir  acid  in 

.t  excess  added  to  solutions  of  the  salts  of  aluminum,  and 

ted,  furnish  well-marked  octohedral  crystals  of  ulum. 

uatuni  of  Alitmina. — The  quantity  of  alniitina  in  the 

on;r-.:  i>f  an  analysis  is  always  estimated  from  the  precijiitato  by 

aiimionia,  or  its  carlionate  or  hydrositlpbate  ;  wlicn  thoroughly 

Tajliisl  Ian  operation  which,  from  its  gelatinous  nature,  is  tedious), 

Kid  then  ignited,  it  consists  of  the  pure  earth  ordy. 

iftlh}  bLfiparation  of  Ahnninu  from  the  Alkalies  and  Alkaline 
E/irtim. — Supposing  a  salt  of  magnesium  to  be  present  in  the 
liinid,  a  solution  of  chloride  of  ammonium  is  first  added  to  it, 
""'  f  be  powerfully  acid;  on  the  a<ldition  of  caustic  aiiunonia 
excess,  pure  hydrate  of  alnmina  is  precipitated.  Ilydro- 
liatc  of  ammonium  is  a  still  better  precipitant,  if  the  liquid 
Wn  first  nearly  neutralized  by  annmniia;  the  precipitate  13 
mely  voluiiiirmns,  and  requires  jiersevering  wnsliing.  On 
ipiition  it  yields  pure  alumina.  The  alkaliefe  and  alkaline  earths 
remain  in  the  solution  which  has  been  tiltered  from  the  alnmina, 
ind  tlicir  amount  may  be  determined  by  methods  hereafter  to  be 
detailed  (094  ei  seq.). 

S  n.  Glpcinttm:  G"=9-5.  Sp.  Gr.  2-1.  Atomic  Yd.  solid^  4-44. 

(67fi)  GLrcmtTM,  the  beryllium  of  Gennan  writers,  is  extracted 
fruiii  the  emerald  or  the  beryl,  which  consist  chiefly  of  silicate 
of  aluminum  and  glncinum  [3  (00,610,)  .  Al,e„  3  SiO  1    The 
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njcUJ   is  procurevl  fnnu    ll^  cliloride  in  tlie  baJm:   « ;i s 
iniiniin. 

GliK'iimm,  according  to  the  experiments  of  IM 
Clttmie^  III.  xliv.  3),  lb  ii  white,  inalleablc  iiiotal.  In- 
melting-point  of  silver.     It  does  not  bum  in  air.  • 
vapour  of  sulphur,  but  it  c^biues  reft<lily  with 
iodine,  and  also  with  silicon.     The  vapour  of  water  is  not 
posed  by  it,  even  when  tJie  metal  is  iicuted  t^»  full  redn« 
exposed  to  it.     Glueunuu  is  easily  dissolved  by  diluted  hydr 
chloric  and  Bulphuric  aei<lfl  ;  nitric  acid,  whether  diluted  orj 
centrated,  acts  but   feebly  upon   it.     It  is,  howevrer.   rHndil 
eolved  by  a  solution  of  potaah,  with  evolution  > 
not  acted  upon  by  ammonia.     GluL-inuni  fi)ni 
there  is  S(.»uie  doubt  whether  this  Bhouhl  be  rt'trardcHl  nm  a  pPilj 
oxide  or  as  u  8e:»(pHoxtde.     Benteliua  adopted  the  latter 
but  later   resMiaix-hes   favour  the  euppoaitioa    that  it  is  a 
oxide. 

((i7T)  Glccina  (G0=3.5'5:  Op.  Gr.  2-967)  is  extracted 
the  Iteryl,  of  which  it  c-oustitutoH  1.3-rt  )>er  cent.:   the  i" 
rediit'od  ton  very  fine  powder.  Aisid  with  <'iirluitiiifi?  of  p< 
treated  with  hydmchloric  iicid,  evnp<iinte<l  tn  dr\  \% 

eued  with  acid  and   treated  with  water;   in   tli! 
except  the  silica  is  dissolvo<l :  the  filtered  liquid  is  niixetl  with 
excess  of  a  solution  of  ammonia,  wliich  occatitms  a  volar 
precipitate  ci>utainin>:!;  both  alumina  ami  glucina;  this  prwij 
16  well  washed,  and  the  gbu-ina  is  dii?sohe<l  out  fron 
b}-  digesting  the  ni;u*s  in  a  scdution  of  carlxinato  i'  iis 

It  is  jiguin  tillered,  and  upon  luuling  tlie  dear  li«piid,  crui 
of  glucinuni  U  deposited  ae*  a  white  powder,  which,  wlien  ig 
leaves  pure  glucimt.      Freshly  precipitated  glucina  formn: 
water  a  sumewhat  tenacious  mass,  but  it  does  nut  1i?iril,-n1 
aluuiina  when  ignited.     Ebelnien  obtained  it  in  cr; 
rating  at  a  high  temi)erature,  as  upon  aluiuinu  (T-j ,  n  rr 
minute  six-sided  prismatic  crystids  of  the  same  furm  as  iln; 
oxide  of  zinc.     Tue  fixed  alkalies  and  their  i;    " 
glacina  readily;  but  the  dilute  dilution  in  can?'' 
glucina  when  boiled,     Uydratij  of  glucina  yiel*l.H  u  Imlky,  wl 
gelatinous  mass,  which  absorlw  carbonic  acid  from  tin  :ilr    "WHin 
Leafed  with  solutions  of  the  salts  of  ammonium  it 
monia,  and  is  gradually  dissolved.     The  cldorlde  (iii  »,  -   .- 

tu'eparcd  in  the  same  way  as  the  chloride  of  aluminum  :  it 
imes  in  white,  brilliant,  fusible  needles,  which  are   v- 
quescent ;    a  hydnited  chloride  may  be  obtained   iti 
Glucinuin  yields  several  sulijhates  :  one  of  thi^c  (<  >  -  l\ 

crystallizes   in   octoheiira ;    the  tither  suljihatei*    m 
eul»-salts.     It  does  not  form  an  alum  with  sulphate  of  ]>otna 
but  yields  a  double  salt,  in  which  the  finniortion  of  acidvi 
vidcu  e<jually  between  the  two  bases  (K,G  2  SO«).  An  ahi<fi 
of  ylwinum  colonrcd  with  peroxide  of  iron  oecurs  luitli 

*  Pobrnr  Undv  it  •iWsDlaBVOu*  tn  )iu\>atitut«  tat  the  cmrboTi«ti>  of  pou 
qoiddiiDtt,  La  proportion  of  hall  the  wrvii^tiC  of  Uie  bcryi  noployvd. 
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bm  I  hrysijlieryl  (€^0,A1,G,).     Carbonate  of  glucinum  tbmia 
doiilitf  wilts  with  the  ciirUnnate  of  potassium  arul  itf  aiinriouiuin. 

(fi7s)  CiiAkACTiiKS  OK  TUK  Salts  OF  Glccinim. — Tho  salts  of 
glacinum  iinve  ii  iswoct  tiw«to  (whence  the  name  phieimim  was  de- 
rivtHl,  from  yXj^xuf,  sweet),  with  a  slij^ht  a.stringeJic.y,  and  have  aa 
Acid  reaction  upon  litniui*.  They  are  colourless,  and  art;  distin- 
gaibhod  from  those  of  ahiminura  by  not  jneldin":  an  alum  with 
sulphate  of  pota.*sium ;  uor  a  blue  when  heated  iiofore  the  blow- 
pipe with  nitrate  of  cobalt:  and  by  giving  with  arrho/m/t' oj" am" 
tnonium  a  white  precipitate  of  carUmate  of  glneinuni,  easily 
soluble  in  exoss  of  the  alkaline  salt.  2'\'i'i'i>f'yanid<;  of  jHittnitnium 
gives  no  precipitate  in  their  solutions:  a  white  precipitate  of  hy- 
drate of  gbicina  i*  pr<>du<*e<l  by  xid^hifh  fjf'  jMttuMisiHui,  with  ex- 
trication of  sulphuretted  hydroijen.  If  a  hot  solution  of  jiuf/rtiia 
qfpotn^ium  in  excess  be  addeil  to  a  hot  solution  of  a  glueinura 
salt,  scales  of  a  sparingly  soluble  double  fluoride  of  gluemum  and 
pota&<i)Uin  ore  formed. 

Gluciuuiu  is  always  estimated  in  the  form  of  the  anhydroua 
earth. 

§  III.  ZiRcoNniM :  Zr"=89-5. 

(fi79)  ZiKcojmiM  is  the  elementary  baao  of  an  earth  contained 
ill  tlie  zircon  and  the  hi/a-cinth,  whicp  are  silicates  of  zireoiiiuni. 
Tlie  metal  is  procured  by  heating  the  fluoride  of  potassium  and 
zirconium  with  potaasiuni,  and  treating  the  residue  when  cold  with 
diluted  liy'lrocluoric  acid,  by  which  evervthlng  excc[)t  the  z;irct>- 
nium  ift  dissolved  :  it  is  tluits  left  in  a  pulverulent  form,  and  must 
bu  washed,  6rst  with  a  solution  of  cliloride  of  aninntiiiuui,  and 
tlieiJ  with  alcohol ;  if  water  be  used  for  the  washing,  tiie,  tiiiely 
divided  zirconium  passes  through  the  Alter  in  su»i>ension  in  the 
wiiter.  As  thus  obtained  it  is  in  the  furiii  of  a  black  powder,  which 
does  not  conduct  a  feeble  voltaic  current:  under  the  burnirilier  it 
.  les  a  slightly  raetalliclustre.  Zirconium  has  not  been  fused: 
ilen  heated  in  the  air  or  in  oxygen,  it  takes  Are  beliuv  reilriess 
^d  bums  brilliantly,  forming  zirconia  of  snowy  whiteness t  diluted 
ralphuric  and  hydrochloric  acids  do  not  act  on  it.  Hydrofluoric 
icid  dissolves  it  with  extrication  of  hydrogen,  f<irming  a  fluorido 
dueely  reftembling  fluotitanic  acid:  it  yields  a  number  of  fluozir- 
ouuate«  with  the  fluorides  of  the  basylous  metals,  which  have  the 
general  formula  2MF,ZrF,.  Boiling  water  gradually  oxidizes 
zirconium;  if  heated  with  sulphur  in  v/wuo  it  form-;  a  brown  pul- 
vurulent  Muljdud^,  which  is  not  decomposed  by  sulphuric  or  liydro- 
chWi''  iieid,  rtnd  is  hut  slowly  attacked  by  ai[ua  ngiu.  Zircittiiuni 
is  in  properties  between  silicon  and  titanium,  to 

Wi  Kly  it  is  mure  allied  than  to  any  other  element,  aa 

\$  particularly  seen  in  the  properties  of  the  fluoride  of  zlrcouitun, 
Riid  i.f  the  ttuozirconates. 

'<»)  ZiKcoM.v  (Zi'<:>,=12r5);  Sp.  Gr.-i'^. — Zirconium  forma 
»'  ^ride,  which  Berzclius  regarded  as  the  sesquio-xide,  though 

111  Msts  now  adopt  the  view  of  Dumas  and  of  De  Marignac, 

Who  cuusider  it  tu  be  a  binoxide,  like  silica.     It  may  be  obtuuied 
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hv  fusing  vt'ry  finely  powdered  zircon  witli  hydrate  of  pitt 
oi'  fwvla,  Hnd  suturatiug  witli  hydrochloric  aci<L     The  ex« 
acid  and  moisture  i»  ex]>elled  bv  evaporutinj;  nearly  to  dr 
on  the  addition  of  •water,  the  eliloride  of  zirconium  is  «li9 
lejjving  the  siliea;  the  Bolution  is  dccol)ipo^ed  bye\ 
nia:  hydrate  uf  zirconia  is  tlnis  precipitated  and  i-  1 

uruiteif.  Upon  applying  heat,  it  glows  brilliantly  just  tielonsi 
tion,  and  becomeR  much  denser.  Zirconia  fitmis  a  white  inir 
powder,  which,  after  ignition,  is  insoluble  in  acids,  with 
ception  of  strong  sulphuric  acid.  The  hydrate  is  a  gelati... 
bulky,  white  precipitate,  very  sparitigly  soluble  in  carbonatol 
ammonium.  It  is  insoluble  in  the  caustic  alkalies.  Ifil 
zironniuni  be  precipitated  by  an  alkaline  carbonate,  the  j 
I>ecoine«  itdissolved  if  ati;itated  with  exct«s  of  the  ear 
bicarbonate  takes  up  still  niore,  and  by  boiling  the  soltit; 
tion  of  the  earth  is  depoRitetl.  If  a  neutral  solution  of  8Ti 
of  Eirconium  to  which  sulphate  of  jMitassinm  has  been  add 
boiled,  a  eharacteristic  decom])08ition  occurs,  and  abasiesnlf 
of  zirconium  falls,  whilst  acid  sulphate  of  potassium  is  fomiwi 
remains  dissolved.  The  chlorUle  of  sirconium  |}6r('I_=r  Sf-il*SJ 
MoJ.  Yi)l.  I  I  I;  !<p.  Or.  of  vapour,  8-15)  crystalli 
it  is  soluble  in  water  and  in  alcohol :  the  crystals  ei: 
air.  and  lose  water  and  hydrochloric  acid,  leaving  an  oxycfali'nif', 
which  is  soluble. 

Zirconia  is  distinguished  from  alumina  and  glucina  by  it>  in- 
eolubility  in  the  caugtic  alkalifs.  Its  salts  have  a  purely  astrin- 
gent taste  ;  when  their  neutral  solutions  are  boiled  with  tie  W- 
phate  of  potnju^t'ym,  a  sparingly  soluble  subsiiljthate  of  the  e.irffi 
is  tormcd.  Tincture  of  ffolh  gives  a  yellow  preeijiitate  in  t!i>ir 
ef)lutions  ;  ferrocyaiiuie  of  potassium  (foes  not  prouuce  a  prvripi- 
tate  with  them. 


§  lY.  TuoEDTUM,  YTTKniM,  Erboju,  Terbhth. 

(681)  Thorlvtm  (Th=110-0)  was  discovered  in  1829,  br  Tr 
zelins,  in  a  rare  black  mineral  termed  thorite,  found  in  a  «v. ! 
rock  in  Norway.     This  metal,  like  aluminum,  is  procnn 
chloride,  which  Is  a  volatile  compound  obtained  by  li' 
intimate  mixture  of  thorina  and  tinely  divided  cliarcoal  in  « i 
rent  of  dry  chlorine.     Thorinum  nuich  resembles  aluminum, 
takes  fire  considerably  below  redness,  and  bums  with  great  1>1 
liaucy  ;  the  resulting  oxide  shows  no  traces  of  fusion.     Thonna\ 
considered  to  be  a  protoxide,  and  is  remarkable  for  its  hii;h  »p 
cific  gravity  (9-402).     It  is  insoluble  in  solutions  of  tl 
alkalies,  but  is  dissolved  without  difficulty  in  those  of 
bonates.     After  it  has  been  ignited  it  is  no  longer  soluble  in  iiii| 
acid  except  the  concentrated  sulphuric.     Its  salts  have  an 
gent  taste,  and  their  solutiona  give  a  white  pretnpitate  with  fer 
cyanide  oi"  potassium.     Sulphate  of  tlv  '         fonns  with  sTdu* 
of  potjissium  a  double  sulphate  of  [><■  d  thorinum. 

is  soluble  in  water,  but  is  precipit-  rated  so'iitk 
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or  potasftium.     Tlie  snlphute  of  thorinum  exhibits  the 

tcn'stic  peculiiirity  of  Iteiiii;  preeijjiliited  by  Ixtiling  its  solu- 

n,  but  it  is  reilissidved  slowly  <ni  co<»liii«.      Its  ciystnls,  like 

jose  of  »nJ|)hatc  of  j'ttriiiiii,  when  heated,  become  milk-white 

riUiuUt  (ilttjring  in  furin.     Oxabc  aeid  tjives  with  salts  of  tbori- 

inm,  even  in  acid  solutions,  a  wiiite  insoluble  oxalate  of  the  metal. 

(682)  Yttkkik  is  obtained  l)y  a  method  fiiinihu-  to  that  ein- 

iXoyed  for  uhiminum  and  jjlueinniii.     This  metal  is  not  oxidized 

rlien  heatA'd  to  redness  either  in  air  or  in  aqueous  vapour ;  in 

sn  it  burns  with  sujierb  ^untillations  ;  solutions  of  the  alka- 

Fand  tlie  dilute  a<;idfl  dissolve  it  slowly. 

Ytti'iJi   is  a  very  rare  earth,  found  in   gadnlinit^,  a  mineral 

rliic'h  ocjuii-a  at  Ytterby,  in  Sweden,  and  which  is  a  silioate  of 

ium,  glueinum,  cerium,  and  iron  :  it  occurs  also  in  yttrofan- 

lite  c<.imbined  with  tantalum,  and  in  one  or  two  other  very  rare 

iuerals.     It  is  considered  to  be  a  protoxide,  and  fomis  a  white 

ly  powder  of  sp.  gr.  4*842  ;  it  is  insoluble  in  the  caustic  alka- 

_    but  the  carbonates  of  the  alkaliiie  metals  dissolve  it ;  carbo- 

kte  of  ammonium  dissolves  it  still  more  iVeely. 

Its  salts  are  colourless  ;  they  have  a  sweetish  astringent  taste ; 
ieir  solutions  yield  a  white  precipitate  with  ferrocyanide  of  po- 
»inm.     The  most  characteristic  salt  of  yttrium  is  the  sulphate, 
he  crystals  of  which  lose  water  at  17<i°,  and  become  milk-white, 
rithout  chansto  of  form  ;  on  being  put  into  water  they  do  not  re- 
Eauie  their  transparency, 

I  Mi>s4m<ler  states  that  tliree  bases  have  been  confounded  under 
■he  name  of  yttria :  to  the  more  abundant  of  these  he  gives  the 
name  of  yttria:  the  other  two  he  distinguishes  as  erhia  and  ter- 
wkia.  The  oxide  of  erl)ium  has  a  yellowish  tint,  but  its  salts  are 
oolourloBH ;  the  salts  of  terbium  have  a  pale  roee  colour. 


%  V.   CeHIUM,   LAlfTHAXUM,   AND  DlDTMIUM, 


1(6S3  a)  Closely  allied  to  the  metals  of  the  earths  are  three 
itlior  metals,  the  oxides  of  which,  being  more  or  less  coloured, 
lavo  not  generally  been  consiiiered  as  belonging  to  the  earths 
proper.      Tlicv  need  no  lengthened  description,   as  they  have- 
iitlierto  iHJt'ii  found  only  in  a  few  rare  minerals,  of  which  cerlk, 
|a  hydrated  basic  silicate  of  cerium,  is  the  most  common.     Till  re- 
nVly  they  were  all  confonnde<l  t0"ether  nnder  the  name  cerium. 
Cutinsi  appears  to  form  two  oxides — a  protoxide,  and  a  sestjui- 
Dxide,  b<jth  of  which  yield  salts  with  acids.     Tlie  best  known  of 
nri'  the  oxalate  and  the  double  sulphate  of  protoxide  of 
\^  i)otas<ium,  which  latter  salt  is  insoluble  in  a  solution 

ii,     The  oxalate  (t^c6,0„  3  11,©)  has  been  given  in 
So»e«  of  trom  2  to  4  grains,  with  good  effect,  in  some  cases  of  r>l)- 
tinate  vomiting,  and  in  some  forms  of  pyrosis.     The  sesqiiioxide 
"  c«rinm  baa  a  yellowish  tinge,  and  its  salts  are  yellow  or  red. 
L-^.vrnAjrM  (so  named  from  X/»vdavu,  to  lie  hid)  was  diseov- 
bv  Mosander,  in  1841.     It  forms  only  one  oxide,  which  is 
SiijS''OoKiur(Kl,  and  iVeely  soluble  in  diluted  nitric  acid.     It  forms 
20 
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colourleap,  astrinejent  Rnlts,  wliich  give  a  white  precipit 
the  8t)1uble  oxalates. 

DiDYMiiTM  (so  named  from  SiovfAos.  twin,  in  reffi^ 
asscieiiition  witli  hintliaiiuin  iiiltRrfiiniislies  but  a  ?ii;_ 
is  of  a  dtirk-browii  colour,  when  anhydrous :  in  the  iivdrnle 
it  ifi  insohiMe  in  sohitions.  of  pntajih  and  iimmonia  :  but  it  i 
cai'lM)nic  neid  from  the  iiir.     It  furnishes  a  s{)ariuplv  soluhl 
oxahite,  and  yields  rose-white  double  suliiliatos  with  the  en 
of  potassium,  soilium,  and  ammonium.     Its  solutions,  when ' 
thmugh  a  prit^m  by  transmitted   li<rht,  ehow  a  strong  al* 
line  in  the  yellow,  and  another  in  the  green  (Part.  I.  p.  H 
salts  are  pmk  or  violet-coloured,  and  ixre  not  precipitated  at  ( 
narj'  temperatures  by  sulphide  of  ammonium. 


CHAPTER  XV. 


OEOtrP     IV. —  MA0NB8IAN     METALS. 

Mao  NESTot — Zino — Cadmium. 


UeUL 

Simbol. 

Atomic 
welichL 

AUnnic 

epccUie 

Foalnff- 

^■rl 

Uagncsiutn  .... 

Zinc 

Ottdmlum ,,.,,. 

Mg 

24 
112 

13-76 

law 

0'24n9 

oonas 

0-Oft67 

773 
442 

1904 
)o80 

1743 
7-146 
8-60i 

:.i ::  i 

These  metals  are  all  volatile,  and  bum  in  air  with  a  pnvwn'l 
flame  when  8troii<;ly  heated.  They  furnish  but  one  b«>i<- 
and  yield  very  s<jliibk'  ehlurides  and  sulphates  :  the  sul[il 
majriestnni  is  to  Bomo  e.xtent  soluble;  those  of  zinc  and  e;i> 
are  insoluble.  These  metals  have  a  strong  tendency  to  fom 
-carboTuites  ;  their  corresjwnding  salts  are  i8omoq>hou6. 

§  I.  MAoxEsnrM :  Mg"=24,  or  Mg  =  12.    Sp.  Or.  1-748. 

(683)  Magxesictm  is  usually  classed  with  those  metals  the  oxi«le< 
of  which  furnish  the  alknline  earths,  but  it  is  much  more  wi*!** 
gons  to  zinc  in  its  j)ropertiL'S  tlian  to  any  other  element-  Macn^ 
siuni  is  an  abundant  ingredient  of  the  crust  of  the  earth.  It  U 
found  in  combination  in  large  (jnantities  as  a  double  carl>ctn»tt 
with  calcium,  fonning  magnesian  limestone,  or  dolomite.  It  i* 
contained  abundantly  in  sea-water  a&  cldoride,  and  in  uiauT 
springs  as  sulphate.  It  likewise  enters  more  or  loss  e-Xtciisively  into 
the  fonnation  of  many  rocks,  and  of  a  great  variety  of  niinerak  , 

Preparation.  1. — Bussy  obtained  it  in  the  metallic  form  bf 
heating  its  anhydrous  chhiride  with  pota-ssium  in  a  j"  r 

pjatinum  crucible.     Wlien  cold,  the  contents  of  tlie  ^  j 

digested  in  cold  water,  by  which  the  chloride  of  potassium  aud  vSt 

•  A-t  G2°  8. 
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poeed  chloride  of  magnesium  were  dissolved  out.    The  metal 

"   as  a  grej  powder,  wliioh  could  be  melted  into  globules. 

— Deville  and  Caron  {Comptes  rendvs,  xliv.  30-tj  obtain  the 

as  follows : — 9000  graiijs  of  pure  chloride  of  injigDeaium  are 

;ed  with  1500  graias  of  fused  chloride  of  sodium  and  1500 

pnre  fluoride  of  calcium,  both  in  fine  powder.     l,50t>  grains 

HU   in  small    fragments  are  carefully  iniiiglod  with  tlie 

,  iind  the  whole  is  thrnwn  into  a  dav  LTUcilile  at  a  full  red 

ftt,  and  it  is  then  iustaiiUy  covered.     "\Vhen  the  mixture  has 

Mcorne  tranquil,  the  cover  is  removed,  and  tlie  fused  ma^  is 

Itirrerl   with   an   iron   rod,  in  order  to   render  it  homogeneous 

ttiMiighnut,  and  to  obtain  a  clean  surface  upon  the  liquid.     GIoIh 

iilcs  i«f  magnesium  are  then  distinctly  vibible.     The  cnu-ible  is 

sUowed  to  cool  partially,  and  the  metallic  glnbules  are  united  by 

meaus  of  the  irou  rod;  the  melted  mass  i»  then  poured  upon  a 

riwvel,  and  the  magnesium,  amounting  to  altout  t>75  grrtius,  is 

•eparated  from  the  slag.     The  magnesium  may  be  jdaced  in  a 

])orcelaln  tray  and  collected  into  one  mass  by  melting  it  in  a  cur- 

WDt  of  hydrogen;  alW  which  it  may  be  purified  by  remeltiug 

in  A  bath  of  mixed  chloride  of  miigncpium,  chloride  of  .«odium, 

and  fluoride  of  calcium.    It  still  Jiowever,  usually  retains  portions 

<^  carbon,  silicon,   and  nitrogen,  from  which  it  may  be  pinnfied 

I'ut  distillation  in  a  current  of  hydrogen.     Sonstsidt  has 

pre[iared  it  on  a  consideralde  scale  by  this  method,  for 

eoiomereial  purposes. 

3, — Bun&en  {Llehi^''s  Annal.  Ixxxii.  137)  prepares  magnesium 
Iv  the  electrolytic  decomposition  of  the  chloride  of  magnesium  ; 
tni«  salt  he  melts  in  a  deep  covered  jiorcelain  crucible  ilivided  by 

•  vertirml  diaphragm  of  i>orcehuu,  whi<;h  extends  half-way  down 
tlio  orucible ;  tlie  electri.Mles  are  made  tjf  carlnpii,  ami  are  intrt»- 
duiTil  through  two  openings  in  the  lid,  the  negative  electrode 
Wiii^  notched  to  receive  the  reibiced  magnesium  whiib  lodges  in 
tlie  cavities:  the  crucible  is  brought  to  a  re<l  heat,  and  is  tilled 
with  the  melted  cidoride,  which  then  is  readily  lioconiixised  by 
I'J  cells  of  the  zinc  carbon  battery  (26(1).  The  principal  ditliculty 
'1  this  operatiim  arises  from  tlie  snaall  density  of  the  reduced 
metal,  which  rises  to  the  surface  uf  the  fu:«ed  salt,  mid  is  liahle  to 
le<Jxi«iat.ion. 

Pfi>]>erf>es. — ^[aguesium  is  a  malleable,  ductile  metal  of  the 
colour  of  silver,  wluch  takes  a  high  polish,  and  preserves  it  nearly 
a*  well  as  zinc  at  onlinary  tetni)eratiires  in  dry  aii' ;  but  in  a  moist 
Wiuriephere  it  becomes  slowly  oxidized.  Its  fnict  arc  ap[JC!i  rs  some- 
time* to  be  crystalline,  at  other  times  tibrous.  It  hsis  about  the  saiuo 
dfigrot!  of  hardness  as  calc-s|iar.  At  a  moderate  red  licnt  it  may 
w  incited.  When  ignited  in  dry  air  or  in  oxygen  gas,  it  takes  tire 
wl  becomes  oxidized  ;  in  the  form  (*i  wire  it  burns  easily,  L'inittiiig 

*  light  of  dazzling  brilliancy,  which  has  lately  been   cmployeil  as 

H artificial  light  for  pliotogra]ihic  purposes;  the  miigio'^ia  which 
Jro<^luced  exhibits  no  sign  of  fusiun.  Deville  and  Caron  ha\'e 
rtiown  that  magnesiam  is  nearly  as  volatile  as  zinc,  and  that  it  may 
be  distilled  by  neating  it  strongly  in  a  current  of  hydrogen.      A 
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portion  of  the  rnptal  is  cHrrie«1  away  in  snspensinn  hx  fhe^a*,  stm! 
if  the  latter  he  kindled  a?  it  is'iiiert  from  tla-  appHrHtiH.  it  lumr-  with 
a  beautiful  and  hiijiily  luminous  flame.     M 
acted  upon  l»v  cold  water,  hut  it  is  rapidl  v 
lieKJiglitly  acidulated.    It  is  also  freely  ftohihle  in  a  ?rf>lutiori  • 
amraoniuc.     When  thrown  into  strong  hydrochloric  ncid  it  ' 
iuto  flame  ;  yet  a  mixture  of  eoneentrated  pnlf>lniric  and  fn 
nitric  aeid  has  no  action  upon  it  nnlee«it  l>eheat»vl.    Wh.  •  ' 
in  chlorine  and  in  the  vapour  of  hrominr.  of  iodine,  or  i-i 
it  hums  brilliantly,     Mafrnesium  unit'  '!v  with 

t'onning  a  transparent  crystallized  nitri'.'  .^)wliieli 

posed  rapidly  hy  water  into  magnesia  and  ammonia  (]>«■■ 
Geuther   anJl    Ijriegleh   obtained  a   greenish-yellow   nnmrj      „ 
nitride  of  similar  composition^  hy  heating  the  metal  in  pnro  ■od 
dry  nitrogen.     It  is  immediately  decomj^vosed  bv  wator. 

(6A4)  Maonkpia  (M^'e=40,  or  Mg(^  =  2<^i);  ".S>.  6V,  S.fl;  f.^m- 
jMrnfum  in  IdOywr/y^,  Mg,  (?0  ;  O,  4<t. — The  only  kTii>wri 
magnesium  is  a  bulky,  white,  tastelew,  infusible,  and  n 
soluble  powder,  which  when  placed  ujxm  moistened  tunm 
turns  it  distinctly  brown.      It  is  usually  jinxrured  by 
isjniting  the  artiricial  carbonate  in  a  crucible,  hut  it  may  al 
o^>tained  by  ignition  of  the  nitrate  of  magnesium  ;  in  thl*  <- , 
assumes  a  much  denser  form.     Mag^nesia,  wheti  mixed  with  v 
gradually  combines  with  it.  and  forms  a  hydrate  (II  ^'    '  ^ 
absorbs  <iarbonic  acid  slowly  from  the  air:  no  sen- 
of  temperature  occurs  during  the  prfK.*ss  of  hyrlnition.     A  native 
hydrate  of  similar  composition  occurs  in  crystalline  scalcf. 

(♦•85)  SrLpniPE  of  Maonesum  (MgS=.')«i)  h  but 
soluble  in  water.     It  may  be  obtained  as  a  hydnite  by  j:.     ,  ....; 
iiig  a  boiling  solution  of  sulphate  of  magnesium  with  Milpfiide  of 
potassium,  when  it  falls  as  a  white  muoilaijinous  mass. 

{(\^(i)  Cni.oKinK  OF  MA«JNEsrrM  (M<;Cl,=:l)5,  or  Mirn=47'»; 
Sj).  Or.  2-77.  cryxt.  tnih  i\  H,0,  l-.^rii)  "is  contained  :' 
Bea  water.     It  may  be  obtained  in  the  anhydnMis  cori 
eolving  1  part  of  magnesia  in  hvdrochloric  acid,  arid  uddi! 
of  sal  ammoniac  in  solution,  after  which  the  mixture  ise\ 
to  dryness  ;  by  this  means  a  double  chloride  of  magru- 
ammonium  is  formed  (II,NCl,M(rCl,),  which  may  be  ev^.j.. 
without  loss  of  acid,  whilst  the  solution  of  mere  chloride  of  i 
nesinm  is  partially  decomposed  during  evaporation  :  wlit  ■       • 
double  salt  is  ignited  in  a  covei'ed  cru<'iblc,  the  sal  hiotik  '  ■      - 
expelled,  and  pure  chloride  of  magiiesinm  remains.   ^ 
it  fuses  to  a  transj)iirent  linuid,  wliicli  forme  a  silky 
of  confused  crj^tal*  on  cooling.      Chloride  of  magu 
quescent,  and  gives  out  heat  whilst  undergoing  solut.   ;,  . 
by  evaporation  at  a  low  temperature  it  nuiv  be  obtained  incf 
line  needles  with  <5  H,0,   It  is  eoluble  in  a'1<'ohol :  it  fonns<' 
chloriiles  with  the  chlorides  of  the  metals  of  the  alknlicH.    Iffc 
Strongly  in  a  current  of  dry  ammo   '       '  ■■     ■■      r 

'tiesium  is  volatilized,  and  a  white  - 
obtained  (Clark). 
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u)  SrLi'UATEOF  Magnesium  (McSO,,  7  II,O=:120  +  12<),  or 
SO„HO.O  IK)  =  ()(»  + 63);  -S>  Gj:  anhy<lro>t^,  2-70(),  try*<!. 
;  Comjxmfion  in  l<)0/x?rW,  dry,  MgO,  33-33:  SO,,  OiJtiT  i 
ifgO,  lG-26  ;  Se„  3252  ;  U^O,  51-22.— This  is  the  nK«t 
.omt  salt  vi  in.igiie«ium.  It  is  made  in  very  lai'<;o  quaiititiua 
eeaM-ater,  either  by  preciiiitatintr  tlie  iiiagiiet.ia  i)v  meaiiB  of 
Be,  and  tlicri  dissolving  it  in  sulphuiiL'  acid;  or  by  iirst  cryttal- 
IDg  out  the  greater  part  of  the  cuiuinon  .salt,  after  which,  ou 
atioration,  crystals  ol  the  sulphate  are  ^ibtained.  Kative  car- 
nate  of  niagiiesiuni  is  also  sometirnea  acted  upon  with  diluted 
^diuric  aciu,  and  the  salt  obtaine«l  by  evaporation.  The  8ul- 
ste  is  also  procured  in  coiisiderable  quantities  from  niagnc*ian 
oeitone:  tlie  rock  is  burned,  slaked,  and  largely  washed  with 
ftter  to  reuuive  part  of  the  lime  ;  it  is  then  treated  with  sid- 
jnric  acid,  and  the  sulphate  of  magncsiiun  is  sepai'atcd  froui  the 
•ringly  swtliible  sulphate  of  ealeium  by  stilution  and  reerystul- 
latiou.  It  16  alH)  obtained  in  eonsideral)le  muiiitity  fn  »ni  the 
liOtber-liquors  of  the  alum  works.  Sulphate  ot  magnesium  is  a 
IDmon  ingre<Hent  in  mineral  waters.  Its  trivial  najue  of  J'JjHU/r/i 
lUt  ie  derived  from  tiie  cireumhtance  of  its  being  abundantly 
ittntaineii  in  many  springs  in  the  neighbourhood  of  Epsom,  from 
IV  i;i  of  wliieh  it  was  at  one  time  olttained.     Sulphate  of 

[1  111  is  soluble  in  3  times  its  weiglit  of  water  at  iW,  and 

14*1  'A\T.  Its  Hilutiiiii  has  a  bitter,  <lisgustiiig  taste.  It  ervs- 
lllizc«  readily  in  rigltt  ilionibie  piisiiis,  whieli  nre  slightly  etflo- 
tscent:  when  heated  moderately,  they  lose  their  water  uf  crys- 
lallizstiou  ;  if  the  heat  be  intense  and  \m^  continueij,  a  part  of 
lite  mA  alst»  eseaj>es.  If  ervstiiUized  from  a  hot  solution,  oblique 
rimmliic  prisms,  with  0  II,0  are  deposited,  and  the  onlinary  crys- 
taK  when  heated  to  125^,  beeome  ojiatjiie  and  lose  1  H,f  >.  Crys- 
l*llizi'tl  sulphate  of  magnesium  loses  ♦'»  of  its  7  atoms  <ji  water  at  a 
temjuruture  below  Zm°,  but  it  ret-.iins  1  atom  even  at  -HXt^.  Thia 
iitet  ut^jm  may  be  displaced  by  an  etiuivaleiit  of  an  anhydn>ussa]t, 
Mcli  as  sulphate  of  potassium,  with  ^\'hich  it  forms  a  doulile  salt, 
}»«M''5Scd  ol  the  same  erystulline  form  juj  sulphate  of  magnesium 
(%SO,.K,S©,  .  6  lI,0)"of  sp.  gr.  2  07(;.  Sulphate  of  amnion i- 
Oln  tonus    with  the    sulphate   of  magnesium    a  siiiiihu-  double 

KM)  Nitrate  of  MAGNEeim  (Mg  2  NO, .  C>  11,0  =  1*8  + 
,  Sp.  Gr.  VWi)  is  deli<jue8cent,  and  soluble  in  ah-oliol ;  it 
ErjrutalJizes  with  difficulty. 

\CS9)  Carbonate  of  Magnesium  (Mg€0,=S4,  or  MgO,C0,= 
^2;*^.  Gr,  3"056)  <x^curs  native  as  a  white,  hai'<l,  anioryihous  mi- 
y^^  QsA\iin\  magnemU.  It  is  procured  artiticially  Ity  jireeipitat- 
Og  »  iMiling  solution  of  a  salt  of  niagnesium  with  e.arbomite  oi 
)0tj6sium,  and  dissolving  the  precii>itate  in  carbonic  acid  water; 
■ftfe  ga&  esea|K?8,  the  salt  is  deposited  as  a  terhydrate,  in  traiis- 
|Hht  Hexagonal  prisms  (MgOO,  .  3  11,0):  by  exposure  to  air 
B>c  cn-stals  eflloreseo  and  are  converteil  into  a  protoliydrato 
j^jK^,  .  H,0).  The  anhydrous  earlionate  may  be  obtained  by 
iWrodnciu^'  a  test-tulje  containing  a  Bolutiou  ot"  Bu\y\ia\.e  o^  uvw;^ 
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Tiesium  into  a  strong  glass  tnbe  containing  a  aolution  of  carU>n)tti 
of  aotlium,  sealing  the  tnho,  and  tlien  allowing  the  two 
to  mix.     Crystals  of  carbonate  of  niagncj^iiun  are  dejHKi't. 

Miujnevia  aV>a^  the  eoniinon  white  magnesia  of  the  nln, 
made  In"  pi^eeipitating  a  boiling  solution  ot  the  sulphate  of 
nesiiun  by  a  hot  solution  of  farUitiate  of  sodium.      The  )»uIphHl 
of  nxagiiesiutn  is  allowed  to  remain  slightly  in  excess,  i>th(3T*i 
the  precipitate  contains  a  little  carbonate  oi's^Klinin.      It  is  rlt 
Bitea  as  a  white,  light,  bulky  powder,  which  is  eonipo^i'' 
drate  of  nnigne.^ia  (MgH.O,)  combined  with  a  ouantity  ot 
carbontite  (MgOO„II,Q),  the  anion nt  of  whieli  may  varj  Iruiu  ti 
tti  4  atoms  to  1  atom  of  the  hydrate  of  laagneaia ;  it  is  verj*  «mr 
ingly  soluble  in  water.     A  quantity  of  carbonic  aei«l  is  expelled 
from  the  mi.xture  during  the  preparation  of  this  compound. 

Do^AmiiU^  when  its  structure  is  crystalline,  usually  tronsisb*  nf 
carbonate  of  magnesium  and  carbr»nate  of  calcium  in  the  pnl|)^)^ 
tion  of  1  atom  of  each  (MgGa  2  €?0,),  though  wjmetinuM  the  pn»- 
portion  of  carltonate  of  catcium  considerably  exceeds  I  atom.      \ 
Solution  of  sulphate  of  calcium  decom{K>scs  carbonate  of  m:i.::i' 
sium  at  ordinary  tein[)eratures,  and  thus  spring  water' 
charged  with  sulphate  of  calcimn  may,  by  filtrati<»n  i. 
bed  of  dolomite,  become  impre<fnated  with  sulphate  of  m:i 

A  very  pm*e  ciirlionate  ot  magnesium  is  manufuctu:.  ,  - 
dolomite  by  a  process  intniduced  by  Pattinson.     In  tliisojiem*  'ii 
the  mineral  is  finely  ground  and  silted,  and  e.vi>osed  tri  n  '  ■ 
heat  for  2  or  3  hours,  by  which  tlie  carhofiate  of  tnai: 
decomposed.     It  is  then  introduced  into  a  strong  iron 
line<l  with  lead,  where  it  is  mixed  with  water,  am!  carbon 
dride  is  forced  in  under  a  ])ressure  of  2  or  3  atniospln'i 
ceases  to  be  absorbed;  the  carbonate  of  magnesium  her  • 
solved  as  acid  carbonate,  leaving  the  carlMinate  of  calcium:  'A"- 
clear  liquid,  when  boiled,  deposits  the  carbonate  of  niagn(^^uui, 
which  is  drained,  and  dried  in  a  stove  at  a  low  temperature. 

By  mi.xing  a  solution  of  nitrate  of  magnesium  with  .r 
of  a  saturateB  solution  of  the  acid  carbonate  of  jinta«-I 
allowing  the  solution  to  stand  for  some  days,  a  rem)' 
salt  is  deposited  in  regular  crystals,  composed  of  I M;:  ■  \{ 

.  4  II,0),  but  which  is  decom|«>sed  by  redissolving  it  in 
The  correspontliug  salt  of  sodium  is  niore  stable. 

A  native  horati  of  nuiifneiium  [3  (Mg  2  BO,),  B,0„  or  3  5fg 
4  BO,],  named  horacite^  is  found  cryetallizwl  in  cubes ;  it  \s  mA 
dered  electric  by  heat. 

(H!Hi)  Sii.icATKa  OF  MAOVEaiinfcT. — Silica   and   magjiesia  idji» 
be  artiti<Mally  cond>inc<l  in  many  projiortions.     A  large  nimtlM 
of  minerals  are  formed,  either  wholly  or  ])artiullv,  of  the  silf 
of  magnesium.       Olhnne  or  chrijsol'itc  [2  (MglPe)O.  Sit)  1 
crystallized  orthosilicate,  usually  'if  a  green  colour,  ■ 
basaltic  and  volcanic  rock.-,;  it  frequently  accono-M 
meteoric  iron.      Tnlo  is  a  verv  soft  slatv  miip 
formula  [2  (MgO,  SiO,)   .  2"Mir<>    ■•''<♦  ' 
W/uilk^  or  iSoujwtorw,  is  (.MgO,  Si< 
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is   a  hydrated   metat<ilieate,  (2   Mo:SiB,   .   H,0).      Mfer- 

}um  is  aTiothcr  !iv<ln»te<l  pilicato,  ot  Avhich  the  tormiila   is 

^  >,  3  Sie, .  4  n,e).     Serjientin^  (2  [(M^'Fe)0,Sie,] .  Mj^, 

-O)  is  anotlier  hy<lratcfl  silicate  of  mngrnesinin,  in  which  a 

Son  of  the  ruajjnesiu  is  often  displaced  by  protoxide  of  iron. 

tntitte  frequently  occnrfi  in  compact  mas^e?,  which  take   fl 

pidiiih,  and  from  the  beanty  of  its  varie^jated  colour,  it  ia 

11  eniphiyed  for  ornamental  purposes.     It  iti  readily  attacked 

racid;*,  and  occurs  in  t^utficient  abundance  to  be  employed  as,  a 

irtc  of  the  salts  of  niaji;nesiuiii. 

The  double  silicates  of  niaj^nesium  are  still  more  numernus. 

flit*  at  pyroxene  is  one  of  these:  it  is  a  cr^-ijtalline  mineral, 

found  in  basalt  and  lava,  and  is  a  silicate  of  ealciuni  and 

fiiesium,  jxtrtions  of  which  inetals  are  often  disjilaced  by  iron 

nian<,'unej>e  [(OaMji:FeMii)0,  SiO,].     Hitruhh'uth'  or  ampki- 

isa  silicate  and  alnminate  of  magnesium,  cnlciinn,  and  iron, 

itl  a  variable  proportion  of  the  fluorides  of  calcium  and  potas- 

,  <3  [(MjreaFe)e,  SiO.] .  2  (MiireaFcMn)  H,  SSiO,  .^(Kea) 

It  ((ccurs  sometimes  in  dark  green  or  black  crystals,  at  other 

Desuiassive,  disseminated  througb  many  rocks,  such  as  syenite 

b(]  p<jrphyry,  and  frequently  in  basalt  and  lava.     Atthnti^s  and 

Unntluiit  conunoidy  consist  of  a  tihroiis  variety  of  aMii»liibo!e. 

(691)   Triplionphiite   of  iinnjiifi<i inn    Hiul   hyilnxji'^n   (II, Mg", 

>..  7  H,e,  or  HO,  2  MgO,  PO.  .  14  Aq)  is  aii  efti^.rcsccnt. 

•rinvrly  soluble  salt,  which  crystallizes  in  fine  tufts  of  six-siddl 

War  prisms,  when  a  s«hiti<in  of  a  niagnesiuri  salt  is  mixed 

Ith  the  solution  of  the  eonnnon  phosphate  of  s^idinm. 

THnMUlSPHATE    OF    MaGNESUTI  AND    AMilONIUM  (Mg"II,N,PO, 

H,e,  or  2  MgO,  II,XO,ro.  .  12  Aq  =  137  +  1()8),  or  trqfif. 

ttfhiif^  as  it  was  formerly  called,  is  a  more  im]>ort;uit  <*otiipouiid 
5»n  the  foregoing  one.     "  It  is  prei>ared  by  mixing  phositbute  of 

liurn,  mingled  witli  chloride  of  ammonium,  wilh  a  salt  of  mag- 

sinin;  by  agitation  this  compound  is  deposited  in  minute  crys- 
talliuc  grains : "  it  furnishes  a  very  delicate  test  of  the  ju-esence  of 
n^a^nesium  :  it  is  insoluble  in  water  containing  free  ammonia  or 
muriate  of  ammonia,  but  it  is  taken  up  in  appreciable  quantities 
I'v  [Mire  water.  It  is  frequently  met  with  as  a  cotistituent  of 
urinary  calculi,  both  in  man  and  in  the  tower  animals.  Phos- 
phiUp  i.f  magnesium  and  atinnoiiiiiui  is  readily  solnblo  in  acids; 
*uimciiiia  precipitates  it  fron»  such  solutions  uuciianged  ;  when 
1,  it  jtarts  with  its  water  and  ammonia,  and  glows  tike 
la  and  zirconia  as  it  suddenly  contracts  its  bulk.  The 
iiiaitwi  residue  contains  35-7  per  cent,  of  MgB,  and  fi4-3  of  P,0,. 
If  is  fro<[Hently  emphiyed  foi*  tlie  determination  of  the  amount  of 
oingnesia  in  the  course  of  analysis. 

((592)  CH.A.KAcaEits  of  liiK  S.\i/rs  of  M-vgnksium. — The  salts 
<"  magnesium  are  colourless  and  iiave  a  bitter  taste.  Many  of 
"W  rnagne.*ian  miia»rals  possess  a  silky  lustre,  and  feel  unctuous  to 
<'ie  toucli.  C'onqpouuds  of  magnesium  may  be  recognised  htyfon 
"!'■  hLwjnjH?,  by  tiie  pink  tinge  wliich  they  acquire  wlieu  heated 
jntii  uitrate  of'  cobalt. 
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In  stilution  tliev  gi*'e  no  pret'iuitJitf  •  '  '     ' 
of  the  all'iiJ i-metid.^  till  lK>ilf(l;  but  u  \ 
iniignesiuin  when  mixed  with  tlit'  tmniial  it( 
or  milium,  unless  a  salt  of  nuimtiniiiiu  lur  j'fi 
with  the  preci[ntatic»n.     Pho«jjh<tte  of  ainvionium  jri  v 
a  wliite  crystalline  p-anuhu"  precipitJito  o^  doaUle  |>i.-j  . 
mni^nei^uiu  and   uininonium.  wliich   in  eiisilr  i^ilulile    in 
(h-alate  of  itm/noniuni,  mixed  with  sal  aninioni;i' 
cipitate  with  the  m«;in cesium  salts,  neither  d^<  the  ^ 
Tlio /?■/*«/  alkiirn'n  tliritw  down  a  white  j;ehititnin»  li\ 
earth,  whiehis  insohihle  in  cxeeesot'  tlie  precipitant^ 
j>r<>du(ieTi  a  siniilnr  preeipitute.     Amvi/mia  product*  i>ut   n  vi-i 
ineumplete  precipitation  of  magnesia  from  its s<ihiti<.niH  ;  liieirtrla 
tinous  precipitate  which  it  fx?casinim  Iwonnes  rodis«t»lveil  on  ti 
a<ldition  uf  a  solution  of  chluride  of  airiMioiuum,  iukI  s  iluul 
salt  of  magucsiuiu  and  anunouium  i*  f<^>rinod. 

(6J>3)    CuABAriKKS     OF     THK     MkTAUH     OK    THE     FlUffT     Gw 

(Metids  of  the  Alkalies). — ^Tlie  salt.*  of  tlietio  metals  when  in  wilt 
tlon  are  diHtinjjuished  by  the  foll.iwinjf  ehai-aeteis : — 1.  By  tlw 
absence  of  any  precipitjito  on  the  addition  of  a  i?H)lntion  of 
bonate  of  potassium,  or  of  sodium  :  in  the  case  of  litliium,  if  tin 
gait  exceed  two  per  ceJit.  of  the  tioluti«in.  a  pre<:ipit.ftte  of  nirlwo--^ 
ate  of  lithium  i«  liable  to  occur.     2.   By  tlie  alx^cnne  of  any  j>ro- 
cipitate  when  sulphuretted  hydrogen  or  hydpusulphatfi  of  amm<>>j 
nium  is  added  to  the  solution.     3.  I?y  the  oee\irrenee  of  a  prtvij 
itate  with  chloride  of  plutinuTii  in  the  cjise  of  salt* of  ainini    '~ 
or  of  p<ita>siuui  ;*  and  by  the  formation  of  prii.niatic  crvulu 
the  double  cidoride  (^f  sodium  and  platinum  whon  evaporuted  tn 
the  nreseiice  of  salts  of  sodium. 

(694^)  Entlnuttiun  of  PittaHmtm  arul  Sodimn. — If  tho  n^lnlii 
pro]M)rtions  of  tlie  potsussium  and  SfKliuin  Ite  not  re(|uin?«l,  th«I 
ciHiibined  weifxht  is  usually  nscei-tuttied  in  the  form  of  sulptial 
They  may  ill  uiost  casei?  Ik>  readily  obtained  in  this  eonditioi 
trontinii  the  soluticai  with  sulphuric  acid,  evH|><tratinir  U»  ilryij 
and  fusiusj  the  mii,-.s  in  a  pliitimmi  crucible  in  which  a  fn^ 
of  carlxmate  of  ammonium  is  sus|H'nde<L     Tlie  excels  of  enli 
acid  is  thus  readily  dissipate<l,  and  the  amount  of  tho  acitl  «»t 
liined  with  tlie  potast^ium  and  .stvlium,  is  <letennincd  by  prt«<n|»iti 
titui  with  chloride  of  barium.   When  ammonium  halts  are  pivMn| 
vn\\i  tlnise  t>f  potjissium  and  sodium,  its  amount  niay  l»e 
mined  by  distilling  ofl'  the  anntionia  in  the  numner  alreiwl] 
scribed  (1(20). 

In  order  to  detennino  the  quantity  of  |M>tasRium  and  tuxiittni^ 
in  a  mixtm'e  of  the  salts  of  tlic  two  metfds.  tiiey  nlioald  1m*  «i»r 
verted  into  the  state  of  chlori<les,  and  heated  to  low  redr 
expel  moisture  and  all  aminoniiicnl  salts,  allowed  to  ctxi), ; 
weighwl :  ft  certain  proportion  of  th«'si.'  mixod  chloridttt  (t 
twelve  grains  will  snHice)  is  then  mixed  with  nn 
double  chloridi)  of  platinum  and  so<]itim,  c^ 

*  Rubidium  atid  rteslnm  would  Also  Iw  foiuid  In  this  pi..^.,  iv.,.^ 
of  these  meula  wero  preseuL 
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|>(Ver  a  stoam  bath,  and  the  excess  of  the  chloride  of  platinnm  iind 
lodiuin  n'iiiove«l  hy  waj^Iiing  with  nJcohol  nf  hpoclKc- srr:»vityO'S0)O. 
■^  -tiilliue  residue  is  coilt'Cted  on  a  tilter  and  wcisjhed.     One 

I  parts  coutuin  30"53  of  chloride  of  ])otJii^<iiiiii,  and  oor- 
jrw^mud  to  ir>-t>S  of  fM-itiissiuuj,  or  to  19-20  of  anliydrous  {wtaeh. 
Tlie  qniuitity  of  chloride  of  sodium  is  obtained  by  deiluetiiig  the 
iKv^ht  of  the  chloride  of  potassium  from  that  of  the  niLxed  chlo- 
-:.(..  M  ployed. 

I  2Ae  conversion  of  the  alkaline  metals  into  the  condition 
■ulfis,   previous   to  precipitation   by   the   perchloride   of 
1.  if  they  are  not  already  in  tliat  foi-m,  is  rather  trouble- 
auiue.    They  may  be  first  converted  into  snlpliuto?  liy  ovaporat- 
h^  the  eolation  with  a  slight  exce<w  of  jiulphane  ai']<l,  luid  ignit- 
ing tlie  residue  ;  the  sulphates  thus?  obtained  are  to  he  dissolved  in 
¥«ter  and  mixed  with  a  solution  of  cliloride  of  baiiuia  in  slight 
escesj.     The  suljihuric  acid  is  thus  proeipitated  ass  sulphate  of 
barium,  and  the  alkalies  are  converted  into  chlorides  ;  but  the  ex- 
cess of  liarium  in  the  liquid  must  still  be  gnt  nd  nf      A  mixture 
"ie  ammtiuia  and  of  the  st.'Sipiicarbuiiate  <>f  aniriiniuum   is 
II'  added  to  the  solution  after  it  Iiius  been  tiltcii'il  from  the 
»oll>iiate  of  barium.     The  excess  of  Imriu in  is  thus  thrown  down 
i6(.'iirlKiiiat«,  and  the  carbonate  of  bariunj  may  then  be  removed 
by  tiltnitinn.     Once  more  the  scdution  is  to  be  evaporated  to  dry- 
ness in  a  ])latinum  dish,  and  the  residue  gently  igTiited  to  expel 
tbeaininiitiiacal  salts.     The  remaining  mass  now  contains  nothing 
lat  the  mixed  chlorides  of  sodium  and  potassium. 

M''«<>)  Chau.vcikr8  <if  thk  ^Mktai.s  of  thk  Second  Group 
I'f  the  Alkaline  Earths,  including  Magiic>itHn) : — 1.  The 
iliese  metals  M'hen  in  solution  give  a  wliite  ])rt'ci])itate  on 
Uie  liililition  of  S4:ilutioJj  of  carbonate  of  siifliumor  of  potassium. 
—-.  Tlicy  yield  no  precipitate  with  hyflrosulphate  of  arumnniuni 
Iwr  with  sidphnretted  hydrogen. — 3.  Lime-water  occasions  no 
preciiiitate,  except  in  Ciu^^cs  in  which  the  magnesian  salts  are  pre- 
**"t,orin  which  the  sitlutitm  ci>ntains  free  carlmnic  acid. 

Itii»7)  S»jxtntfh>n  (tf  the  Alla/i/i£  Jurrthji/n/m  the  Afl-alies. — 

SiippiKing  a  Aolutiim  to  contain  salts  of  tlie  alkalies  and  of  the 

earths,  the  quantities  of  each  base  may  l>e  detcrtiiiiied  in 

I'jwing  manner: — An  excess  of  a  mixtui-e  of  anuuonia  and 

I  ■Kinicarb<>nate  of  ammonium  is  added  to  the  solution  ;  the  ain- 

•Ooniiiiii  thu.«  condiines  with  the  radicle  of  the  acid  jireviously  in 

jmion  with  the  earths,  whilst  tlic  cai'bonic  acid  converts  the  earths 

mt^)  carbonates;  the  U(jnid  is  Hltcrcd  from  the  precipitate,  then 

Ks^'irwirated  to  dryness,  ami  boated  t<t  e.vpel  the  ammnriiac'al  salts, 
dry  residue  is  then  washed  with  water,  which  dissnlvcs  out 
salts  of  the  alkali-metals;  and  from  this  liquid  the  proportions 
•^lH>tnssium  and  s<idium  can  be  ascertained  in  tlie  manner  already 
orihed  (<)1>4).  A  little  magnesia  is  apt  to  accomiiany  the  salts 
)the  alkali-metals:  its  presence  may  be  detecteil  and  its  (piantity 
'tennined  by  the  addition  of  lime-water  to  the  solution  ;  hydrate 
f*  niiigncsia  is  precipitated,  and  may  be  collected,  weighed,  and 
*Wed  to  tlie  amount  obtained  from  the  portion  which  was  preci- 


pitnted  as  carbonate.     The  precij>itation  nuint  be  « ■  i  a 

8toi>j>ered  bottle,  to  exclude  the  carbonic  acid  of  the  ,  itt;. 

which  would  precipitate  a  portion  of  lime  with  tlie  uta>rti<Ma.  ] 
The  execAs  of  lime  may  be  got  rid  of  bv  the  addition  of  oxaiicj 
acid,  which  occasions  a  precipitate  of  oxalutu  of  culeiuiri  that  can  ( 
be  ^epanited  i.iti  a  filter,  but  ueed  not  l>e  weighed.  The  eurtliv  j 
carbouales  must  now  be  dealt  within  the  folluwiufj  ninnn'M't — 

(tjlt.S)  St'j)(irafton  rtf  Hariuw,  Sfrondum,  Cal-ciitu  ^'f<to 

nf^iumfrom.  fiicli  tithet. — The  alkalies!  liaving  been  ^,  i   ir 

the  manner  just  descnbed,  the  carlxmatcs  of  the  metals  which  ic  j 
the  i)re«'edini(  operation  were  not  dissolved  bv  water  are  taken  op. 
with  dihit(>tl  nitric  aci<l,  and  the  liquid  i«  largely  diluted.  Sui-j 
phuric  acid  is  then  added  so  lon^  art  it  occa^^ions  a  precijiitatc. 

If  the  liquiil  ori>jiiiidiy  cimtaiued  no  alkaline  salts,  it  will  nuti 
be  necessary  ti>  convert  the  earths  into  carbiinute-»,  but  '' 
tion  may  be  simply  diluted,   acidulated    with  nitric  H' 
mixo<l  with  siili>liuric  acid,  as  before. 

This  ]irLcii)itate  may  consist  of  the  sulphates  of  barinm  awl: 
strontium.     It  must  be  eoUoctcMl,  w;ished  with  boiliii';  waTcr  widl 
weijihcd.  then  fuseil  witli  thrice  it«  weight  nf  carbiinate  of  s<MUntB,| 
bv  whicii  it  will  be  dcconiposeil ;  dimble  decomiKusitioji  iK-eiirB.  car-i 
bonates  uf  barium  and  strontiinn  and  sulphate  of  siidiii:i 
formed.       The  carlmnates   of   barium   auid   stnmtitun,    b 
Bolulile,  are  sejiarated  from   the  solulile  sulphate  of  sodium  liVi 
washint;,  ami  the  carbonates  of  the  two  earths  are  cirtivertt-d  int<jj 
chlorides  liy  the  action  of  diluted  hydrochloric  acid.     The  chlf 
rides  of  barium  and  strontium  are  eva])(>rated  to  drrncss,  w.  i'l>.-.5 
and  may  then  be  «eparated  with  tolerable  exaetuess  by  tli 
of  alciihul,  which  dissolves  the  chloride  of  strontium,  but  i<.i\<--' 
that    of  barimu   unacted  ui»on.     llydroHuosilicic  acid  may  al&o , 
be  tonployed  t<»  separate  the  two  eartlis;  in  tiie  cnuise  of  two  itf 
three  Imnrs  the  whole  of  the  barium  is  precipitated  by  it,  whilst 
the  stroiitiMiii  remains  in  solution. 

The  acid  liquid  from  which  the  barium  and  strontium  h«V4 
been  separated  is  rendered  slijfhtly  alkaline  by  ammonia,  and  the 
calcium  ]irccipitated  as  oxalate,  by  means  of  oxalate  of  iimnic 
nlum  :  this  ]H-ecipitate,  after  beiuf^  well  washe<l,  is  heftto<l  to.dtil 
redness,  and  is  estiiiuiled  as  carbonate  of  calcium.  If  the  pn>p«ir 
tion  of  matrnesium  bo  large,  a  little  of  the  salt  of  calcium  is 
tamed  in  solution. 

The  filtrate,  which  may  Btill  contain  ma^jnesinm,  is  nux< 
with  phosjihate  of  sodium,  briskly  stirred,  anu  allowed  to  Mam! 
fr>r  twelve  horn's,  to  give  time  for  the  granular  cnstalline  ji 
phato  of  matrnesium  and  ammonium  to  subside :  it  ie  ctilli 
oa  a  filter,  washed  M'ith  water  which  contains  free  ammoniii, 
estimated,  id"ter  iiipiition,  as  pvrophospliHte  of  maencsiuin. 

(G'J'J)  (\<nni ion  (/  J*recipif I (hji.—U  \vil\  '^ri 
more  convenient  in  separating  the  metals  of  ih- 
from  those  of  the  alkalies,  in  the  tii-st  place  i.n  i.r. 
barium  and  strontium  by  sulphuric  acid  fro?n  the  dilui     .  . 
solution ;  then  to  ncntrifilize  by  ammonia,  and  twparatd  the 
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cinm  }>y  the  addition  of  oxalate  of  amninniinn  ;  to  evapomte  the 
ei<^lutioii  contuinin;;  the  salts  of  mugiKwiuia  and  of  the  metals  of 
the  alkalies  to  dryness,  heating,  to  expel  salti?  of  amuionium  ;  then 
to  redisbolve  the  residue  in  water,  and  separate  the  whole  of  the 
maiirnf»ia  at  once  by  the  addition  of  lime-water  in  a  stoppered 
bottle,  in  the  manner  alreafly  des-eribed. 

Certain  precautions  in  manipulation  are  required  in  transfer 
rin<j  a  solution  to  a  tilter,  in  order  to  avoid  loss.  In  pouring  o 
liquid  from  one  vessel  to  another,  a  glass  rod  should  be  moistened 
with  dii^tilled  water  and  brought  against  the  edge  of  tho  vessel 
from  which  the  liquid  is  to  be  poured,  aa  shown  in  fig.  339.  By 
this  means',  when  the  pouring  is 
ended,  if  the  rod  be  still  kept  in  Tio.  839. 

contaet  with  the  edge,  the  last 
droj)  16  prevented  from  running 
down  the  outside  of  the  jar  or 
basin :  the  rod  may  then  be 
plat-ed  in  the  vessel  until  a 
Bunilar  operation   is  as;»in    re- 

Silire<1.  Al\er  the  whole  of  the 
qnid  lias  been  poured  oft",  the 
})ortion  whieh  adheres  to  the 
nxl  and  to  the  sides  of  the  vea- 
6el  is  w.nsked  down  bv  a  jet  of 
watt'^r  from  the  washing  CRittle, 
tig.  3411,  and  the  wa.shings  are 
added  to  the  rest  of  the  decanted  liqnid. 

(70Q)  Wa«/im(/  of  Pree'ipitate«. — In  washing  precipitates,  the 
use  of  a  flask  pro\-ided  with  two  tubes 
i)as5!iiig  through  the  cork,  as  represented 
i!i  lig.  340,  facilitates  the  operation.  The 
tube  «/,  pa»fses  just  through  the  cork;  the 
longer  tul>e,  fu  reaches  almost  to  the  bot- 
Xun\  of  the  tiask;  it  terminates  at  c  in  a 
line  orifice ;  on  forcing  air  from  the  lungs 
throngh  the  tulK'  a,  the  water  is  expelled 
at  <?,  and  may  be  <liiv<rtod  upon  tlie  tilter. 

It  is  necessary  that  the  falter  should  fall 
completely  within  the  funnel,  and  that 
befoi-e  any  of  the  liquid  for  tiltration  is 
pjured  iuto  it,  the  paper,  aftcv  it  has  been 
placetl  in  tlie  funnel,  should  be  moistened 
with  distilled  water.  In  wa-shiug  a  precipitate,  the  stream  of 
water  should  Ik*  directed  upon  the  u]>i»er  edges  of  the  filter,  so  aa 
to  wash  down  the  saline  particles,  which,  by  evaporation  of  the 
liquid,  have  a  tendency  to  accumulate  there  as  the  s«jUition  rise* 
under  the  inliuence  of  cajiillarv  action. 

\n  cases  where  gelatinous  precipitates,  like  hvdrated  o.xide  of 
iron  or  alumina,  are  to  be  washed  continuously  tor  a  long  ]>oriod. 
a  eimpio  contrivance  by  <Tay-Lussac  will  be  found  very  useful ;  it 
is  merely  a  bottle  of  diBtiUed  water,  a,  tig.  341,  whidi  by  means 
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limb  which  dips  into  thu  t'nniud  luui  its  lower  extreiiiitv  a  little  ^ 
recurved,  to  direct  the  pure  water  upwards,  and  the  siphon  can  fl 
btt  filled  by  blowiTicr  treiitly  into  the  bottU*  tiirousfh  the  tulns  b,  ™ 
The  f'litinel,  7.  is  piai^Mi  .so  tliiit  tlie  upper  (Ml^e  of  the  fil»c>r  «hiUl 
be  a  little  al>ove  the  level  of  the  lower  end  of  <;.     T  "  .-i<» 

circuiiistHMces  the  filter  enn  never  <ivertlow.      As  wwjii  iji^ 

face  of  the  liijuid  in  tliu  fnuiiel  fuUi*  just  below  tlie  levi-l  of  iho 
lower  extremity  of  h,  the  i^iphou  carries  over  a  snmll  quniititv  •>f 
water,  and  bubbles  of  air  rise  in  the  bottle,  a,  to  sujiply  if**  plai;*. 
This  procesa  goes  on  continuously  aa  the  water  thiws  fnnti  trio  fil- 
ter, autll  A  i»  empty: 

In  order  to  ascertain  whether  a  precipitate  ha»  been  ^idhc-icntly 
washed,  a  drojv  of  the  li<juid  which  ])»saes  tliroujjh  is  evujtonited  "O 
a  slip  of  jrla;^:  it  ouj;lit  to  leave  no  appreciable  stain  or  rtsi<^Iue. 

in  Collecting  A  precipitate  from  a  filter,  the  paper  iihouhl 
be  dried  thoroiiithly ;  after  which  the  portion  that  can  be  reudily 
detached  from  the- papershould  be  allowed  to  fall  into  the  pbv- 
tftium  or  poreelaiu  capulo  Ta  which  it  is  intcndcil  to  perform  the 
ignition.  The  cupsulo  is  to  l>e  placed  upon  a  smooth  nheot  iif 
paper, 'and  the  filter  being  held  at  one  enmer  with  n  f»air  of 
lorcepfl,  is  burned  in  siudi  a  wuy  that  tlic 
platinum  capsule;  any  particles  of  u^*ll  •■ 
paper  are  carefully  tninsferred  to  the 
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nrast  not  he  forgotten  that  filtcriiig-papcr  itself  leaves 
ttttlv^  of  ut-h  when  burnt ;  hut  the  amoniit  of  this  in  p)od  bikjci- 
Etii?  sliould  nut  exceed  about  3  {grains  in  1000.  Before  using 
fl'iy  pii]>cr  for  the  puntoses  of  analysiH,  the  quantity  of  ftt^h  (nsUftlly 
I  I  -iritiiin:  of  siliea,  ume,  and  trsiee*  of  oxide  oi'  iron)  -whicli  n 
u;>  r!i  wi'ipht  of  it  fttiords  when  burnt  luuirt  l>e  asecrtaiTied.  In 
«  H  nnalytieal  ex]>eriuient  the  weight  of  the  filter  emplovcd  being 
uj  1  !(>xinjatively  known,  it  iij  ea*}'  to  estimate  the  aniount  of  ash 
Tliich  it  would  yield  (at  most  but  a  few  liundredths  of  a  grain) 
aid  to  deduct  this  from  the  gi'oss  weight  of  the  precipitate. 

I IL  Zmo:  Zn"  =  65-0,  or  Zn=32-.'i.  Sp.  Gr.  6-8  to  T'l ; 
BoUlng  rt.  19<:»4'"  F. 

(701)  ZtNc,  or  spelter^  as  it  ia  often  called  in  commerce,  has 
known  in  the  metallic  fonn  eince  the  time  of  Paracelsus, 
i  ores  occur  in  considerable  abundance,  thougli  it  ie  never  met 
ilh  in  the  native  state.  Much  of  the  zinc  of  commerce  is  sup- 
plied from  Silesia,  where  tlie  ore  wrontrht  is  calamine  /  the  com- 
mon or  rhomboidal  calamine,  a  carbonate  of  zinc,  is  the  n)ost 
importnnt  variety,  though  the  prismatic  or  electric  cahiinine,  a 
ivarafed  ba&ic  silicate  of  zinc,  is  found  often  in  the  Carinthian 
ores:  it  is  much  more  difficult  of  reduction.  Carbonate  of  zinc 
fc  aljo  extensively  worked  in  Iiela;iuni,  where  it  is  found  mixed 
>fith  clay.  In  the  Mendip  Hills,  in  Somersetshire,  the  carbonate 
ot  zinc  is  associated  with  mai;ne:«ian  limestone.  lilemlc,  or  sul- 
I'liide  of  zinc,  is  worked  in  £ii)^land  to  so)ne  extent ;  it  usually 
8c«iiM])anic8  the  sulphide  of  lead  (or  palena)  in  the  m(»uiitjiin 
jiinestDiie.  In  New  Jersey  red  oxith  of  sine  bus  been  fouud 
•1  large  quantities  both  nuissive  and  crystallized ;  the  colour  is 
^De  to  admixture  with  oxides  of  manganese  and  iron.  It  tbrms 
■  ^'alualJe  ore,  and  is  easily  re<luced.  In  the  year  1860,  4857 
^f^  of  zinc  were  extracted  from  Eiiglirfi  mines. 

^()3)  Ertractwn  of  Zinc  frtmi  its  Orex. — In  the  extraction 

J*' 2inc,  whether  from  hleude  or  from  eahiuiiue,  the  ore  is  crushed 

'ietw-(.eii  rollers,  and  undergoes  a  process  of  roasting;  in  the  case 

*"    blende  a  preliminary   inechanicid  treatment   is  required,   in 

^•^lor  to  separate  the  galena  iis  cnmpletely  as  possible,  fts  the 

r^'^JSence  of  lead  would  occasion  rapid  deiitructi{>n  of  the  crucibles 

aiiririg  the  subsequent  reduction  of  the  metal.     Tlie  roasting  of 

'nonde  is  tedious,  and  recjuires  to  be  curefidly  jierformed  ;  the 

^'i^plmr  bnrns  away  as  suliihurous  anhydride,  and  the  zinc  be- 

coinos  oxidized ;  2  ?5nS  -|-  3  O,  yield  2  'InB  +  2  SO,.     Calnmine 

^Wsri  vii'lds  oxide  uf  zinc  wlu'n  nmsted,  whilst  carbonic  anhydride 

■••^d  water  are   expelled.     The   roaste<l  pre   from  either  source 

Y"  mixed  with  half  its  weight  of  pnwdeared  coke  or  anthracite,  and 

intriKhiced  into  crucibles  of  peculiar  construction.     The  method 

?f  reduction  practised  in  England  offers  one  of  the  few  instances 

*'J  which  distillation  jter  descenmim  is  still  practised: — a. circular 

^^rnaee,  somewhat  similar  to  that  used  in  making  glass,  is  em 

pJoyed :  -in  this  furnace  eix  large  clay  crucibles,  (three  of  which 
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are   represented   in    the   sectioa   at  a,  a,  a,  fiff.  342,)   e»cL  4. 
feet  higli  and  2^  foet  in  diatnet«r,  are  arranged,  three  on  each  eide 
<»f  the  tirehars ;  one  of  these  cnicihles  is  shown  in  si*ction  in  iJiol 
tij^ure.     In  the  bottom  of  eivch  crucible  is  iin  ojiening,  and  to  tliiiJ 
is  attached  a  aliort  iron   pipe,   Mdiich  possee  out  throuj^Ii  tht»] 

bottom    of    tiiv    fVir- 
^*'  ^*'^-  nace ;     to    tJiis    iron  I 

tulje  a  second  wider 
tube,  b,  al>ont  eij^htj 
feet  long,  is  faf>teued| 
in  such  a  inttnner  m| 
to  be  readily  remov- 
able;    bent'iith     the  I 
open  end  of  tlii?  tube 
a  sheet-iron  vi^^^m?!,  r, 
is  placed  to  receive  j 
tlie   zinc,     Tlie    bot-i 
torn   of  the   craciMc 
is  then  ItMwely  plui{-| 
gcd  with  hiJ'jrc  piecf«i 
<if  coke,  Kti<i  iicliiuiMJ 
contuinint;  fiMiu  4  to] 
r>  %  5  ewt.  of  the  uiixlur«l 

\u\  of  caleine<l    ore   Mnitj 

coal  is  intivdueedl 
into  each  pot, 
the  cover  is  cjirui 
lilted  on.  CariMm? 
oxide  is  first  cvolv-l 
ed  i^biHKhintly,  Mml] 
bnnifl  with  a  bin* 
iininc  at  the  inoathl 
of  the  short  iron  IuImh 
in  A  few  hours  the  colour  of  the  iiame  changes  to  lirown,  wheiy 
the  cadiuiuiii,  which  is  more  volatile  than  zinc,  crimes  over, 

may   be  condensed.     When   the   colour  of  tlie   tlame   chi   

to  bluif^h-white  the  zinc  is  distilling  nearly  pure.     The   fituni 
is  then  extinguished  by  attaching  the  longer  tube,  and  the  metalj 
IxH'.otncs  condensed  pai'tlvin  powder,  jiartly  in  stahic.titic  tnuc^cs 
and  falls  down  into  the  iron  vessels,  c,  r,  plact^d  for  its  n'r""''>'" 
The  zinc,  being  volatile  at  very  high  temi>eratare»,  boils 
tils  m  the  operation  i)rocceds.     In  order  to  prevent  the  iii"-.  ", 
from  becoming  choked,  it  is  i»ccaaionally  removed,  and  tlio  zuxo 
detached  from  it.     Tiie  crude  metal  is  niitis;U'd  with    i 
of  oxide  ;  it  i«  therefore  re-nielted,  skimmed,  and  ca»*i 
or  (if  intended  for  rolling)  into  Bheeta,  and  then  laminuitHl  ui 
temperature  of  about  25U°.     Calamine,  which  contains  if2 
cent,  of  metal,   does  not  yield  on   an  average  &\h>\v  30;   ilic 
greater  part  of  the  silicate  of  zinc,  wltich  calamine  almost  ftlw«j^ 
contains,  escaping  doctimposition. 

(703)  In  Silesia  tin     '    i    '  .:".      '    cflected  fai  iuuffle-«1ia 
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eartlien  retorts,  wbic-li  are  raiiweil  in  two  rows  on  the  Hanie  plane 
in  a  Iittiw  f'nnmce,  lisuk  tr>  Itiu-lc :  the  onter  end  c>l'  each  rctoit  is 
j)ruviile<l  witli  twti  a|ieilures;  the  h)WL*r  one  is  L'iniilnycfl  for  in- 
triMhjfintj  tlie  cliarge,  ami  is  aftprwards;  caretully  Uitt'd  up,  whilst 
tho  ui)]>er  one  is  for  receiving  a  bent  earthen  pipe  which  carries 
ott'thf  metal  a*  it  distils. 

(704)  In  Uelginin  tho  dii^tillation  is  managed  quite  differently. 
Tlie  ore^  treated  in  that  country  are  of  two  kiniU,  both  ix'curring 
in  a  matrix  of  day  al)ove  a  bed  of  dolomite:  one  is  a  red  variety, 
(jtrntaining  alnjut  33  per  cent,  of  zinc,  with  a  ijootl  deal  of  oxiae 
of  iron,  but  admitting  of  re<lucti*iM  at  a  moderate  temperature; 
tJie  other  ha  white  ore,  also  a  calamine,  which  contjiiiis  about 46 
per  cent,  of  zinc,  and  requires  a  much  higher  temperature  for  itd 
pt«ducliori.  These  two  specieis  of  ore  are  Kept  dii?tinet  from  each 
other  during  the  process  of  smelting.  The  calamine,  having  been 
washed  to  remove  the  elav,  is  roasted,  during  which  operation  it 
lo^^  alKuU  2.1  per  cent,  of  water  and  carbonic  anhvdride.  After 
thi'ri  it  h  reduced  to  a  line  powder,  and  thoroughly  mixed  with 
lialf  !tt<  weight  of  coal  dust:  this  mix- 
ture is  then  introduced  int<t  clay  Fia.  343. 
retorts  aI)ont  three  feet  eight  inches 
]ontr  imd  six  inches  in  diameter; 
ettc.^i  retort  is  charged  witli  about 
40  lb.  of  the  mixture  of  coal  and 
Toa.atf<l  ore.  Forty-two  of  these  re- 
torts are  lurangeii  in  an  archetl  fur- 
nace, in  rows  of  six,  placed  one  above 
another.     The   backs   of   the   retorts 

ic,  tiu. 
slightly 
liiglier  level  than  the  open  extremi- 
ties, which  rest  in  front  upon  iron 
plates,  /',/'.  To  each  retort  an  open, 
somewhat  conical,  csist-iron  pipe,  c,  is 
luted ;  this  serves  as  a  receiver  for  the 
distilled  metal,  and  upon  each  of 
thcj^e  receivers  is  fitted  a  second  re- 
ceiver of  sheet-iron,  D,  with  an  open- 
ing at  the  extremity  for  the  es- 
cape of  gae.  The  tire  by  which 
tho  retorts  are  heated  is  shown  at 
JL  In  snch  a  fnrmu'e  two  charges 
may  l>e  worked  off  in  twenty-four 
hours.  During  the  operation  the  small 
adajnei-s,  i>,  D,  are  withdrawn  once  in 
two  hours,  and  the  liquid  zinc  which 
ItKS condensed  in  the  receivers  is  raked 
out  into  a  large  ladle  and  cast  into       ; 

ingots.     When  the  distillation  is  com-       '  ^ 

plele,  tho  residues  in  the  retorts  still 
ntain  nearly  2o  per  cent,  of  zinc,  which  i&  chieily  in  the  form 


re*t  on  notches  in    the  wall,   ic,    tit 
343,  and  are  supported  on  a  slightly 
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of  eilicftte;  this  T>ortion  is  entirely  wasted  (Plot  and  Mnnffl 
Ann.  (ft'-<t  M!/ie«,iy.y.  1(>5). 

The  retorts  in  the  upjMjr  part  i>f  such  a  ftimace  news 
receive  less  lieat  than  those  in  tlie  lower  part,  and  hence  thi*[ 
cess  is  pnrticuhirly  woU  jwlapted  to  the  Belijiiin  ores,  betrjiiuel 
jM>i>rer  »in«^^,  whirli  reijuire  lets  heat,  cau  bo  employed  in 
ing  tlie  upiior  retorts. 

(7<i."i)  i*i'f-juirii(ion  of  Pxtrs  Zinc. — Commercial  einc  runt 
a  etiuill  amount  of  lead  and  of  iron;  minnte  <iiii»ititie6  of  tinj 
caditiiiiiii  are  also  often   present,  besides  oeca8ionally  trarcal 
arsenic  and  of  copi)er.     Carbon  is  also  meutioiie<i  Rra^»ng  its  ii 
ritics.  but  Eliot  and  Storer,  in  their  elaborate  exaniinfttioii  «f^ 
ordinary  impurities  of  this  metal,  did  not  find  it  in  anv  of  thai 
Biieeinieiis  which  they  examined,  tliongh  traces  of  i-ulpli 
always  |»resent.     The  I»est  method  of  obtuinin{f  the  nu 
state  of  purity  ponsii*t«  in  transmitting  suljdiuretted   li 
tliMujrh  a  strong  and  somewhat  acid  solution  of  sulphate 
tilteriug  from  any  preeij)itate  whieli  may  be  formeti;  mtkI  alter 
boilinj;  the  Kohition,  in  order  to  expel  the  sulphuivtted  ll^.l•^.•^'^ 
preeipitrttinfT  the  zine  in  the  form  of  carbonate  by  the  w\ 
carbonate  of  sndium.     The  carbonate  is  t«»  be  vvaslied  hthi  r>.-«ji«- 
eolved  in  jnnv  suljihuric  acid  anil  submitted  to  electrolytic  ^i'^rtira- 
posititm,  or  else  the  dried  carbonate  may  l)y  itrnition  lje 
ed  into  oxide  of  xino,  which  must    he    distilled    in   a  ]■ 
retort  with  charcoal  i)repared  from  loaf  su^nr. 

(TO(i)  Projteriies. — Zinc  is  a  hard,  bluish-white  metal,  w 
when  a  nuiss  of  it  is  broken  acrosfl,  exhibits  a  l)eautiful  ervst 
fracture.     It  is  rather  brittle  at  ordinary  temperaturesi,  but  l»et 
2oi)^  and  ;{IH)",  it  is  ix>esessed  of  considerable  ductility  and  malle- 
aliility,  iumI  it  may  be  laminated  and  wrou^lit  with  ease:  atRttto- 
jiciatuic  a  little  hij^her  tlian  this,  it  ajridn  becomes  so  l>rittle  that 
It  may  be  pulverized  in  a  mortar.     It  fuses  at  ITS'',  and  at  a  bright- 
red  hctit  it  maybe  volatilized:    the  temperature  of  it©  U«ltn* 
point  is  estimated  by  Deville  at  l^di*^  F. :  if  its  vapour  l»eexpo»ed 
to  the  air,  it  burns  with  <rreftt  splendour  and  ie  converted  into 
oxide,  which  is  deposited  in  copious  white  tioccnli.     Zinc  woo 
taniisiies  when  exposed  to  a  moist  attnosphere,  and  W'c«iim>5  oov- 
erc<l  with  a  thin,  cli>sc!y-adliorinn;  film  of  oxide,  by  which  tlie  nietlil 
beiiealb  is  protected  from  further  change.     This  property  rendm 
zinc  valuable  fir  a  variety  of  ecvmomical  and  domes^tic  ]»nrjv)eei, 
It  combines,  however,  readily  at  ordinary  temperatures  with  chlo- 
rine, brojuihc,  and  inline,  if  moistened  wnth  water;  it  is  als<.>  easily 
attacked  by  all  the  mincnil  acids,  and  is  enii>loyed  to  de<-otnpiiM 
diluted  sulphuric  acid  when  hydrogen  is  rcquiretl.     Afitronffiohi 
tion  of  jHttash  likewise  nets  upon  zinc  if  lM)iled  w>on  it;  hydr 
being  liberated,  whilst  the  zinc  is  diss<:)lved  in  tlie  alkaliu«« 
tion  ;  75n-f  2  KIIO  becoming  U,  +  K,f),74nO.     Zinc  jjreciidi 
most  of  the  basylous  inctHls  lees  oxi<lizable  than  itself  m 
metallic  state  from  tlieir  solutions. 

("07)    Uses. — The  uses  of  zinc  are  daily  extending.     From  it*] 
durability,  cheapness,  and  llghtneeii,  it  is  frequently  employed  ~ 
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itute  for  lead  in  roofing.     It  is  employed  as  the  oxidiztible 
al  in  the  constniction  of  the  voltaic  battery.     Sheet  iron  coated 
ic,  or  gali'iimsed  iron  iis  it  i*  otteii  called,  is  also  used  for 
the  iron  gives  strength,  whilst  the  zinc  protects  it  from 
J,  and  it  is  not  combustible  like  zinc  alone.     Galvanized 
prepare<l  by  cleaning  theet  iron  thoroughly  as  in  making 
ilate  (fill),  anil  j*hinging  the  metal  into  a  liath  of  molten  zinc, 
with  wil  aniiuoniac;   the  surt'iice  of  the  zinc  is  by  tliis 
kept  free  from  oxide,  which  is  dissolved  by  the  sal  amnio- 
aud  the  two  metals  unite  rea«lily.     A  tougher  and  f5uperior 
le  is  obtained  by  tiret  coating  the  iron  plate  with  a  very  thin 
of  tin  by  a  voltaic  action,  and  tlien  immersing  the  metal  in 
\  melted  zinc. 

ic  ba*  a  considerable  power  of  dissolving  iron,  in  conseqnenc© 

ich  it  corrmlot*  the  iron  pots  in  whit-h  it  is  melted :  an  alloy 

with  a  small  proportion  of  iron  is  formed,  wliich  is  less 

ible  than  zinc,  and  crystallizes  in  large  plates  on  cooling. 

Zinc  forms  several  valuable  alloys.    Of  these,  brass  is  the  most 

)rtant:  it  oonsists  of  about  2  parts  of  copper  to  1  of  zinc. 

lan  silver  is  brass  containing  a  portion  of  nickel,  to  which  its 

t«  colour  is  due.     Of  late  yeara  zinc  in  powder  has  been  cm- 

as  the  basis  of  a  j>igment  well  adapted  to  resit^t  the  action 

the  weather.     Oxide  of  zinc  has  likewi.se  been  subttituted  for 

lead  witli  advantage  in  tlie  preparation  of  glass  for  optical 

(599). 

(708)  Oxide  of  Zinc   (Zne=81,   or  ZnO=40-5);    Sp.   6r. 
812:  Compimtian  in  \m  parU,  Zn,  80-39;  0,  19-61.— It  is  pos- 
tlie  iilm  which  is  fonne<l  upon  the  surface  of  metallic 
\p<j6ure  ie  a  sutvoxide;  but  only  one  well  ascertained 
^iile  uJ  the  metal  is  known,  and  this  is  regarded  as  a  i>rotoxide: 
i).icide  is  occasionally  deposited  in  furnace  fines  in  yellowish 
i-sided  prisms;  ])Ut  it  is  generally  obtained  in  the  form  of  a 
liite  flocculent  ]>owder.    If  zinc  be  thrown  in  small  quantities  at 
time  into  a  capacious  clay  crucible  previously  heated  to  white- 
»,  it  bums  with  a  brilliant  flame  and  deposits  large  white  flakes 
lie  oxide;  l>ut  when  thus  ]irepared,  it  is  mej-hnnically  mixed 
^hparticles  of  the  metal,  from  which  it  may  be  separated  by 
tion   with   water;   the   heavier   metallic  portions  subside 
;lv  and  leave  the  oxide  in  suspension.    The  process  of  mann- 
ing this  oxide  when  it  is  ro<iuired  as  a  pigment  known  as 
"iklU,  oonsipts  in  distilling  zinc  from  clay  retorts  into  chani- 
Jirough  which  a  current  of  air  is  maintniiicd.    The  volatilized 
bums  at  the  high  temperature  to  which  it  is  exposed  under 
btfe  circumstances,  and  the  oxide  is  deposited  in  a  series  of  con- 
flenf^iiig  chambers.    It  has  been  attempted  to  introduce  this  white 
•ipiK'iir  as  a  substitute  for  white  lead,  but  though  the  colour  is 
luanent,  and  of  a  pure  white,  it  does  not  combine  chemically 
the  oil  necessary  as  vehicle  for  distributing  the  colour,  and 
it  soon  peels  ofi",  and  allows  moisture  to  penetrate.     An 
opure  oxide,  sold  under  the  name  of  t^diy^  is  obtained  from  the 
I  uf  furnaces  in  which  brass  is  melted. 
30 
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Oxide  of  zinc  Ijeeojnes  yellow  when  li<"i»'^''   ^>nt  reeorot^ 
whitene^is  as  the  tc'iiinenitiire  falls.     It  is  i  lultlc  in  a«.'i>| 

The  Imlratefl  oxide  {j6nO,Il.^<>)  is  precipitaH'i 
of  the  salts  of /inc  bv  the  addition  nf  hydrate  o: 
a-*  well  as  by  ammonia ;  it  is  rcdissulved  by  an  cxouw  yf  tliu  i 
line  liquid. 

(Toy)  ScT-PHroE  of  Zixc:  BhiuU  ^%nS  =  97,  or  ZnS  = -tS-il 
^j).  Or.  4-1 :  Comp.  in  l(.»0/w;-/«.  Zn.  fi7'14;  S,  SS'Sfi.— T  ' 
]H«ind  is  one  of  the  most  abundant  mineralsi  of  srinc.     Wh« 
it  is  of  ft  pnle-brown  colour,  but  generally  it  is  nearly  blocl 
admixture  with  Bnlphide  of  iron.     It  sometimes  occurs  ni 
but  is  usinilly  crystallized  in  rhi>mbic  dt>decahe<ira,  thoutrUi 
cui-s  in  other  forms  of  the  regular  system.     Metallic  ?:inc  d 
unite  readily  with  sulphur:  but  if  Seated  rapidly  ii 
cinnabar  (i>r  sulphide  of  mercury),  the  mercury  i*  v. 
ftulpliide  of  zinc  is  formed  with  almost  ©xph^ire  violence. 
phide  of  zinc  does  not  fuse  when  heated:  when  roasted  in  the  i 
It  al.)Sorb3  oxygen ;  at  a  low  temneraturo  a  large  p<>rtioii  of 
converted  into  suljihate  of  zinc,  but  at  a  higher  teii 
]>hurous  aidjydride  is  formed,  and  oxide  of  zinc  is  i 
phide  is  only  slightly  attacked  by  puljiliuric  and   liyiliuclil 
acids,  but  nitric  acid  and  aqua  reojia  dis^nlve  it  readily.     W 
the  salts  of  zinc  are  mixed  with  sulphide  of  amuKuiiuni,  a  whilj 
gelatinous,  hydrated  sulphide  of  zinc  is  precipitated,  whicJi  al* 
oxvgen  quicKly  from  air,  and  is  readilv  dissolved  by  acids. 

'  (710)  CiiLORroEOFZiNc(J5nCl,=l.SR,  orZnCU     '^       ■<r 
2"753. — This  salt  may  be  procured  by  heating  the  ' 
Hue  gas,  but  it  is  generally  obtained  by  'i 
hydrochloric  acid;  tlic  acitl  is  decomptsed. 
The  zinc,  fonniug  chloride  of  zinc,  whicli  is  retained  in  i^i 
whilst  its  hydrogen  oscajjcs  in  the  gaseous  form.    Wli.-n  \\.\% 
tion  is  heated,  it  loses  water  till  the  teni]>erature  ri  '1 

then  becomes  anhydrous,  but  remains  fluid,  and  niH\  i>r  m- 
above  700°  without  emitting  an  inconvenient  amount  f«f 
hence  it  is  sometimes  employed  as  a  liot-bnth  for  malut 
objects  at  a  hiijh  but  measurable  and  regulatwl  temperuttir 
a  retl  heat  it  distils.     I'ure  chloride  of  zinc  is  a  white,  vci 
<picscent  substance,  fusible  at  about  212° ;  it  Is  powerfully] 
aive  when  ay>plied  to  the  skin.  Under  the  n;\me  oi  Burn  fit 
infecUng  Fluid,  its  solution  has  been  largely  used  as  an  antn  ^ 
and  as  a  preservative  of  wood  and  vegcfable  fibre  ugainst  Je 
ChlunMo  of  zinc  is  soluble  in  alcohol. 

Chloride  of  zinc  absorbs  atnmc»niacal  gas  freely.    It  al»Ai 
with  oxide  of  zinc  in  several  proi^ortions,  nttd  !  l| 

oxychlorides.     Chloride  of  zinc  lorms  double 
rides  of  the  alkaline  metals;  a  concentrated  »;ohuion  (»f  the 
chloride  of  zinc  and  ammonium  {"1  H,!S'('l,Znf'I  »  '-^  ■'-"■< 
purpose  of  removing  the  tilm  of  oxide  from  tht  ii 

such  as  zinc,  iron,  or  copper,  which  arc  to  be  uuafu 
ration  of  soldering. 

(711)  ScLpnATE  OF  Zi»c  (Zm-        ~  TT,0  =  161  -^  liti. 


IOK4.TE,    AND   CHARACTEES   OF  THE   SALTB   OF   ZDia 


40'i 


',  .  7  no  =  80-5  +  63  ;  i^p.  Gr.,  anhjdrom,  3-681 ;  cnjst. 
11)  is  obtained  in  large  quantities  as  a  rcsiflue  in  the  ordinary 
cess  of  procnrino;  hydrogen  by  the  action  of  dihited  snlphnric 
1.  It  may  also  be  prepared  l)y  roasting  sulphide  of  zine  at  a 
'  temperature,  lixiviating  the  mass  and  crvetuliizing.  It  crj's- 
izcs  m  colourless  four-sided  prisms,  which  constitute  the  white 
'id  of  commerce.  In  a  dry  air  it  is  efflorescent ;  it  is  soluble 
l\  parts  of  water  at  00°,  and  melts  in  its  water  of  crvstalliza- 
\  when  heated;  it  may  be  obtained  crj-stallized  with  6,  5,  2, 
I  1  atom  of  water,  by  varying  the  temperature  at  which  the 
ftals  are  allowed  to  be  formed.  Sulphate  of  zinc  is  used  medi- 
nlly  in  small  doses ;  it  is  likewise  prepared  largely  tor  the 
printer.     It  forms  double  sulphates  with  potassium  and 

raonium,  whicii  crystallize  with  6  H.O.     Several  basic 
of  zinc  may  also  be  ol>tained. 

)  Caebonate  of  Ztxc  (ZneO,=125,  or  ZnO.CO,=62-5 ; 

4-4:  Comjx)Hitlon  in  Uk)  jMtrts.TfinB,  64-8;  00„  35-2  ;  or 
,52;  CO,,  4S)  is  found  native,  both  massive  and  crystallized, 
forms  derived  from   the  rhombohedron.      It  is  usually  of  a 
iah  or  yellowish  colour,  fonuing  one  variety  ofcaJaminf,  which 

amed  from  its  ])roperty  of  ndhci-ing,  after  fusion,  in  the 
of  reeds,  to  the  base  of  the  furnace.  It  readily  loses  car- 
mic  anhydride  when  ignited.  No  neutral  carljonate  of  zinc  can 
!  obtained  from  the  salts  of  the  inotal  by  double  decomposition. 
Tien  a  hot  solution  of  a  s.ilt  of  zinc  is  precipitated  by  a  boiling 
>lution  of  an  alkaline  carbonate,  a  hydrated  oxycarbonate  is 
irraeti,  consisting  of  (S  /?nO,30O, .  C,  U\0 ;  Schiudler),  Several 
ther  biisic  carbonates  of  zinc  may  be  formed. 

The  other  variety  of  calamine  becomes  electric  by  boat ;  it  is 
hjdrated  orthosilieate  (Zii,Sie,,II,e,  or  2  ZnO,  SiO,  .  IIO).  _ 

(713)  Characters  of  the  SvU-ts  of  Zmc. — The  salts  of  zinc 
re  colourles*; ;  their  solutions  have  an  astringent,  metallic  taste, 
nd  act  rapidly  and  powerfully  as  emetics, 

Tliey  iu-e  <li>tingui>lied  by  giving  no  precipitate  in  acid  snlu- 
ifiij  with  ■fittphurctU'd  hi/drofien.,  though  the  acetate,  v\cn  wlien 
cidulated  with  acetic  acid,  gives  a  white  hydrated  sulphide  Mhen 
l«  gas  is  transmitted:  they  yield  a  white  hydrated  sidpliide  of 
Jicv'ith  »uJp/iide  of  ammoniutn  ;  a  white  hydrated  oxide  with 
jo(a»h,i>odu,  or  aTumonia,  soluble  in  excess  of  the  alkali;  a  white 
MJe  carbonate  of  zinc  with  the  etnhonates  of  the  alkali-inetah, 
plulile  in  excess  of  the  solntiun  of  carbonate  of  ammonium,  but 
|j»t  in  that  of  the  cai-bonates  of  pota.-;sium  or  sodium  ;  they  also 
jielfl  a  white  precipitate  with  fefri)e>/iinidf'  of  jyot^Msimn. 

Before  the  bhncpipe,  in  the  reducing  flame  on  charcoal,  the 
Ittal  is  reduced  and  volatilized,  burning  into  white  fumes  of  oxide 
'rinc.  If  placed  on  charcoal  and  moistened  with  a  solution  of 
itrate  of  cobalt,  the  compounds  of  zinc  when  heated  in  the  oxi- 
Ming  flame  leave  a  green  residue,  which  is  not  fusible. 

(714)  Estimation  of  Zinc. — Zinc  is  best  precipitated  for  ana- 
18  by  carbonate  of  potassium,  tlie  whole  sedation  l>cing  evapo- 
ted  down  to  dryTiess;  the  residue,  which  contains  the  carbonate 
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of  zinc,  ia  washed  with  boiling  waterj  dried,  and  convertd.] 
ignition  into  oxide  of  zinc,  which  ia  i^eighei    The  t>5atie 
tains,  in  100  parts,  80'39  of  zinc.    If  ammoniacal  salts  bepm 
an  excesf^  of  the  carbonate  of  potjinsitim  should  be  used  enmcte 
decompo8«  the  i?alts  of  aiximomum  completelt,  the  ammoiiiQin  \ 
wholly  expelled  as  carbonate  during  the  process  of  evapo 
The  roregoing  procese  is  not  applicable  to  the  s^mr&tioa  i 
from  any  bat  the  alkahne  nietak. 

(715)  Separatum^  sine fFomtheAlkoiiei  and  Alkaline  1 
— This  may  be  eft'ected  by  the  addition  of  sulphide  of  amntonii 
to  the  solution  after  it  has  been  neutralized  brammoma;  tiiei 
is  thus  precipitated  as  liydrated  sulphide  :  it  mtist  be  washed  i 
a  solution  of  sulphuretted  hydrogen,  to  prevent  its.  osidation,! 
redissolved  in  hydrochloric  acid,  and  e%'aporated  to  drynesa  i 
excess  of  carlwnate  of  sodium  i  the  soluble  salts  most  be 
from  the  carbonate  of  zinc,  which  is  to  be  eonverted  into  i 
by  ignition,  and  then  weighed. 

The  separation  of  sine  f mm,  (dwTninutn,  and  glucin'um  may] 
effected  by  diBsolring  all  the  bases  by  means  of  an  excess  oft 
potash,  and  adding  sulphide  of  ammoniiini :  in  this  eaee  salf 
of  zinc  is  alone  precipitated :  it  may  be  coUeeted  and  iti  amo 
determined  in  the  manner  just  described. 

§  m.  Cadsoum:  6d"-112,  or  (Cd-56);  Sp.  Gr.  S'fl  to 
BoUmg-pt.  1580° ;  oaiculatMSp.  Gr.  qfmpmn',  3'8t)9 :  ofa. 
Sp.  Gr.  3*94;  Atomic  ciTid  Mol.  Vol.  of    Vapour^l   \  \* 

(716)  Cadmr™  was  discovered  by  Stroraej-er,  in  1818.  Il» 
occasionally  ibimd  as  sidpliidu  of  caduiium,  accompanying  the  orel 
of  zinc,  and  is  obtained  a,*  an  accidental  product  during  the  ei- 
traction  of  the  latter  metal.  Being  more  volatile  than  zinc,  iIm 
greater  ptirt  of  the  cadmium  eublimes  among  the  first  portiomaf 
the  distilleil  metal,  from  which  it  may  be  extracted  by  disoolring 
them  in  sulphuric  acid,  and  precipitating  the  cadminm  as  snlpluJe 
by  means  ol  fiulpbnrctted  hydrogen  ;  the  sulphide  may  be  dissolved 
in  strong  hydrochloric  acid,  precipitated  by  carbonate  of  amffl* 
nium,  and  retiuced  in  an  eartheru  retort  by  ignition  with  charawl; 
the  metal  distik  over  at  a  heat  below  redness. 

,  Cadmium  is  of  a  white  colour,  resembling  tin,  and,  like  it» 
creaks  when  a  rod  of  it  is  bent ;  it  is  so  soil  that  it  lea^'es  Iw 
traces  upon  paper,  andpossesisea  considerable  malleability  iinddoeKi 
tility:  when  heated  to  aboat  ISO'',  it  become  very  brittle,  ind 
may  be  powdered  in  a  mortar  with  facility.  Cadmium  fiisea  i^. 
442°,  and  may  be  obtained  in  oetoliedral  crystals  as  it  cools.  In 
the  atmosphere  it  undergoes  little  change,  but  when  thrown  iqW 
a  red-hot  crucible  it  takes  fire,  depositing  brownish-yellow  fiiniw 
of  oxide.  It  is  dissolved  with  evolution  of  hydrogen  when  heated 
in  sulphuric  or  hydrochloric  acid  slightly  diluted ;  nitric  acid  dis- 
solves it  still  more  freely. 

*  This  vapour  (as  well  probably  as  that  of  dnc  and  the  other  metillio  dy*^)'* 
anomaloas  in  volome,  1  atom  of  each  metal  ^ieldin^;  2  volomea  instwd  of  I  volaiat 
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I  Midition  of  cadmium  to  the  more  fosible  metals  generally 

I  an  alloy  of  low  fusing-point,  without  deBtroying  the  tough 

rmalleapility  of  the  compound.    An  aUoy  consisting  of  15 

of  bismuth,  8  of  lead,  4  of  tin,  and  3  of  cadmium  iur- 

ft  ailver-wliite  alloy  of  sp.  ^.  9'4 :  it  softens  between  131° 

'-140**,  and  at  about  140°  F.  is  completely  liquid;  it  expands 

'  I  as  it  solidifies.    This  alloy  is  somewhat  ductile,  and  may 

1  readily  without  clc^ng  the  tool :  it  preserves  its  brilliancy 

I  air.    .^  alloy  consisting  of  1  part  oi  cadmium,  6  parts  oi 

.and  7  of  bismuth,  melts  at  180  . 

HT)  OxTOB  OF  Cadmicm  (edO=128,  or  CdO=64;  Sp.  Gr. 

i_:  Oomp.  in  100  jHtrtSy  Bd,  87'5 ;  0, 12-5.— This  oxide  is  ob- 

a  brown  anhydrous  powder,  by  burning  the  metal  in  air, 

'  isniting  the  nitrate  of  cadmium ;  it  is  not  fusible  or  volatile 

B  mmace.    A  white  hydrated  oxide  of  cadmium,  OdO,H,0, 

'  be  obtained  by  decomposing  its  salts  by  a  fixed  alkali ;  ara- 

ia  in  excess  redissolves  it,  but  the  hydrates  of  potash  and  soda 

I  no  such  effect ;  even  the  anhydrous  oxide  is  soluble  in  am- 

Carbonate  of  ammonium  does  not  dissolve  oxide  of  cad- 

either  in  the  anhydrous  or  the  hydrated  form. 

SuLKHiDE  OF  Cadmixjm  (OdS=144.  or  CdS=72)  constitutes 

mineral  known  as  OreenocTdU^  wnich  occurs  crystallized  in 

»dded  prisms.    It  may  be  formed  artificially  by  transmitting  a 

of  sulphuretted  nydrogen  through  a  solution  of  a  salt  of 

ium ;  it  greatly  resembles  orpiment  in  appearance,  but  is 

fifSttingnished  from  it  by  its  want  of  volatility  wien  heated,  and 

•limits insolubility  in  ammonia  and  in  the  sulphides  of  the  alka- 

.  me  metals.    It  forms  a  bright  yellow  pigment  highly  valued  both 

Ibrthe  purity  and  permanence  of  its  tint, 

Chlobide  of  Cadmium  (OdCl,,  2  H.e,  or  CdCl,  2  HO)  crys- 
Mizes  easily.  The  iodide  (sp.  gr.  4'576)  may  be  also  ootained 
iridiont  difficulty  in  crystals  which  have  a  pearly  lustre.  It  is 
mhydrous,  and  fuses  readily  on  the  application  of  heat.  This 
idt  is  easily  obtained  by  digesting  metallic  cadmium  in  water 
*ifli  fiiee  iodine,  and  evaporating  tlie  solution  ;  it  is  employed  for 
\  iodizing  collodion  for  photographic  purposes  (1018) 

(718)  Chasactebs  of  the  Salts  of  Cadmium.  —  The  salts  of 

«»dminm  are  colourless,  and  resemble  those  of  zinc.    They  may 

iMieadily  distinguished  by  the  yellow  precipitate  df  sulphide  of 

>  ttdmium  which  they  yield  with  sulphuretted  hydrogen  in  acid 

:  Wfetions ;  tins  precipitate  is  insoluble  either  in  ammonia  or  in  the 

iDoJine  sulphides,  or  in  cyanide  of  potassium,  but  soluble  in 

.  baling  diluted  sidphuric  acid.    Hydrates  of  potash  mid  soda 

^e  a  precipitate  of  white  hydrated  oxide,  insoluble  in  excess  ; 

•  ^MnoMa^  a  similar  precipitate  very  soluble  in  excess  ;  carbonates 

^VOtasstimiy  sodium,  and  amanonium,  a  white  carbonate,  inso- 

™we  iu  excess ;  oxaUc  acid,  a  white  precipitate,  soluble  in  am- 

^^i;  ferrocyanide  of  potassium,  a  yellpwish-white  precipitate, 

ioluble  m  hydrochloric  acid. 

Bifore  the  Hot^pe  they  are  decomposed,  and  on  the  cool 
(irt  of  the  eharooai  a  ring  of  brown  oxide  of  cadmium  la  depoa- 
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ited,  due  to  the  reduction  and  subsequent  ootnlinitdon 

niftal. 

Estimation  of  Cadmium. — Cadmium  is  readily  efpar 
all  the  foregoing  metals  by  the  actioti  of  euiiiiuifX'ttcd  I 
which  causes  a  precipitate  of  the  veliow  sulphide  of 
from  an  acidulated  solution  of  its  salts.     This  precii' 
solved  in  nitric  acid,  decoiujKiscd  by  an  exccc-ri  ot 
sodium,  evaporated  to  dryness,  washed  from  the  eoln 
tlie  resulting  carbonate  of  cadmium  is  heated  to  redi 
it  is  converted  into  oxide ;  it  is  then  weighed :  100  grains  oj' 
ide  of  cadmium  contain  87'5  of  the  metaL 
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The  metala  of  tliia  claM  include  those  which  are  - 
magnetic;  uranium,  however,  appears  to  be  diamaffnetic.     Ttir* 
decompose  water  at  a  red  heat,  and  are  soluble  witli  evolution   .f 
hydrogen  in  hydrochloric  and  diluted  sulphuric  acid.    T 
several  oxides,  two  at  least  of  which,  except  in  the  case  > 
and  nickel,  are  soluble  in  acids.     Sulphuretted  hydrogen 
tions  acidulated  Avith  the  mineral  acids  diaes  uot  pi. 
metals  of  this  group.     Corresponding  salts  of  the, 
isomorphons  ^see  page  291). 

§  I.  Cobalt  :  Bo"  =  59,  or  Co  =  29-5.    Sp.  Or.  8-i)5. 

(719)  Cobalt  appears  to  have  l>een  first  recogni^ied  as  :: 
tinct  metal  by  liranJt,  in  17H3.     It  generally  occun?  in  coul 
tion  with  arsenic,  as  speiss-cobalt  or  tin-white  cobalt  (OoAii  ~ 
occasionally  it  is  foimd  :is  cobalt  glance;,  w' "  ' 
the  arsenide  and  the  Hulphidf*  of  the  metal 
is  ne\'or  met  with  in  the  native  htate,  except  ;l-.  an 
meteoric  iron  in  small  proportion.      The  black  o 
found  to  some  extent  in  the  Wcj-tern  Statt-s  of  .A : 
with  the  sulj>lu<le  of  cobalt  and  with  variable  I>i"»J' 
oxldea  of  nickel,  manganese,  iron,  and  uoptKT.     Th 
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metal  occur  clilefly  in  tlio  primitive  rocks,  nnd  are  nsuallv  ven 
Ciin))>lic'utt*d;  tliey  contain  nickel,  iron,  and  often  bismutli  and 
0()]»jicr,  mineralized  either  bv  sulpliiu'  or  by  areenic,  or  by  both 

'OtK — ^It  IS  not  Cftdj  to  obtftiii  cobalt  in  a  state  of  purity. 
On  a  .-iitiall  ftciile  the  ore  nniy  be  trciited  as  follows: — It  is  tirr*t 
r«>astc<l  at  a  low  but  gradually  rising  tenipeniturc,  in  onler  to 
eX}>cl  the  greater  VKirtion  of  the  ai>i'ni<f ;  atVerwliich  it  is  dit^holved 
in  atpm  regia,  and  evaporated  to  dryness  to  expel  the  excess  of 
•cid  ;  it  is  then  redissolved  in  water,  and  a  current  of  sul]ihui'ctted 
hydrogen  is  trantujit.ted  through  the  solution.  IJii^nnith,  <'n]>per, 
and  the  remainder  of  the  a»*benioare  thus  pj'eoiiiit:»tedas^ul)!lii<les. 
The  filtered  liquid  is  boiled  to  exjxd  the  excess  of  the  gat?,  and  a 
elight  cxcfSn  ot  nitric  aci<l  is  added  to  tlie  boiling  liquid,  to  eon- 
vert,  the  ferroUH.  into  ferric  salts; :  when  cold,  it  is  diluted  and 
supersaturated  with  ammonia;  the  iron  is  precipitated  as  jier- 
oxide,  carrying  with  it  a  httie  conjnlt,  but  the  bulk  of  the  cobalt 
|remain»  dissolved,  with  any  nickel  which  the  ore  may  have 
I  contained. 

The  exact  separation  of  enbnlt  from  nickel  is  tedious.     Two 

Imethotb  huve  been  prcvposed,  one  by  Eose,  the  other  by  Liebig 

[(787).     Kope'fe  meth<xl  is  the    following: — The  two  metals  are 

tJjn»wn  down  from  the  anunonincid  liquid  as  suljihides,  by  the 

addition  of  sulphide  of  amin<tni\im.    The  sulphides  are  redissolved 

I  in  nitric  acid,  the  wdutinn  is  then  largely  diluted,  and  acted  iipon 

ihy  a  current  of  chlorine;  after  this  it  is  digested  in  a  closed 

▼e«»cl  for  12  hours  upon  powdered  carbonate  of  barium.     The 

i clilorine  converts  the  colmit  into  sewjuioxide,  which  is  gradually 

pnsMpitated  by  the  barium,  and  remains  mixed  with  the  excess  of 

oarb<inate  of  barium  employed.     This  precipitate  is  again  dis- 

goh<?<i  iu  hydrochloric  acid  ;  tiie  barium  is  i*emoved  by  addijig 

1  Bulpliate  of  s«idium,  and  the  cobalt  y>recipitated  as  protoxide  liy 

) caustic  soda:  the   precipitate  mu.st  then    be  well  washed  with 

Ixdliiig  water,  aiid  reduced  iu  a  current  of  hydrogen  gas,  which 

l«^ive;i  tbe  metid  in  the  fonn  of  a  Idack,  highly  magnetic  powder. 

[TVlieii  nickel  is  to  be  sejianited  from  eobalt  for  jjurjiosee  of  aiia- 

[Irsjs,  T.  II.  Henry  reconmiends  the  substitution  of  a  solution  of 

[hmuiine  for  chlorine  gas  in  the  foregoing  process.     l?roniine  may 

[  be  uhed  instead  of  chlorine  in  many  analogous  cases  with  great 

Convenicucc. 

If  ovi<|u  of  cobalt  bercduce<l  in  a  crucible  lined  with  charcoal, 
I  a  carbide  of  cobalt  is  fomied,  which  may  be  obtained  in  a  well- 
foi-od  button.     The  crucible  may  l>e  lined  with  charcoal  for  this 
purposo  by  dipjiing  it  into  water,  and  filling  it  completely  M-ith 
fluircoal  finely  powdered,  and  sutticiently  moistened  to  render  it 
[coherent   when    fii;mly  beaten  into   the   crucible;  a  cylindrical 
'cavity  if*  then  .scooped  out  tif  the  middle  of  the  inas.s,  and  its  inte- 
rior  is  carefully  smoothed    with    a  glass   rod,  after  which  the 
[  crucible  is  allowed  to  dry  slowly.     Cobalt  nearly  ]iure  may  be 
^pr<»cnred  by  heating  the  oxalate  in  a  covered  porcelain  crucible, 
etjcln-ed  Lu  a  second  eru'then  one,  with  the  cover  luted  down  ^ 
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the  cmcibles  aro  then  exposed  for  an  liour  to  tin- 

\\vtxl  of  a  forge:  a  wcll-fiiscU  button  of  cobwlt  mn;.  J| 

obtained  in  this  TnaiuuT. 

Properties, — Metiillic  cobalt  it»  nearly  as  infi'-'^'T.. 
ia  of  a  reddisli-grcy  colour,  is  biird,  and  stnmjT' 
ville  states  that  by  rodiUMng  tlie  oxalate  in  a  l-hk  ii>i- 
liine,  he  obtained  a  metallic  button  which  yi»'lde(l  a  wire  <»f  atei: 
city  nearly  double  that  of  an  iron  wire  of  r1  ""  rj 

is  dissolved  bio wly,  with  evolution  i>f  Iivdi  li 

and  dilute<l  ndpluiric  acids,  and  it  islVfelv  attacked 
when  exposed  to  the  atiuos])here,  it  liecomes  slowly  ^ 
ii\\dei.    Cobalt  ia  not  Uiied  in  tiie  metallic  state  in  tlie  artii. 
of  the  compounds  of  cobalt  are  remarkable  for  thu  bcaaty . 
brilliiiiicy  of  their  colour,  and  are  used  Hn  jtlgmcnts. 

The  alloys  of  Cobalt  are  niiimi>ortant.  Iti*  con 
ttvsenic  are  interesting,  as  they  supply  thegrejiter  par: 
emjiloycd  in  the  artis,  l^ln-iohik' a>)Mtll{{3^*Xi^,  when  pun-, 
tains  2S'57  iter  cent,  of  cobalt  and  7r43  of  arnouic;  but  i>ortii'n 
of  the  cobalt  are  frequently  displaced  l»y  nickel  and  iron.  Tiij 
])ure!4t  specimens  of  thiii  mineral  are  obtained  from  Tuiutlicrfl 
ore  from  this  lot-ality  is  the  best  ntat«>rial  to  einpl(»y  in  pr 
the  compounds  of  cobalt.  Arsenide  of  cobalt  n>elt>;  at  a  niu 
red  heat.  Briyht  wliife  cnhaU,  or  ojlxiit  t/hiruv  (<^oS„Fi...V.-,J 
responds  in  composition  to  mlspickcl:  it  crystallizcri  in  cm 
octohedra,  or  dodecahcdra,  and  contains  .S5"r>4  ]>er  tvnt.  of  i.^»lMtl(j 
4r)'18  of  arsenic,  and  !!♦  riS  of  sulphiu'.  These  Hni»ei*aU  ar»?  via 
lently  decomposed  by  nitric  acid  or  by  a<pKi  regia,  and  &rv  roaJilJ 
attacked  when  heated  in  a  current  of  gaseous  chiorinu.  Tlioyi 
also  decomposed  when  roasted  in  a  current  of  air. 

(720)  OxntEs  OF  CoBAi;r. — There  arc  two  well-marked  oxid^ 
of  coVaUt,  the  jn'otoxlde,   Oof),  M'hieh  is  the  sjtlitl   ' 
the   metal,  and  the  sestjuioxide,  t^o,0, ;  these  t^ 
capable  of  uniting   with    cfw^h    other  in    ditferent    i>rijjH«r 
According   to   Schwa rzeidierg,    an    acid    t>xido,  (?o,0„   ni 
obtained  ni  condiination,  by  strongly  igniting  the  protox' 

the  carbonate  with  hy<lrato  of  potash,  in  which  case  «  cnr* ^ 

comjvouud  is  formed,"  which  when  dried  at  212",  con»isUi  of  K,t 

3  eo.e..  3  ii,e. 

Protoxide  (©00=75.  orCoO=3?5).— This  oxide,  when  Am 
at  a  low  tcniiH'ratmv,  is  of  a  grcciiish-grcy  colour  ; 
to  didl  redness  in  the  air  it  absorits  oxygen,  and  li 
fonning  an  oxide  (<:'o,0,)  corresponding  to  the  black  or  lua 
oxide  of  iron,  but  if  more  etrongly  hoiili^l  it  again  hj*c«  o:^ 
and  l>ecomes  reconverted  into  tiio  i)rc»t4ixide,  which  is  of  a  br 
colour,  and  whicli  may  l»e  cooled  m  a  current  of  carlMinic 
dritle  without  absorbing  oxygen  (Uiissc-ll).    Protoxide  t»f  m 
(Soluble  in  acids,  and  fonns  solutions  which,  when 
are  of  a  beautiful  lilue  colour,  but  they  bcc^)me  y>in 
The  oxide  fonns  an  important  article  of  romin' 
ploynicnt  for  the  pnj<luction  of  ablue  colourin  j  _ 

mxL    Wliea  duiscribiiig  thajMcmiftratiou  oi  uickcl,  a  prckoutf  < 
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detailed  which  furnishes  the  oxide  of  cobalt  fit  for  tliis  jniijKtse 

Protoxide  of  cobalt  combines  with  bases  an  wuU  sis  with 

kh.    If  fused  "with  hydrate  of  potat^h  it  fumid  a  bluo  comiMJund, 

which  is  decoiuiMised  by  the  free  addition  of  water ;  when  heated 

~^itli  nitrate  ot  magnesium,  a  pale  pink  residue,  formed  by  the 

imbiuatiou  of  the  magnesia  with  oxide  of  cobalt,  is  obtained; 

'th  alumina  it  forms  the  blue  pigment  kuowTi  as  Tbenard'a 

and  with  oxide  of  zinc  the  compound  constitutes  Kinman's 

u, 

le  zaffte  of  commerce  is  a  very  impure  oxide  of  cobalt,  pro- 

by  imperfectly  roasting  cobalt  ore,  mingled  with  2  or  3  times 

Wfiglit  of  siliceous  sand, 

finuilt  is  a  beautiful  Idue  glass  coloured  by  oxide  of  cobalt ;  it 

liietly  manufacture<l  in  Saxony.     In  preparing  smalt,  the  cobalt 

i«i  lir-it  roasted ;  but  the  roasting  is  arrested  at  a  particular 

,  the  object  being  to  oxidize  the  cobalt,  wliilftt  the  nickel, 

er,  and  iron  remain  in  combination  with  araenic  and  suljdiur ; 

i«  necessary  to  leave  a  sufficient  amount  of  arsenic  in  the 

\fi  retain  these  metals,  as  the  adnjixtnre  of  a  very  small 

ity  of  the   oxides   either  of  iron,  nickel,  ur  ('f)piter  with 

le  gliist*,  seritiusly  injures  the   purity  of  its  colour.      From  4 

5  parts  of  the  roasted  ore  in  powder  are  next  mingled  with 

parts  of  ground  calcined  cpiartz  ajul  4  parts  of  carbonate  of 

Uujsiiua,  and  tlie  mixture  is  slowly  melted  in  p<it.s  arranged  in 

fnrtiace  resembling  tliat  used  in  making  ordinary  glass.     The 

ide  of  cobalt  combines  with  the  fused  silicate  of  ]>ota8sium ; 

blue  glass  is  thus  formed,  wiiiUt  the  mixed  ai-seniiles  and 

rolphiiles  of  nickel,  copper,   and  iron  fuse,  and  collect  at  the 

'"'tloni  of  the  pot,  in  the  fonn  of  a  brittle  mass  of  metallic 

'  peurance,    commonly   known    as   speis«.       The    pi>t    is   then 

uiuiifd  and  the  glass  is  ladK^d  ont,  and  poured  into  cold  water, 

which  means   it   is  spht  into  innuincrnblc   fragments:    the 

166  is  east  into  ingots  and  used  in  the  manufacture  of  nickel. 

*  broken  glass  is  stamped  to  pow-der,  and  8ubsc<picntly  ground 

Ween  granite  stones,  which  are  caused  to  revolve  under  water, 

4  vessel  through  which  a  gentle  stream  wi  water  is  contiTmally 

W*in^,     The  water  as  it  flows  carries  oti"  witli  it  the  ]>owdered 

dlt  m  suspension:    it  is  made  to  pass   tlmingh  a  number  of 

•ositing  vessels,  so  ai-rangod  that  the  overflow  from  tl>e  tii-st 

U  pass  into  the  second,  that  fnun  the  second  into  the  tliird, 

BO  on :  each  of  these  vessels  is  successively  larger  than  the 

which  precedes  it,  so  that  the  period  for  which  the  washings 

retained  in  each  goes  on  progressively  increasing,  an<l   the 

icles  deposited   progressively  increase  in  the  minuteness  of 

their  subdivision;  the  colour  beeoming  less  intense,  tiie  greater 

'    the  degree  of  subdivision  of  its  juutides.     Smalt  is  used  largely 

by  paper-stainers,  to  produce  a  blue  colour,  and  it  is  employed 

to  some  extent  by  laundresses,  for  correcting  the  yellow  tinge  in 

^B  Another  valuable  pigment  into  the  composition  of  which  cobalt 
^Kters  is  of  aj)ale  blue  colour,  and  is  known  as  ThinartTs  Uw. 
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Tlie  moiit  a|>|irovcd  method  of  preyiarino^  it  coiisJet*  of  jm  •  "  ug 
nitrate  (if  c<<balt  hy  menus  of  pliosphatc  of  jx.itifjtiiuiil.  lij 

tlie  precijiitiUo  whilst  still  moist  M'itli  four  or  five  tini<  pif 

the  ifehitjimuri  inasa  ohtained  bv  «<ldin<»  carbuiiiit>e  <'i  to 

fi  dilute  suhitioii  of  alum  perfectly  free  fmin  iron.  The  mixture 
is  dried  and  then  exposed  to  a  dull  rod  heat  in  a  covered  crucitJe. 
The  brilliancy  of  the  coktui"  is  intieh  impaired  by  the  reducing 
action  v»f  the  combustiljle  gases  of  the  fuel.  The  best  preventive 
of  this  eltect  is  fuund  to  consifet  in  phicing  a  little  red  ovide  i»f 
mercury  at  the  bottom  of  each  eniL-ible ;  by  the  decosn  >f 

this  oxide  an  atmo-sphere  of  dxvtijt-'n  is  obtained,  and  ii  <liu 

mercury  is  dissipated  in  vapour  (Regnault,  Coura  Elem.  d«  Vhimii^ 
vol.  iii.  p.  150). 

Rinvtari»  yre^n  is  a  pigment  of  analogonR  composition,  ckki- 
tainiui;  oxido  of  cobalt  combined  with  oxide  of  zinc. 

llydrated  oxide  of  cobalt  (OoO,  H,0)  is  prec;ii»itated  by  tlw 
addition  of  solution  of  potash  or  of  soda  to  solutions  of  any  "f  \U 
salts.  Tlie  pale  blue  ]>rc'eipitate  which  is  first  formed  is  a  iKtic 
salt  of  cobalt,  but  if  an  excess  of  alkali  be  used,  it  rpiickly  lKX""nn« 
violet,  and  finally  rose-coloured,  wliii-h  is  the  true  colour  of  the 
bydrated  oxide :  these  changes  oceur  most  rapidly  if  the  litjnid  Iw 
warmed.  It  becomes  of  a  dingy  green  if  expo.^ed  while  moist  to 
the  air,  owing  to  the  gradual  ab.-orj)tioii  of  oxygen.  The  hrdmleii 
protoxide  is  readily  dissolved  by  a  solution  of  <.-arboii  ui- 

moniuin.  and  also  by  e.\cess  of  ammonia,  especially  in  t  n-e 

of  a  neutral  salt  of  ammonium. 

i%Miu'i)j:ide  of  cohalt  (€'o,O,=160,  or  Co,0,=:83)  may  be  pre- 
pared by  suspending  the  bydrated  ]>rotoxideof  the  metal  in  water, 
and  transmitting  a  current  of  chlorine  through  the  liquid  ;  chloride 
of  cobalt  is  fonned  and  liissolved,  whilst  a  black  bydrated  wsMjui- 
oxide  of  cobalt  is  precipitated,  <ro,0.,  S  ll,f>.  The  reaction  nniv  l»« 
thus  expressed:  3(eoe,II.B)  +  (:i,=*4o,e„3  11,0  -f  eo(\.'  If 
the  oxide  of  cobalt  be  suspended  in  a  solution  of  potash  instoul 
of  in  pure  water,  the  whole  of  the  cobalt  is  converted  into  sttMjui- 
oxide.  It  may  be  remlored  anliydrous  by  a  careful  ap[ilic,afiotiMf 
heat,  but  if  stronsly  heated  it  liecomes  converted  mto  a  black 
oxido  l<~oB,  Oo,0,),  corresponding  with  the  magnetic  oxide  uf 
iron.  This  magnetic  oxide  is  sometimes  dcpositeu  in  snuill,  liani, 
auliydnuis.  brilliant,  steel-grey  octohedra  when  a  juire  aqueitu« 
solution  ot' chloride  of  roseiK-obaltia  (T2I  i  is  boiled.  In  (his  Ibrm 
it  is  insoluMo  in  nitric  acid,  in  hydnn-hloric  aci<l,  and  in  nipm 
regia;  it  is  but  slowly  attacked  by  heating  it  with  oil  of  ntrinl 
or  with  acid  sulphate  of  potassium.  The  basic  powens  of  tlte 
Bcsrpiioxide  are  extremely  feeble.  Ctd<l  sulphuric,  nitric.  hydn»- 
chloric,  [ihosphoric,  and  acetic  acids  dissolve  the  hydraterl  oxide,] 
but  the  salts  are  graijiudly  converted  at  ordinary  tum|K<ruturcs8 
into  those  of  the  protoxide,  and  this  change  is  imme<liulely  (.'ifuctvd  ^ 
if  the  solutions  are  heated. 

(721)  Amm(..via<.al  CosiP(5rjfns  ok  Coij.vlt. — When  a  '^ 
of  a  i<alt  of  cobalt  in  ammonia  is  exposed  to  the  air,  it   .. 
oxygen  rapidly,  although  the  hjdrated  protoxide  uf  etiliotc  aiuiMC 
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exhibits  this  tendency  to  a  small  extent  only.  If  the  hydrated 
dde  be  dissolved  in  a  solution  of  chloride  ofamnioniiiiii  contain- 
inpfree  auinionia,  the  absorption  ot'oxv^en  proceL-dsquicklv,  and 
»  remai'kahle  violet-red  colour  p'adualiy  developes  ittsclf  m  the 
liouiJ.  If  at  this  stajjre  the  Ii(|nid  be  supersatumtod  witli  liydnv 
duoric  acid  in  the  cold,  a  heavy  brick-red  erystalliru'  powder  id 
TOeciuitated,  the  chloride  of  ro^ewdxiltia  (OoCl,,  5  II, .N, 11,0,  or 
Co,C'l„  5  II,N,  2  HO,  Gentli  and  Gibbt>) ;  and  tlii.'^  eonipoiiml.  if 
loilwi,  ie  converteti  into  a  purple  preci[>itiite  of  chloride  of  y/wr- 
^mcfifialtia  (€oCI,  5  Il,ls,  (ientli  and  LiibU),  which  sejmrates 
incmtals,  leaving  the  solution  nearly  colourluAs:  this]>reeipitato 
may  l>e  dissolved  by  heating  it  in  water  ellghtty  acidnlated  with 
hTdroclJorie  acid,  and  as  the  liipiid  cixjIs,  beautiful  ruby-red  oeto- 
Leilral  erVfitalsJ;  are  fornied  (F.  Clandet).  This  remarkable  com- 
jmiiinl  is  fjiiite  ius«jlnlile  in  l)oiliriir  liy<lrochloric  acid,  and  may  be 
employiHl  as  a  meaus^  of  obtniniiip:  elieniically  ]>m'e  coI)aIt :  at  a 
ret!  heat  it  loses  ammonia  and  liydrochlorate  of  airinionia,  leaving 
chloride  of  cobalt.  The  latter  may  bo  reduced  to  the  metallio 
state  by  passing  a  cnn-ent  of  liytlroiren  gas  over  it  in  a  tube 
lieated  to  redness.  When  digested  with  water  ujion  oxide  of 
Bilver.  the  chlorine  is  withdniAvn  from  the  ncnv  compound,  whilst 
tlie  uxygen  of  the  oxide  takes  its  ]ila<.e ;  a  red  strongly  alkaline 
licjuid,  oxide  of  j)urpureocobaltia,  is  thus  produced,  which  united 
with  acids,  and  tbriris  a  pecnliar  class  of  salts:  tliis  alkaline  solu- 
tiou  emits  no  smell  of  auimouia. 

Freiny,  in  an  elal)orate  series  of  researches  on  the  ammoniaeal 

compouaclB  of  cobalt,  lla^^  shown  {Ann.  de  ChimU;,  III.  xxxv.  257) 

that,  imiepndently  of  the  aunnoniacal  compounds  obtained  with 

the  ordinary  salts  of  the  metal,  and  of  the  above  eompounda 

aeseribt'd  by  Claudet,  three  other  sets  of  salts  may  be  procured, 

whjeli  be  regards  oa  compounds  of  ditierent  oxides  of  cobalt  with 

*''*rii>iis  iiroportions  of  amuKjuia :  the  tirst  of  these  bases  he  names 

'*^/fy>lnil(ia.     Its  salts  crystallize  I'oadily ;   they  have  for  tlie  most 

P'Tt  an  olive  colour,  and  may  be  dissolved  in  a  solution  of  amrao- 

^^^  ^'ithiiut  change,  but  when  ])laced  in  cold  water  they  are  decom- 

JjOsed  with  evolution  of  oxygen  and  tieposition  of  a  green  basic  salt; 

ne  salts  of  this  base  apjiear  to  contain  a  binoxideofcol>alt,  which, 

f'^Vever,  cannot  be  isolated.     Tiie  second  base,  from  the  yellow 

fwi     . ''  '^'^'  '^"'^  salts,  he  terms  lutt'ocobalthi  ;  this  base  has  been  isolat- 

fpj '  it  bus  a  strongly  alkaline  reaction,  and  its  salts  crystallize  easily, 

1.  "^  tbird  base  is  termed  /'iifuvlniiltin  ;  it  forms  brown  uncrystal- 

J^ble  salts.     The  bane  of  Claudet's  salts,  which  Fremy  termed, 

J    ^^^  the  red  colour  of  its  compoun<ls,  roseocnbaltia,  is,  according 

^j  '■^ilibs  and  Genth,  a  mixture  of  two  isomeric  bases,  one  oi 

_  .J'^'li,  roseocobaltia,  neutralizes  3  atoms  of  a  monobasic  acid  :  the 

J  *iOr,  pnrpnreocobaltia,  neutralizes  only  2  atoms  of  acid.     Further 

j'^^'iils  regarding  the  prc]iaration  of  these  ditterent  compounds  are 

•*•"*  contained  in  a  paper  by  (iiid)s  an<1  Geuth  (Chrn).  Gits.  1857, 

*:  ^81),  who  have  described  an  ad<littonal  series,  to  which  they 

-  ^'Q  the  name  of  salts  of  xanthocohalt,  from  the  brilliant  vellow 
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'-►ur  of   tbese  co;aj)ounds.      Tlie   eldoride   of  xanthocobaltia 
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(eo.eci,  10  ii,N  2  NO .  ii,e,  or  Co,oci„  5  ii.n  ,.>  <.». .  iii 

l)e  obtuiiied  ia  crystals  by  decouiiMisiiig  the  sulpliutt^  nf  (hi:; 
Avitli  a  6ohitiiiii  of  i-bloriae  of  barium ;  and  the  bulphate  (fOjO^ 
10  1I,N,  2  NO,  2  Se, .  H,e,  or  Co.O,,  5  IJ,N,NO„  2  SO, .  UiJ)  i* 
easily  procured  by  transmitting  a  rapid  curr«^nt  of  iiitnm*  acid 
through  aa  aiumouiacal  golutioa  of  sulphate  of  cobalt,  taking  care 
to  preserve  the  alkaliuity  of  tlie  liquid  by  the  occasional  additkio 
of  anunonia.  The  subition  gradually  a&junu'3  u  <liirk  yellnwnsh- 
brown  colour,  and  if  left  to  evuporate,  .spontaneously  dfOi^riitA  the 
Bulphate  of  the  new  base  in  the  form  of  thin  plat«s  derived  from 
the  right  rhombic  prism. 

All  the  compounds  of  each  of  these  bases,  when  bailed  with 
a  solution  of  caustic  potash  or  of  soda,  are  decomposed,  aud 
hydrated  sest^iiioxide  of  cobalt  is  precipitated,  wliilst  arnmoaia  ii 
expelled. 

The  following  table  will  afford  a  general  comparative  view  uf 
these  different  classes  of  salts,  including  the  double  -  "  'ich 
ammonia  forma  witli  the  protoxide  of  the  metal ;  tliey  ■^^'  i'ly 

compounds,  of  very  complex  constitution,  formed  on  tue  auauouium 
tyj)e  :— 

1.  Douhh  Salts  of  Ammonia  and  Protoxide  of  Cvi/alt, 

Nitrate Go  2  NO.,  6  H,N,  3  II.O 

Chloride eoCl,,         6  II.N,  3  ll,e. 

2.  SalU  of  Oxycchaltia. 

Nitrate (€oe„  N.e.)  5  H.N,  H.O 

Sulphate 2  [(eoO,,  SO.)  5  II.N],  3  H,e. 

3.  Salts  of  Luteocobaltia. 

Nitrate Oo  3  NO,,  6  II,N 

Chloride OoCI,,        0  H.N. 

4.  Sails  of  FuscofjaltUi. 

Nitrate ^o.O,,  3  N.O.,  8  U.N,  3  H.O 

Chloride eo,Cl,e,  S  H.N,  3  H,0. 

5.  SolfJi  of  Xanihocof)alti<i. 

Nitrate Oo.O,,  2  N,e„  10  II,N,  2  NO  .  H,e 

Chloride eo.OCl,,  10  II,N,  2  NO  .  ILf^ 

6.  Salts  of  Boaencobaltm  {Othha  and  (rfiitfi 

Nitrate Go,  6  NO,,  10  H.N,  2  U,0 

Chloride eo.Cl,,         10  11,N,  2  H.O. 

7.  Silt8  of  Purpureocobaliia. 

Acid  sulphate  Go.O.,  4  SO.,  10  H,N  .  6  II,0 
Chloride Oo.Cl.,  10  H,N. 

(722)  StTLPHiDKs  OF  CoBAi.T. — Tljreo  sulphides  ikf  this  met 
may  be  procured, — ajirotoHnlpliido, GoS;  bm 
ana  a  bi^ulpliide,  OoS,.     The  !:itt(>r  may  be 
oarbonato  of  cobalt  with  sal  t  uliowiug  tiic  tvmjicraturo  tc. 
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rise  too  lii<fh.  The  most  important  of  these  is  Xh<? proto»ulphuJe, 
"wrhioli  may  he  prcKnircd  in  a  hydrated  condition  hy  precipitating 
a  solution  of  acetate  of  cobalt  by  sulphuretted  hydro<:eTi,  or  by 
mixirjg  nny  neutral  av^^dution  of  a  salt  of  c<>balt  witli  sulphide  of 
unnmium.  In  this  form  it  speedily  al>6r>rl)8  oxygen  trom  the 
Ir,  and  becomea  converted  into  s^ulphate  of  cobalt.  Jf  a  mixture 
T5if  oxide  of  ci'bult  with  perenljjhide  of  potassium  (the  liver  of 
gnlphur)  l)e  fused  in  a  covered  crucible,  fused  s\di)hide  of  eohnlt 
i?  obtained  at  the  iKittom  of  the  crucible.  The  se»iitisulj>hule, 
which  i[5  occasionallv  met  with  in  outoheflra  of  a  grey  colour,  maj 
be  obtained  by  heating  eesquioxide  of  cobalt  to  about  500*  in  a 
current  of  sulphuretted  hydrogen. 

(723)  Chloride  of  Cobalt  (eoCl,=130,  or  CoCl=65 ;  Sp.  Gr. 
2  937)  is  obtained  as  a  lilac-coloured  anhydrous  mass,  by  passing 
chlorine  over  metallic  cobalt;  it  is  volatile  at  a  high  temperature. 
By  ilissolving  the  oxide  or  the  carbonate  of  cobalt  in  hydrochloric 
acid,  the  hvurated  chloride  may  be  obtained  in  ruby-red  octohe- 
dral  crystafs  with  6  II,0,  of  ep.  gr.  1'84.  which  are  readily  soluble 
ui  water  and  in  alcohol ;  its  aqueous  solution  when  concentrated, 
or  when  mixed  with  an  excess  of  strong  hydrochloric  acid,  is  of  a 
deep  blue  colour,  but  on  dilution  it  becomes  pink.  This  dilute 
solution  may  be  used  as  a  sympathetic  ink ;  characters  traced  with 
it  on  paper,  though  invngible  when  cold,  beeonie  blue  by  heat,  and 
again  fade  as  the  hygroscojiic  moisture  of  the  jvapcr  is  restored 
from  the  air :  the  coloure  of  this  ink  may  lie  varied  at  jdeasiire ; 
the  ad<lition  of  a  small  proportion  of  a  ferric  salt  renders  it  green ; 
zinc  pr6<luce8  a  red,  and  copper  a  yellow  tint.  Anhydrous  chlo- 
ride of  cobalt  absorbs  4  atoms  of  aniTnonia.  and  if  its  solution  bo 
mixed  with  an  excess  of  ammonia  it  deposits  crystals,  consisting 
of  eoCl,,  3  [(H.N),e]. 

(724)  ScLPOATE  OF  Cobalt  (6oSO.,  7  H.O  =  155  +  12G,  or 
Cof>,SO,,7HO=77-5-f  03:  -S>.  Gr.  avki/draux,  3-531)  is  isomor- 
phous  with  sulphate  of  magnesium.  The  anhydrous  salt  contains 
38-06  of  metallic  cobalt  or  48-38  of  the  protoxide. 

NrrnATE  OF  Cobalt  (Go  2  NO,  .  6  H,e  =  1S3  -|-  lOS,  or 
00,NO. .  6  HO=91-5  +  54;  Sj>.  Gr.  1-83)  is  prepared  by  dis^solv- 
ing  tlie  oxide  in  nitric  acid.  It  is  a  deliquescent  fait,  which  is 
Boinetimes  employed  as  a  reagent  for  the  blow])ipe :  h  fragment 
of  the  compound  under  examination  is  supported  either  upon 
charcoal,  or  upon  a  bent  ])latinum  wire,  and  moistened  with  a 
minute  quantity  of  a  strong  solution  of  the  nitrate  of  cobalt. 
When  troafcfl  in  this  way,  many  of  the  comjiounds  of  magnesium 
yield  a  jmle  pink-coloured  mas.*  atVer  ignitioji ;  those  of  zinc  give 
a  green  residue,  and  those  of  aluminum  a  blue. 

Jf  a  concentrated  solution  of  nitrite  of  potassium  be  gradually 
added  to  a  solution  of  nitrate  of  cobalt  acidulated  with  nitric  or 
•with  acetic  acid,  a  beautiful  orange-yellow  compound  is  precipi- 
tated iu  microscopic  four-sided  jtrisms  with  pyramidal  summits: 
it  if.  fiiiaringlv  soluble.  According  to  A.  Stromeyer,  it  consists  ot 
ie»,H„  2  N,e„6  (ICNO.) .  2  H.ej;  or  [Co,0„2  KO„  3  (KO,NO,) 
"2  n<  >],  and  contains  13-6  of  metallic  cobalt. 
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Uiidei-  triitl  contained,  is  ttitis  aiScertained  ;  but  the  proc€^  h  nd 
U*  Ite  i-ocom mended,  as,  if  the  tube  be  weighed  full  of  iiyJri^'n, 
tho  weisjht  is  too  little,  and  if  the  hydrogen  be  diajihu'iHi  Ity  jt- 
mosplit'Hc  uir,  the  finely  divided  reduced  metal  is  apt  to  hmmaa 
pai'tially  uxiilized, 

(T  iiS)  iLSf'pttrcrii.OJi  of  Ci)balifrom,  the  Mdt.ah  of  the  AfhtUfH  ami 
AlhiUns  Earths^  muifrmn  Aluir^mum. — This  is  reatlilv  effected 
by  converting  the  cobalt  into  acetate,  and  traneraittiug  suljihn- 
retted  hydnt<!;en,  aa  has  been  already  mentioned  in  the  [trewHling 
paragraph.  Another  plan  consists  in  the  addition  of  sulphide  di 
atninonuin\  to  the  eolution  previously  neotralized  l>j  ftmra«ia, 
If  alnuiina  be  present,  it  will  accompany  the  cobalt,  bnt  if  tlib 
precipitate  be  redissolved  in  acid,  and  again  tlirown  doim  bj 
ineana  of  caustic  potash  in  excels,  the  akuutna  will  he  retfuned; 
the  oxide  of  cobalt  is,  however,  apt  to  carry  down  traces  of  alnra- 
ina  ;  these  may  be  removed  by  treating  the  precipitated  oxide  by 
means  of  a  mixture  of  ammonia  and  chloride  of  aniinoniuTn.  whifti 
dissolves  the  cobalt,  hut  leaves  any  traces  of  alumina  which  rosy 
have  accompanied  it.  The  cobalt  is  again  precipitated  by  sul- 
phide of  ammfmium, 

J7<e  nepiiratio}i  of  cobftii  from  sine  is  not  easy.     One  of  t!w 
best  mothodfl  coni?i&ts  in  precipitating  the  two  metals  together  in 
the  form  of  sniphidea,  dissolving  this  precipitate  in  nitric  acid, 
and   then   adding   an   excess   of   carlwnate   of    poti^simn,  and 
evaporating  to  dryneas.     After  the  mixed  carbonates  of  2itie  and 
eobalt  have  been  well  washed,  they  are  heated  in  a  bidl>tul>e  in  1 
a  current  of  tlrietl  hydrochloric  acid  :  in  this  process  the  oiirlionid   1 
acid  16  expelled,  and  the  metaU  are  converted  into  chlorideo,  wLiLst   * 
water  is  formed.     The  open  end  of  the  tube  is  in  this  case  bent 
downwards  at  a  right  angle,  and  the  aperture  is  made  to  dip  into 
a  small  quantity  of  water  contained  in  a  flask ;  the  chloride  of 
zinc,  which  is  volatile,  is  carried  forward  in  the  current  of  ps;  a 
portion  of  it  is  condensed  in  the  bend  of  the  tube,  and  the  re- 
mainder is  dissolved  in  the  water  placed  for  its  reception.    Cldo- 
ride  of  cobalt  alone  remains  in  the  bulb.     The  portion  of  tk^ 
tube  in  which  the  chloride  of  zinc  has  been  condensed  is  cut  ofi 
when  the  operation  is  complete,  and  is  allowed  to  fall  into  tt»« 
flask.     The  zinc  and  the  cobalt  are  then  easily  determined  sep^^ 
rately  by  the  usual  methods. 

§  II.  Nickel:  }fi"=59,  or  Ni=29-5.    8p.  Or.  8-82. 

(729)  Nickel  is  a  metal  the  peculiar  characters  of  whi<^ 
were  first  recognised  in  1751  by  Cronstedt :  it  has  a  remarkab^ 
analogy  with  cobalt,  and  always  occurs  associated  with  it  in  natur"^ 
both  as  a  constitnent  of  meteoric  iron,  and  in  its  ores,  whie^ 
present  a  composition  similar  to  those  of  cobalt.  It  is  mo^ 
abundant  in  the  form  of  kupfernickel  (arsenide  of  nickel),  and  i::^ 
extracted  either  from  this  ore  or  from  apeiss,  which  is  an  impur* 
arseniosulphide  of  nickel,  formed  during  the  manofactore  of  sma^ 
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CarboTiafp  of  pntaasimn,  mixed  with  a  sohition  of  ncotate  of  potas- 
nimn,  und  tlie  cobalt  preeii)itatod  as  sulphide  bv  a  current  of  snl- 
pliurcltid  hydrogen,  the  prec.iiiitftte  allowed  to  settle  in  a  beaker 
tduned  by  a  glaiis  plate,  then  ei»lleeted  on  a  filter  and  washed,  The 
ftlkalies  are  prevented  fVoni  effecting  the  coaijdetc  preeipitation 
of  coldilt,  as  well  aa  of  inm,  of  nielcel,  of  copper,  and  <»f  Ynany 
other  metals,  by  the  ]»repenee  of  certain  kinds  of  orjijanic  matter, 
6ueh  iis  that  derived  from  the  pa]>er  of  the  filter;  spocial  precau- 
tions are  therefi»re  required  ti»  avuid  this  accident.  I'or  tiiis  pur- 
pose the  neck  of  the  funnel  with  tlio  tilter  and  its  contents  ift  in- 
troduced into  a  small  ilsisk,  a  hole  is  nnide  with  a  glass  rod  in  the 
In.ttitm  of  the  filter,  and  the  precipitate  is  washedinto  the  flask ; 
the  filter  after  being  moistened  with  concentrated  nitric  acid,  is 
ugnin  wa,shod ;  it  is  then  dried,  burnt,  and  the  ash  ad<led  to  the 
Contents  nf  the  fiask,  which  are  now  boiled  with  nitric  acid  until 
the  sulphide  of  cobalt  is  dissolved.  The  liquid  so  obtained  is  di- 
Inted  and  poured  oft'  from  any  jiartieles  of  undissolved  sulphur, 
and  the  solution  of  coljalt  may  be  evaporated  to  dryness,  then 
mixed  with  sulphuric  acid  to  convert  it  mto  sulphate,  and  the  ex- 
cess of  acid  expelled  by  a  moderate  heat.  100  parts  of  sulphate 
of  cobalt  indicate  3S"06  of  the  metal.  After  the  sul|)hide  has 
been  brought  into  solution  by  the  nitric  acid,  the  cobalt  may  also 
be  precipitated  in  the  form  of  hydrated  oxide  by  an  excess  of  pure 
potash  ;  the  oxide  is  then  thoroughly  washed  with  boiling  water, 
dried,  ignited  and  weighetl :  the  black  oxide  thus  procured  con- 
Bistii  of  Oo,0.,  suid  corresponds  to  73-44  of  metallic  cobalt.  Some 
chetnists,  however,  prefer  to  reduce  this  oxide  in  a  current  of  dry 
aud  pure  hydrogen  la  the  manner  shown  in  fig.  344.  T1ig  tube, 
tf,  is  weighed  when  empty;  then  a  certain  ftropurtion  of  the  o.xide 
of  ouhalt  is  introduced  into  the  bulb,  and  the  tube  is  again 
weighed ;  hydrogen  is  generated  in  the  bottle,  a,  and  allowed  to 
traverse  the  vessels,  b,  c,  and  d :  b  contains  a  solution  of  potash, 
and  c  one  of  nitrate  of  silver,  which  are  designed  to  arrest  any 
tracer  of  arseuiuretted  hydrogen ;  oil  of  vitriol  is  placed  in  d  for 
the  purpose  of  drying  the  gas :  a  dull  red  heat  is  next  applied  to 
the  liulb,  e ;    under  fio.  su. 

these  circumstaneea 
the  hydrogen  enters 
into  combination 
■with  the  oxygen  of 
the  oxide,  and  the 
■water  which  is  pro- 
duced jnisses  on  as 
vapour.  As  soon  as 
•water  ceases  to  be 
formed,  the  reduc- 
tion is  com]>lete : 
Uie  lamp  may  then  be  removed  from  the  htdb,  but  the  current  of 
bytlri>gcn  must  be  maintained  till  the  tube  is  qnite  cold-  The 
tube  and  its  contents  are  finally  weighed  a  tliii'd  time,  and  the 
pro^iortion  of  metallic  cobalt,  wliich  a  given  weight  of  the  oxide 
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andur  ti'iul  containe<l,  ia  tlius  ascortajned  ;  but  tlf 

to  be  I'fciniiiiifiided,  as,  if  tlie  tube  bn  \Vfi;;he.(l  I';  n, 

tlie  weiglit  is  too  little,  iuul  if  tlic  livdroycn  be  ■. 

niusubefic  air,  the  tinelv  divided  reduced  metal  i^  . ,  _   ._  .  __.aLL- 

pai'tially  osidized. 

(72S)  Sf'paratioti of  Cchalt from  thf  Metah ofih« A "•-'■'•  mi, 
Alkaline  EaHha^  and  from  Aluminvm.. — This  is  rcii  red 

by  convertincj  the  cobalt  into  acetate,  and  tratisinittuii;  ^ui|»hu- 
retted  hydrttfien,  as  has  been  alrea<ly  lueufinned  in  llit?  |«r<-i'e'iiujr 
parai;ra|>h.     Another  plan  consifttri  in  the  addition  of  of 

amniuniiim  to  the  dilution  previ(iuj;l3-  nentnilized  b;  iila. 

If  aluiiiiua  be  present,  it  will  accompany  the  cobalt,  bnl  if  thia 
precipitate  be  redissolved  in  acid,  and  a^ain  thrown  dowti  by 
means  of  caustic  pota^ij  in  excess,  tlie  alumina  will  be  retained; 
the  oxide  of  cobalt  is,  however,  apt  to  cjirrs'down  trac««  of  alnin- 
iua  ;  thcpe  may  be  removed  by  treating  the  prccipitate<l  oxi<le  br 
means  of  a  mixture  of  ammonia  and  cluori<le  of  mnnioniutn,  whicli 
dissolve:*  the  cobalt,  but  leaves  any  traces  of  aliiiuina  wliicli  lunv 
have  aecomjianicd  it.  The  cobalt  ifi  again  precipitated  by  snl- 
pliide  of  ammonium. 

The  reparation  of  cdf/aJl  from  zinc  is  not  easy.  One  of  the 
best  methodfl  consists  in  precipitating  the  two  metals  together  ia 
the  form  of  sulphides,  disiiolvin}^  this  precipitate  in  nitric  acid* 
and   then    a<ldiug   au  excess   of   carbonate   of    >  'o,   and 

evajvirating  to  dryness.     Al\er  the  mixed  cnrlMjn..  mo  and 

cobalt  have  been  well  washed,  they  are  heated  in  a  biiili-tnbe  in 
a  current  of  tkied  hydroehloric  acid:  in  this  process  tbe  carbtjjiic 
acid  is  expelled,  and  the  metab  are  converted  into  chl<»ridea,  whiUt 
water  is  formed.  The  open  end  of  the  tube  is  in  tbiH.  cjimj  Itont 
down\vard.s  at  a  rij;fbt  anple,  and  the  aperture  i«  made  to  din  intti 
a  small  quantity  of  water  contained  in  a  fla.sk  :  tho  chlonde  of 
zinc,  which  is  volatile,  is  carried  forward  in  the  current  of  ija«;  % 
portion  of  it  is  condensed  in  the  bend  of  the  tube,  and  tlic  re- 
mainder is  dissolved  in  the  water  placed  for  its  reception.  Chlt»- 
ride  of  cobalt  alone  remains  in  tbe  bulb.  The  portion  uf  tbd 
tnl>e  in  whicli  the  cbloride  of  zinc  has  been  condensed  i»  cut  off 
when  the  operation  ia  complete,  and  is  allowed  to  fall  into  t! 
flask.  The  zinc  and  the  cobalt  are  then  easily  dotenuined  aepa- 
rately  by  the  nsuid  methods. 

§  II.  Nickel:  }fi"=59,  or  Ni=29-5.    Sp.  Or.  8-82, 

(729')  NirKEi,  ifi  a  metal  the  peculiar  charactere  of  irhicU 
were  tirst  recognised  in  1751  by  Cronstcdt:  it  htw  a  remarkable 
analogy  with  col)alt,  and  alwaya  occurs  aeaociated  with  if  '■   "    — 
both  as  a  constituent  of  meteoric  iron,  and  in  it* 
present  a  composition  similar  to  tliose  of  colmlt, 
abnndant  in  the  form  of  kupfernickel  (arsenide  of  ni. 
extracted  either  from  this  ore  or  from  sji^ 
arseuiosulpliide of  nickel.  fnnmMl  dnrin./  i 
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;  ft  fulMiiiliihide,  a  protosnlphide,  and  a  bisulpliide.     The 

^.  4o»iih>hliIe  (Nii3=91)  (K.'t'urs  native  as  rnilhriU  in  ffreyisli  or 

illowigfi  ciipillary  crystals,  which  are  insolnblo  in  liydrochloric, 

Ut  sohil>le  ill  nitric  acid :  it  may  be  formed  artififiidly  l)y  fusion 

^  enlphnr  MTlh  nickel.     It  may  also  be  i)roc«red  by  fusing  a  uer- 

Jpliifle  of  one  of  the  alkaline  metals  with  biarsenide  of  nicKcl, 

nu  is  left  in  yellow  cry-talline  scales.     A  black  hydrate  of  this 

llphide  is  produced  when  a  salt  of  nickel  is  precijiitatcd  by  sul- 

bide  of  ammonium  ;  in  this  form  it  aljsorbs  oxyjfcn  from  the  air, 

nd  is  gradually  converted  into  sulphate  of  nickel.     The  s>)fntul- 

hidf  (xf  i^)  may  l)e  formed  by  reduction  of  tlie  snlphiito  of  nickel 

'  means  either  of  cliarcoal  or  of  hydrogen  gas.     Tlie  binuljih'uh 

US,)  ia  left  as  a  stecl-gre}'  powder  oji  treating  witli  water  the 

obtained  by  heating  to  rednet^s  an  intimate  mi.xtnreof  car-  . 

te  of  nickel,  carbonate  of  potassium,  and  sulplnir. 

(732)  Chloride  of  Xickel  (?fiCl,=  13(),  ,.r  ]SiiCl=65)  ia 
med  by  dissolving  the  oxide  in  hydrochloric  acid.  Its  *(dution 
evaporation,  yields  green  hydrated  crystals  with  D  1T,0 ;    by 

at  it  umy  be  obtained  as  a  yellowish-brown  anbyd'rons  mass, 

kichata  high  temjterature  is  volatile,  and  condenses  in  yellow 

ystalline   scales,  which   are  dissolved  slowly  by  boiling  water. 

heated  in    a  current   of  air,  a  portion   of  the   chlorine   la 

elled,  and  a  corresponding  quantity  of  oxide   of  nickel   is 

Bed. 

(733)  Sulphate  of  Nickel  (?fiSO„7 11,0=155 -fl2<N  orXiO, 
BO,.  7  HO=77*5  +  63). — This  salt  may  be  obtained  by  ditssolving 

tnetallic  nickel,  or  its  oxide  or  carbonate,  in  snlphune  acid.  It 
stallizes  in  green  rlioml)ic  prisms,  whic^h  require  3  part.-*  of  cold 
terfor  solntion  ;  the  pi'ismatic  crystals,  when  exposed  to  light, 
:  converted  into  small  regular  octohedra,  aggregated  togetlier 
the  form  of  the  original  crystal,  which  becomes  opaipie.  It 
BftV  lie  obtained  in  octohedra  at  once  with  6  H,0  {sp.  yr.  2m)37), 
fry  ervstalliiing  at  a  temperature  between  fiO°  and  80°.  A  d<inhh 
f'hlmf^  of  jxiiagslum  arul  nicM  (^iSe.,K,Se. .  6  H.O ;  Sp.  Gr. 
'"■'''■'■Irovs,  2"897,  crt/st.  2"190)  may  be  formed  by  adding  caustic 
to  the  impure  solution  of  epeiss,  and  by  repeatc<l  crvstal- 
'I'^i'tiuns  may  be  freed  from  all  impurities  except  traces  ot  iron 
"'"i  cobalt :  it  wa'*  at  one  time  used  as  a  means  of  purifying  nickel  , 
for  commercial  purposes.  Other  double  snlpliatea  of  niclcel  may 
'*  formed.  Sulphate  of  nickel  in  the  solid  lorm  absorbs  6  atoms 
W  ammoniacal  gas.  An  insoluble  ha.sie  ardphate  is  obtained  by 
Wdiiig  to  a  solution  of  the  normal  sulphate  a  quantity  of  hydrate 
™  ft^tash  insufficient  for  its  complete  decomposition. 
,  (73+)  C.\Rno.vATE8  OF  Nickel. — There  are  several  basic  carbo- 
►tes  of  nickel,  of  a  green  colour.  The  nonnal  carbonate  is  pre- 
J'itated  as  a  crystalline  powder,  when  a  solution  of  nitrate  of 
J|[''kel  is  poured  mto  a  hu-ge  excess  of  a  solution  of  the  acid  car- 
late  of  sodium. 

(735)  Ch.\racters  of  the  Salts  of  Nickel.  —  The  salts  of 

*»  laetal  are  of  a  delicate  green  colour,  both  when  in  the  solid 

Me  and  when  in  solution  ;  they  redden  blue  litmus  feebly.    Tliej 
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Leasily  attacked  at  ordinary  tci 

•if  ^uapeudetl  in  water.  It  is  : 
ami  by  aquH  regi«,  and  ii>  di.-^ulved  oluvvlv  witit  evt»luliun~o? 
hydrofreu  by  diluted  eulpliuric  or  by  hydrocbliiric  acid.  OwiDJ 
to  the  remarkable  whitening  fmwcr  which  tiickol  exeru  on  bra.-.i^ 
it  is  now  mucli  used  in  the  manuftifture  oi  packf'cmg^  or  Genua 
silver,  a  compound  of  zinc,  niekel,  and  copiKT,  in  which  the  \>n* 
portions  of  the  metals  niuy  vury  considerably.  A  ^c  '  "  con-i 
sitits  of  5  equivalents  tif  copper,  3  of  zinc,  and  2  ol  r  ia| 

liiD  parts,  of  51  of  copper.  30*0  of  zinc,  and  18"4  of  i 
fitng  is  of  11  yellowiBh- white  coloiir,  and  when  fre^ 
closely  resembles  silver  in  appearance.      Tnit>nag  ib  the   nanioj 
given  by  the  Chinese  to  a  similar  alloy,  conaisting  of  8  pml*  of  j 
copper,  (J^  of  zinc,  and  3  of  nickel. 

The  native  arsenides  of  nickel  are  important,  as  they 
the  principal  ores  of  the  metal.     Ktipfcnm^kd  {^'\S.h\  isftrsenifl 
of  nickel :  it  contains  44  parts  of  nickel  toot>  of  aiv<  -^^ 

the  arsenic  in  tliis  ore  is  sometimes  displaced  by  ;> 
amount  of  antimony.      It  lias  a  reddish  colour,  and  a  wiv. 
lustre.     It  is  not  attacked  by  hydrochloric  acid,  but  is  aolul 
nitric  acid,  and  is  decomposed  when  heated  in  air  or  in  a  curruni 
of  chlorine.    Araenical  iw^kd  ( Jf  iAs,}  is  another  native  compottn4^ 
of  the  two  metals :  by  ignition  in  closed  vessels  it  loses  half  it 
ai"senic,  and  becomes  converted  into  kui>rernickGl.     A  comj 
of  nickel  with  arsenic  and  sulpinir,  cone>ipondiug  to  mlspi 


suipnur,  coiTOiponuuifl  to  mi-spi^ 
(^iSAft,  or  NiS^NiiVii),  ia  aleo  fo 


and  known  as  nickel  glance 
native. 

(730)  O.XIDF.S  OF  XicKKL. — Xickol  forms  two  onOos;  s  pwfr 
oxide,  2^iO,  and  sesquioxide.  Jfi,0,.  , 

Protoxide  of  Nickel  (Nie=75,or  NiO=37'5) ;  Sp.  Or.h'1^ 
Composition  in.  IW  part^,  Wi,  7S-«57  ;  O,  21-83.— Thio  »>xido  nul 
1>e  otitained  in  tlie  anhydrous  form  by  igniting  tlie  nitrate  or 
carbonate  of  the  metal  in  a  covered  cruciltle,  when  it  is  let\ 
olive-green  colour.     It  may  be  precijiitalcd  from  it^  «alt< 
driite  of  jHjtiUih,  as  a  bulky  light-green  hydrate-  ' 
may  l)e  obtained  crystallized  L>y  decomposing  th'  . 

bouiite  of  nickel  in  amiuoina  by  ebullition.     (J.xidu  of  nic 
readily  soluble  in  acidn,  forming  salts  w]ii<>h  have  a  pale 
colour.    It  yields  ijigoluble  compounds  witl)  iwt««li  and  with"! 
which,  however,  may  1k>  deci»mposcd  by  frc<pio»tt  v\ 
boiling  water.      Baryta,  fitrontia,  and   several  otbi 
form  with  it  in^^oluble  compounds;  ammonia  di 
a  deei"  blue  solution.    A  solution  of  oliloride  ni 
diasolves  it  slowlv. 

27te  «mpmKcuh  (?fi,e,=ltl«.or  Ni,0,=S3V «»'''"•'■  '-'^ 
which  may  be  procured  as  a  hydnito  witli  3  11,0,  b\ 
hydrated  protoxide  with  a  solution  of  chloride  of  t-> 
not  combine  with  acids,  and  gives  otl'  a  jM>rtion  of  i 

.ignition,  or  by  heating  it  with  nitric  or  Md)(huric  aciU*,  wl 

flbrm  with  it  saltd  of  the  protoxide. 

(731)  ScLPHiDEB  or  jS  thoao  compooiuU 
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known  ;  n  siihsiiljihide,  ft  protnsnlpliide,  and  a  bisnlpliide.  The 
yrfAo»u\p}uili  (?fiS=91)  ucoiii-s  nafive  fia  imUerite  in  preyisli  or 
Tellowish  cai)illarv  crj'stals,  which  are  insoluble  in  liydrocliluriu, 
bat  srthihle  in  nitric  acid :  it  may  l>e  formed  artificiully  by  fusion 
of  sulphur  witii  nickel.  It  may  also  be  ]trocured  by  fusinir  n  iter- 
etilpbide  of  one  of  the  alkidinc  niutids  with  biarwnide  of  nicKcl, 
ana  is  left  iu  yellow  crystalline  wales.  A  blax'k  liydrate  of  this 
Bciljihide  is  priHliiced  wlien  a  salt  of  nickel  isi  precipitated  by  sul- 
phide of  animoniiim  ;  in  thi.^  form  it  alisorlw  oxyi^en  from  tiie  air, 
and  is  gradually  converted  into  sulphate  of  nickel.  Tlie  nuhsul- 
phide  ( ?f  i,S)  may  he  formed  by  reduction  of  the  sulpliate  of  nickel 
DT  means  either  of  charcoal  or  of  hydrogen  pas.  The  hiituljth'ul* 
(ifiS,)  is  left  as  a  steel-grey  powder  o;i  tr(!ating  witli  water  the 
mass  obtaine<l  by  heating  to  redness  an  intimate  mixture  of  ear- 
lionate  of  nickel,  carbonate  of  potassium,  and  sulphur. 

(732)  Chloiuoe  of  Xickel  (2fiCI,=  130,  or  NiCl  =  65)  is 
formed  by  dissolving  the  oxide  in  hydrochloric  acid.  Its  solution 
on  evajxiration,  yields  green  hydrated  crystals  witli  f>  11,0;  by 
heat  it  may  be  obtained  as  a  yellowish-brown  aidiydrous  mass, 
which  at  a  high  temperature  is  volatile,  and  condenses  in  yellow 
cryiftalline  scales,  which  are  dissolved  slowly  by  boiling  water. 
If  heated  in  a  current  of  air,  a  portion  of  the  cldorine  is 
expelled,  and  a  corresponding  quantity  of  oxide  of  nickel  is 
forine<L 

(733)  SrLPHATE  OF  Nickel  (JfiSO.J  11,0=155 +  12fi,  or  XiO, 
SO,".  7  110= 77-5 -f  63).— This  salt  may  Ive  obtained  by  dissolvinji; 
metallic  nickel,  or  its  oxide  or  carbonate,  in  sulphuric  acid.  It 
crystallizes  in  green  rhombic  prisms,  which  require  3  parts  of  cold 
water  for  solution ;  the  prismatic  crystals,  when  exposed  to  light, 

converted  into  small  regular  octohedra,  aggregated  together 
the  fonn  of  the  original  crystal,  which  becomes  opaque.  It 
may  be  obtained  in  octohedra  at  once  with  6  II,0  («/».  gr,  "2"(t37), 
by  crystallizing  at  a  temperature  between  ^0°  and  80°.  A  doiih)e 
tnifphatf  of  potiimluni  and  nickel  (?f  iSO„lv,SOj .  6  H,0  ;  Sp.  Gv. 
C'tuiydrons,  2"897,  cryst.  2*190)  may  be  formed  by  adding  caustic 

EiAii»\i  to  the  impure  solution  of  speiss,  and  by  repeated  crystal- 
zations  may  be  freed  from  all  impurities  except  traces  ot  iron 
and  cobalt ;  it  was  at  one  time  used  as  a  means  of  purifying  nickel 
for  commercial  purposes.  Other  double  sulphates  of  nickel  may 
he  formed.  Sulphate  of  nickel  in  the  Bolid  lorin  absorbs  6  atoms 
of  Hrnmoniacal  gas.  An  insoluble  hofic  sulphttie  is  obtained  by 
adding  to  a  solution  of  the  normal  sulphate  a  quantity  of  hydrate 
of  potash  insufRcient  for  its  complete  decomposition. 

(734)  Caubonates  of  Nickel. — There  are  several  basic  carbo- 
nates of  nickel,  of  a  green  colour.     The  normal  carbonate  is  pre- 
cijiitated  as  a  crvstalline  powder,  when  a  solution  of  nitrate  of 
Tiickf^l  ir:  ponred  mto  a  lai'ge  excess  of  a  solution  of  the  acid  car- 
tin. 

^  .cACTERfl  OF  mE  Salts  of  Nickel.  —  The  salts  of 
fhic  metal  are  of  a  <lelicate  green  (rolour,  l)oth  when  in  the  sidid 
-♦•>'•'  and  when  in  solution  :  thev  redden  Itlno  litmus  feebly.   Thej 
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liftvo  a  sweetii^li  astringent  metallic  ttiste,  ami  wlien  takcR 
nally  excite  voinitiiip. 

Before  (7if'  hhyinp'ijye,  salts  of  nickel  jjive  in  the  ox' 
Mnth  borax  a  reddish-ydlDW  glass,  wbicL  liccomes  njn  ..  ,  -    raal 
it  oools.     The  addition  of  a  salt  of  pjtnseium  colours  the  bead] 
blue.     In  the  reducing  flame,  greyish  particles  of  rcdooed  tudulj 
arc  diiwominated  through  the  Iwau. 

In  solution,  suljihurdted  hijdroffen  gives  no  ]ii     "    "  "  f!ie' 

liquid   Ije  acidulated  with  sulphuric  acid;  hut  -  ft 

diluted  solution  of  acetate  of  nickel,  if  nearly  h. 
fcctly  wlien  aided  by  a  gentle  heat.     Sulphuic of .' 
a  black  sulphide  .^hglitlv  soluble  in  excess  of  tlie  pnt'ipilani, 
forming  a  dark-brown  sf>uition.      Ammonia  gives  a  pale  green 
preoipitate,  soluble  in  excess  of  ammonia,  forming  a  bright  blue 
solution,  fnim  which  an  excess  of  potash  prpcipitates  ..  -m- 

]»ound  of  oxide  of  nickel  and  potash.      Jfi/dtaien  of  ikI 

soihi  throw  down  a  pale-green  bulky  hydrated  oxide  ot 
insoluble  in  excess  ot  the  alkali.     The  onrfxtfuiteti  of  thf  . 
nn'tah  give  a  pale  apple-green  precipitate  of  basic  carl)onaie  of 
nickel,  which  is  readily  8<dublc  in  carbonate  of  ammonium.     F«i^ 
viKifttnide of  p(.>Uuiahim  «^\vQA  a  greenish  whit4?,  \\n^  ffrf!<yanld«\ 
of  pntajialiim  a  yellowish-green  precipitate,  both  of  which  are 
soluble  in  hydrochloric  acid.     Aoid  (Mulntr  of  pfttasinxim  in  *| 
neutral  solution,  if  not  too  dilute,  causes  the  deposition  of  a  grwn- 
iah-white  sparingly  soluble  <loublc  oxalate  of  nickel  and  pota^siam, 
soluble  in  excess  of  ammonia. 

(73<))  Ktthnation  rf  Nickel. — Nickel  is  l)e8t  estimated  in  the 
form  of  protoxide  which,  when  precipitated  by  means  of  canstic  1 
potash,  reiiuires  patient  washing  with  hot  water  to  remove  thol 
adhering  alkali ;  100  parts  of  protoxide  of  nickel  contain  TSilTJ 
of  the  metal. 

S^qHtratioiiof  Nlchdfrom  theAlJfoiim  ami  Earth*,  andfn 
Zinc. — For  this  purpiose  the  same  i>rocesse3  as  those  adopUJd  for 
the  separation  ot  cobalt  (T2S)  may  be  enmloyed. 

(737)  Si'paratlon  fnnn  Cof»tU. — Tliffitllowing  method.  advimMll 
by  Liebig  and  sliglitl}'  modified  by  lladow,  is  the  U-at  f<»r  ihii 
purpo?.e.     Tiie  nitric  solution  of  the  cobalt  and  nickel  haring  h 
freed  from  all  other  metals  except  pota.ssium  (»r  Sodium,  afV 
nearly  neutralized  with  c.irlxinate  of  pitassinm,  is  mixed 
excess  of  hydrocyanic  aciil,  and  then  with  ]>ure  caustic  ) 
which  the  mixtlU'e  is  left  exposed  to  tin*  air  in  a  shalli. 
for  a  few  hours.     During  this  time  oxygen  is  alworlM-d,  uud  \\\i 
liijuid  acouires  a  pale  yellow  colour.     A  cobalticvanide  of  pc 
slum  (KiC^"'  .v,>  >''  tVirme<l,  and  a  double  cyanide  of  nickol 
potassium  {•i  f\Cy,?fiCy,)  is  produced  at  the  same  time.     Tlw 
maiioii  of  the  cobalticvHuide  uiav  be  trncc<l  as  follows:  cva 
»)f  c^.balt  is  first  formed;  '2  II(Jy-feo+4=6o(;y,,     "'  '  -         ' 
oynni<le  of  cobidt,  by  expostirc  to  air  with  an  eX'" 
potiissiuio  iiinl  i  micacid,  ■ 

wliilst  oxygen  I-  -ilauflwn  i\ 

+  4  UCv  +  e,  =  4  K.eoC^',  +  2  iljcf. '  The  double  cyanide 


rRAXIt-M. 


4S5 


funi  is  verv  siinjilv  tonucd  ;  for  with  nickel  no 
c:orii|iouiul  (:urri•^l^(lll(liIl';  to  tlie  (■(ilmltirvHiiitli:'  is  obtiiiiicrl  ;  4  KCy 
-|-Nie  +  H,e=-J  K(y,S;fi(\,  +  2  KIH).  If  tl.e^tron-ly  alkaline 
fiolution  be  now  builcfl  and  asdlutinn  nfniertfuric  nitrate  be  added 
in  slight  excess,  ho  as  to  jircMhiee  a  iirfri])itnte  whicb,  from  it^ 
yellowish  colour,  eliows  that  the  oxide  of  niercnry  ij^  in  exceps,  the 
nickel  eaJt  is  deciomposed,  Lydratod  oxide  of  nickel  is  precipitated, 
and  evJinide  of  niercurv  it*  produced  ;  2  KCy,?flCy,  +  HgO-f-H,0 

The  cubulticyiuiide  of  potassium  is  not  decoiuposcd  by  the 
oxide  of  mercury,  but  remains  in  solution,  and  niav  be  filtered 
from  the  oxide  of  nickel,  which  re<iuires  to  be  carefully  ignited  in 
a  platinum  crucible  till  it  ceases  tolose  weif^ht.  After  cautiously 
neutralizing  the  filtrate  with  nitric  acid,  the  cobalt  may  then,  by 
the  addition  of  a  solution  of  mercurous  nitrate,  be  prccipitatecl  as 
a  white  mercurous  cobulticyauide :  the  precipitate  is  collectetl, 
dried,  and  ignited,  when  pure  oxide  of  cobalt  is  left. 

K,  instead  of  precipitating  the  mLxed  cyanides  by  mcaue  of 
mercury,  a  solution  of  chloritle  of  soda  be  added  in  excess  to  the 
boiling  alkaline  liipiid,  in  •luaiitity  sufficient  to  destroy  the  free 
cyiuiide  of  potassium,  the  nickel  Is  precipitated  of  an  intense  black 
aa  Besquioxide ;  in  this  form  it  may  be  readily  washed,  and  by 
ig:nition  it  may  be  converted  into  the  protoxide,  in  which  state  it 
ui«y  be  weighed  Traces  of  nickel  which  escape  discovery  by 
other  methods  may  thus  often  Lm  detected  in  c^jbalt.  Care  Uiust 
bt*  taken  to  ascertain  the  absence  of  niHiiganese,  as  it  would  go 
down  with  the  nickel,  accompanied  by  traces  of  iron,  if  the  latter 
metal  were  present.  . 

§  in.  Ubanitm  :  e=120,  or  U=60.    Sjf.  Gr.  184. 

(736 >  Urantum  is  a  metal  the  compounds  of  which  are  but 

*[  '  '  distributed  over  the  surface  of  the  eartli.  It  was  origi- 
ij ; .  ivered  by  Klaproth,  in  ]>itchhffinh\  whicl i  ci  nitains  nearly 

8«J  uer  cent,  of  the  black  oxide  of  uraninui  (2  trO,lf,0,);  the  re- 
tiiAinder  of  the  mass  ctmsists  of  variable  quantities  of  copjjcr,  lead, 
iron,  arsenic,  and  frequently  of  cobalt  and  nickel.  UiHintte,  which 
is  a  mineral  of  micaceous  structure,  of  rarer  occurrence,  consists 
of  ft  hvdmted  double  phosphate  of  calcium  and  uranium  (^a" 
2  (F.e'j"  2  Pe.,  8  II,e,  or  Ca(  >,  2  I',(  >„?().,  8  HO).  ChalrolIU 
{6u"  2  (^,0,y'  2  Pe„  8  II,0)  is  a  similar  mineral,  in  which 
copper  tiikev*  the  place  of  (.-ulcium. 

In  order  to  extract  uranium  from  pitcliblende,  tiie  mineral  is 
heated  to  redness,  and  thrown  whilst  red-hot  into  water,  after 
which  it  admits  of  being  rea<lily  pulverized  :  Ebehuen  then  treats 
the  ore  in  the  following  manner : — The  tine  jwwder  is  washed  with 
diluted  hydrochloric  acid,  heated  with  charcoal,  and  digested  in 
jitrotig  hy<irochloric  acid,  by  which  the  earthy  matters  and  most 
of  the  ir<in,  arsenic,  and  sulphur  are  removed  :  the  washed  residue 
is  roii^finl  and  then  troutcd  with  nitric  acid  ;  the  s«)lution  thusol> 
tained  U  eraporated  nearly  to  dryness,  to  expel  the  excess  of  acid 
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cipitate  of  bydrated  oxide:  this  precipitHto  absorbs  oxygen  sad 
becomes  vcllow  from  tho  formation  of  gcsqaioxitU*  nf  nruuiuin, 
which  united  with  the  excess  uf  ulknli.  Suljthufvlled  hi/drvQe* 
produces  no  precipitiite;  but  svlphide  of  ammoniwm  ocoHsioosa 
olackdeptTsitof  sulphide  of  uranium.  Oxtif<ttet{fnmr/f 
a  greenish- white  precipitate  «if  uruuous  oxalate.  Soli 
green  salt*i  of  uranium  absorb  oxygen  rapidly,  ancl  arc  cuuvcrttol 
by  nitric  acid  into  uranic  salt*,  even  witliout  tlie  aid  of  heat. 

2.  The  tiranic  snltj*  are  yellow.  Their  dulutions*  give  with 
a/n7nortm  a  yellow  precipitate,  conftisting  of  uranate  of  aiumoiiiion ; 
witii  ferroinjankle qf 2^tastiinnt.  they  yield  a  hair-browii  preeipiuitK. 
By  tne  action  of  ammonia  they  are  distinguifhed  ut  once  fn>iu  the 
compounds  of  copjier,  which  give  a  blue  (Solution  on  the  additicm 
of  an  excess  of  ammonia,  though  they  yield  a  precipitute  witli  tJw 
ferrocyanide  similar  in  colour  to  that  furnished  by  the  fialt»  of 
uranium.  Sulfhurclted  /ii/droyim  produces  no  precipitate,  btit 
nuJphl<h<  of  aininonlurn  ^WW  a  yell<»wisli-bn)wn  sulphide,  ^'ifr> 
homiii^^  oj-  the  allcalitie  nietah  give  a  yejlow  gramdar  precipitate, 
soluble  in  excess  of  the  preciprtant ;  these  precipitates  arctloaWe 
carbonates  i»f  uranium  and  of  the  alkaline  metal  employe*!.  With 
infujiion  of  nut.-galJ.ii  a  dark-brown  prLuipitate  is  piNxiuctnL 

(742)  Ent'nmdiim  of  Unmlum. — Iraiiium  is  usually  estiiuHtcd 
in  the  form  of  ]>rot(>xi(]e,  to  which  it  is  reduced  by  licating  tlie 
Bosquioxide  to  redne,'<s  in  a  ghtss  tub;  in  a  current  of  hydn*gcn; 
the  tul>e  mti'if  be  sealed  U])  whilst  full  of  hydrogen,  ami  weigLfJ 
in  this  condition,  to  prevent  the  oxide  Irom  reabsorbiug  oxyge 
from  the  air. 

irraniuin  i<«  separated  from  the  alkalies  by  converting  it 
a  uranic  salt  by  nitric  acid,  if  not  aln'ady  in  that  ccmditlim,  »Ui 
then  precipitating  it  in  the  form  of  yellow  uranate  of  auiumn 

If  barium,  strontium,  calcium,  or  magnesium  be  present,  the    

tion  of  sulphuric  iicid  se])arates  tlie  first  two  in  tho  form  of  sul- 
phates; if  cidciinn  or  magnesium  l»e  pret»ent,  tho  solution  is  fil- 
tered from  till-  precipitate,  tho  filtrate  evafjorated  to  dryness,  am 
then  heate<l  with  alcohol  of  spe<!itic  gravity  0'iKM>;  the  sulph 
uf .calcium  aixi  maifiieaium  remain  unacteil  u]x>n,  whilnt  the  arani 
sulphate  is  dis.snlved. 

Aluudnum,  giiicinum,  zinc,  cobalt,  and  nickel  may  be  MJ] 
rated  from  uraiiiimi  by  iulding  acid-carl ii»nate  of  ]>otas6iiim 
excess  to  the  acidulated  s(»lution  :  a  double  carbonate  of  [lotaasiai 
and  uranium  remains  in  the  litjuid.  whilst  the  earths,  iind  oti 
jnetallic  oxides,  are  precipitated.      For  the  success  of  this  expei 
ment,  it  is  necessary,  if  salts  of  ammonium  be  pre«?nt,  that  the^ 
should  be  expelled,  Ity  evaporating  the  solution  to  dryneM  an 
igniting  the  residue,  before  cflecting  the  precipitatioa  of  tbi 
A'ariuuB  bases  witli  the  acid-carix)aate  of  p.>tussiuui. 


§  IV.  Ibox  :  Pe"  =  56,  or  Fe  =  38.    Sp.  Gr.  7-844. 

(7+3)   Comlition  of  Iron.  in-N^aiure. — Iron  is  more  exteiuU 
diffused  than  any  other  metal :  n  •  ■'■■^-  ■    't  ubuudaiit  lu  tlie  11 
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Sinlc  creation,  bat  it  is  an  essential  constituent  in  the  blood  of 
e  vertebrate  animals. 

Iron  lias  been  occasionally  found  in  the  native  form  accom- 
|»anviiig  the  ores  of  platinum ;  but  when  it  occure  in  the  metallic 
iitute  it  is  generally  met  with  in  the  meteoric  niae.8e8  assoeiated 
trith  nickel,  cobalt,  and  small  quantities  uf  other  metals,  among 
whidi  are  copper,  manganese,  and  chromium.*  Some  of  these 
nmeties  which  have  fallen  in  an  ignited  state  from  the  atmosphere 
are  of  verv  considerable  size.  One  discovered  in  Sibena,  by 
Pallas,  weiijhed  ItJOO  lb.,  and  a  block  iViund  in  the  district  of 
Chacu-Gmdamba,  in  South  America,  is  estimated  at  between  13 
and  14  tons  weight.  These  e.\ti'a(.»rdinarj-  bodies  are  unimportant 
as  snun'cs  of  iron. 

The  ores  of  iron  are  numerous.  The  most  valuable  are  the 
following : — 

1. — Matjnetic  Iron  Ore.,  or  Zo(uhtvne  (FeO,Fe,0, ;  Sp.  Gr. 
§•09). — This  is  found  in  enormous  niasses,  or  even  mountains, 
amongst  the  primary  tbrmations.  Much  nf  the  bcHt  Swedish  iron 
\a  obtuiued  from  this  material,  which  is  als«i  al»undaiit  in  North 
America.  OcciUiionally  it  is  found  in  detached  octohedral  crys- 
tabs.  Coal  is  absent  in  those  fonnations  in  which  this  mineral 
occui's ;  hence  charcoal  is  the  fiiel  ordinarily  employed  in  smelt- 

•  AiTolit^s,  or  moloorio  Btoues,  may  bo  subdivided  into  three  principal  groups, 
ll»»  fin't  nf  which  consists  of  metiiltio  lunBScs,  ttud  these  are  the  most  common ;  the 
v  contains  no  metallic  iron,  but  coneists  often  of  crysiulline  mincral.t; 
I  not  uncomnion  form  is  ootnposfd  of  a  mixture  of  the  metallic  and 
I^Tori'Mj  in  the  same  uptciiufu.     These  ditVort-Dt  Itinda  of  nerolitea  are  inclosed 
""l  crust  or  rind  of  a  few  hundredths  of  an  inch  iu  ihiclcnes!!,  presenting  a  plossy, 
Kjilrn    ■,r  veined  surface.     The  crystalline  minerals  which  have  been  observed 
;ic  nature,  and  constat  of  olivine,  viirieties  of  augite  and  leucite,  anor- 
Uiil  niorite ;  iu  addition  to  these,  chrome  iron,  tinstone,  magnetic  iron  ore,  and 

ptjlie  pyrites,  besides  nickeiiferous  metallic  iron. 

hr  musses  of  meteoric  iron  themselves  lUso  display  crystalliae  strueturo.     When 

■|'.  ■  rface  of  ono  of  these  metjJlic  musses  is  immersed  in  nitric  acid,  the  dif- 

-  of  the  surface  are  unoqunlly  acted  upon,  as  was  first  noliced  by  Wid- 

1   ..  ^,.r ,  B  of  lines  erosfiii^  each  other  iu  three  different  dirfctions  l>e- 

II  them  are  broad  shallow  spaces,  less  deeply  etched,  and 

i:ese  retain  iiieir  pohsh  and  resist  the  acid;  these  buuda  coo- 

s'A  lliuu  Uie  rest  of  the  muss. 

nf  these  meteorites  is  unknown ;  but  it  is  an  opinion  generally  received, 

r.  -ids  or  planetai7  d\i8t,  fragments  of  which  from  time  to  time  come 

(if  the  earth's  attraction:  these,   by  friction  in  tlieir  rupid  flight 

^  ,...i ....  o  atmosphere,  become  ifpiitvd,  and  ullimatoly  reach  the  surface  of 

M  the  constituents  of  these  n^eteorites  twenty-two  elementary  HubstauceB 
ind,  but  no  element  not  previously  known  to  be  of  terrestrial  origin  haa 
.  d.    The  following  are  the  met<^oric  elements,  partly  in  the  earthy, 
U,v  111  0:0  metaUio  portions : — 


Iron. 
Cobnlt. 
Kt(.<kel. 
(^  Chromium, 
mese, 
pper. 
Tin. 


Miiirtiesium. 

Calcium. 

Potassium. 

8<^)diura. 

Aluminum. 

Titanium. 

Silicon. 

Carbon. 


Arsenic 

PhosphoruB. 

Nitrogen. 

Sulphur. 

Oxygen. 

Cliloriue. 

Bromine. 


OMtollio  portions  oon«ist  chiefly  of  natiro  iron,  which  conlains  sulphur,  pboa 
CBTlKin,  m;in){aueBe,  matrnosiiim,  nidcel,  cobalt,  tin,  and  copper. 


OBES  OF   XSOX, 

ing  it.  Tlik  fuel  eoDtaius  a  smaller  amoQnt  of  ask  di&n  coal; 
fewer  impurities  are  therefore  introduced  by  it  during  the  fuielv 
ing  than  wiic-n  coal  is  vn^ ;  and  as  the  ore  ifaself  is  generally  rm 
pure,  the  metal  which  it  furnishes  is  uf  excellent  quality.  Tte 
tron  »>ind  found  at  NeUore,  in  India,  and  emphived  in  tlie  tnaaii- 
£ujtiire  of  woote,  eotisiats  chiefly  of  magnetic  oxide  of  iron, 

3, — Specular  Iron  Ore,  or  i^er  Ofufistej  S/k  Or.  5-:^,— Tliii  t< 
an  anbydruiu  seaquioxide  of  iron  (^Fe,0,) :  it  oet-nrs  in  tWfiriniaT 
lucks.     The  principal  part  of  tlie  eelebntted  Elba  ircjn,  and  akt  i 
lu^e  (juantitT  of  Russian  and  of  Swedi.-.li  iron,  are  obtained  &wi 
this  source.     {.'harct>al  i&  iq  this  case  al^u  tlie  fuel  etuploretl. 
3. — Rod  IltgifMiiie  (Fe,0,.  »p.  ^r.  atjont  5"0)  is  another 
of  tbe  anhydnins  *e*<juioxide :  it  is  Boiuetiiues  found  mi 
but  more  ^aurally  in  tibrons  crystalline  nodules.     This  ore 
lai^ly  raised  in  Lancashire  and  iqsome  parts  of  Cornwall,   ll 
b  ^tdoiu  eiueUed  alone;  but  it  forms  a  valuable  addition  to tlii 
clav  tron<«tone  of  the  eoal-nieftiures. 

'^.—Brturn  HmHatUti  (i  Fe,0„  3  H,G) ;  Sjk  Gr.  alHml  S-?.— 
Thb  is  a  hydrated  -^-^^uioxide  of  iron,  which  g^enerally  occurs  ill 
fibrooe  or  in  compact  masses.  It  is,  however,  al&o  met  rilliin 
tlie  oolitic  strata,  in  some  parts  of  France,  in  the  form  of  rountM 
maBBOstenn^l  peeniron  ore,  mixed  m'ith  a^uiall  proportion  of  clkr, 
Much  of  the  French  iron  is  ol>t seined  from  tliia  source.  Bfovra 
hiipinatite  U  readily  soluble  in  hydrochloric  acid ;  it  U  less  pefrM- 
tory  in  the  furnace  than  the  preceding  variety.  The  browo  ta^ 
matite.,  when  roasted,  becomes  porous  from  the  loss  of  itj!  water. 
and  ift  tbu!'  ri-ndered  more  maniigcable.  SHxe^l  with  vnriaWe  jin)- 
portions  of  earth  or  elay,  and  sometimes  with  oxide  of  maiigaaerf, 
this  oxide  of  iron  forms  the  varieties  of  umber  and  ochres,  If 
0«--ciir&  priinijiallv  in  the  secondare'  an<l  tertiary  depifsits. 

o.^Sjkitfd'e  iron,  or  Carhmnite  of  Iron  (FeP0,);  Sp.  CV.3S. 
— This-  is  fttund  in  ervstalline  mass^es  often  eonibined  witli  carK*- 
nate  of  m8^ne«ium  and  with  a  considerable  |Kirtion  of  niaiigt 
nese,  ii:j  in  the  i^axony  ores.  Much  of  the  so-called  natund  ^d 
is  nvadc  from  this  ore, 

Ck — i.'htij  h'uiistfme  is  the  chief  sonrcje  of  the  enormous  qnut* 
tity  of  iron  mannfactured  in  Great  Britain.     It  is  an  impure 
carlK>nate  of  iron,  containing  generally  from  30  to  33  per  cent,  of 
metallic  iron,  mingled  with  varying  pro])ortion8  of  clay,  oxide  ot 
mangjtnese,   lime   and   magnesia.       This   argillaceous  ironstone 
occurs  in  bands  l)roken  up  into  nodules,  or  in  continuous  seiun&i 
from  two  to  fourteen  inches  thick,  alternating  with  beds  of  co»» 
clay,  shale,  or  limestone,  in  the  coal-measures  diffused  over  larjJT* 
areas  in  South  Stattordshire,  South  Wales,  and  some  other  par't: 
of  Great  Britain.     It  is  al^^o  found  in  the  United  States,  and  » 
Bohemia  and  other  countries  of  central  Europe.     It  has  a  specit*^ 
gravity  ranging  l)etwcen  2*7  and  3"47. 

T. — The  black  band  of  the  Scotch  coal-fields  is  also  a  ca^ 
bonate  of  iron,  but  the  principal  foreign  matter  in  this  mineral 
wliich  often  amounts  to  25  or  30  per  cent.,  is  of  a  bituminous  o  ' 
combustible  natvire. 
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Ills  LronetouG  has  liocn  foiinil  abuiidaiitly  in  the  oolite 
iotliei.  iiIkhhI  of  Xortlwnn]»ti>n.     It  yieliie. )iii  int'i>ri«ir  iron; 

owing  tii  Uie  jiiosojifo  of  a  lar^e  (jnaiitity  uf  jtlKtiipIiates  in  the  ure. 

1*. — Another,  but  cuujparativcl  y  an  unimpoilunt  ore.  of  a  brovra 
colour,  known  a*  hog-^inm  ore,  is  a  mixture  of  hydratf<|  sesqui' 
oxide  and  pliosphate  of  iron  in  variable  proportions.  It  occorein 
inarHhy  alluvial  districts,  near  the  surface. 

Injn  pyrites  (FeS,),  thonijh  a  very  abundant  mineral,  ia 
wrought  only  for  the  sake  of  its  sulphur,  bccaui^e  the  iron  which 
it  fumislips  IS  not  pure  enough  for  ubg. 

(744)  SuELTiNo  OF  Clay  Ikonsimne. — After  the  ore  has  l>een 
bniken  up  into  masses  about  the  size  of  two  fisits,  it  is  roasted,  in 
order  to  expel  water  and  carl>onie  acid  ;  the  mass  Ls  thus  left  in 
a  porous  state,  highly  favourable  to  its  sul^sequent  reduction  ia 
tl»e  furnace.  The  roasting  i*  sometimes  performed  in  kilns,  but 
Ufjuidly  in  heaps  in  the  open  air.  If  tliis  operation  is  to  be  ef- 
fen'ted  in  the  open  heap,  a  i)lat  of  ground  is  leveled  and  covered 
\*nth  s  layer  of  coal  in  lump!*  to  tlie  deptii  of  l<i  or  12  inches;  this 
i.*  i\  by  alternate  layers  of  the  mineral  and  of  small  coal. 

Til  ^  lity  of  coal  required  in  tlic  ca.se  ol'  liie  black  band  ia 
oiton  very  i^mall,  as  the  ore  itself  ti'equeiitly  contains  sufficient  in- 
flatumnble  matter  to  con- 
tinue burning  when  once  ^"^' 


345. 


well  ii<rhted.  The  heap, 
when  finished,  is  14  or  15 
feet  wide,  h  or  10  higii, 
and  of  great  length.  The 
tir«  is  kindled  at  Uie 
windward  extrendtv,  and 
allowed  to  spread  gra- 
danlly  through  the  uuiss. 
This  jirelindnary  ojje- 
nttion  occupies  some 
months  for  its  comple- 
tjon.  The  roasted  ore 
M  then  ready  for  the 
smelting. 

The     hlasi    funuice 
employed  for  this    pur- 
ls   represented    in 

tion  in  fig.  34.5.  The 
Tnternal  cavity  in  shai>e 
resembles  a  long  narrow 
funnel  inverted  n]>o)i  the 
mviuth  of  another  sliortt-r 
funntd.  These  furnacc' 
lire  iisnnlly  about  50  feel 
high,  and  from  14  to  17 
fcft  in  diameter  in  the 
widc-tt  part  of  the  cavity. 


mm'Mm 


/ 


ri-i 


T 


The   lowest  jwrtiou,  f,  or  neck  of  the   funnel,  is  termed  th' 


times,  is  closed  with  sand  and  clay :  k,  k,  are  j 
allow  the  workmen  free  access  to  the  tuyeres  an* 
of  the  furnace,  the  base  of  which  is  kept  dry  and  ■ 
the  arched  channels,  m.  Above  the  crucible  the  fi 
widens,  forming  the  boshes,  d;  the  lining,  c,  is 
bricks,  which  are  continued  up  to  the  throat,  a, 
the  whole  is  cased  in  solid  masonry,  e,  e,  and  su 
bands.  When  working  regularly,  such  a  fnm; 
through  the  opening,  b,  near  the  top,  at  intervals, 
and  then  with  a  suitable  mixture  of  roasted  ore  ai 
flux  broken  into  small  fragments.  As  the  fuel  b 
the  materials  sink  down  gradually,  fresh  layers  of : 
are  added  ;  so  that  the  furnace  becomes  filled  wit 
ers  of  each. 

The  principal  substances  which  are  acted  upo: 
nace  are  the  following  : — 

1st,  the  oxygen  contained  in  the  air  of  the  1 
roasted  ore, — consisting  of  oxide  of  iron,  silica  ii 
sand  or  quartz,  clay  or  silicate  of  aluminum,  and  a 
and  oxide  of  manganese ;  3rd,  coal  or  coke, — co 
of  carbon,  with  a  small  proportion  of  hydrogen 
bonate  of  calcium,  which  m  the  heat  of  the  frimac 
quicklime. 

(745)  Theory  of  the  Blast  Furnace. — The  ch( 
may  be  traced  as  follows,  beginning  at  the  bott 
nace : — The  oxygen  contained  "in  the  air  of  the  b 
it  comes  into  contact  with  the  fuel  in  the  crucible, 
the  carbon  and  forms  carbonic  anhydride,  attend 
bustion  of  intense  activity.     The  blast  is  thus  so 
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ic  oxide  becomes  mingled  with  carbtiretted  hydrogen  and 
^dix^n,  which  are  derived  firom  the  fuel  contained  in  the 
part  of  the  charge,  as  it.  gradually  descends  towards  the 
)f  intense  heat  below.  A  proportion  of  the  gases  which 
from  the  opening  at  the  top  of  the  fdmace,  varying  from 
M)  per  cent.,  is  combustible ;  the  remainder  consists  princi- 
)f  nitrogen,  with  a  small  amount  of  carbonic  anhydride, 
•e  having  been  rendered  porous  by  the  previous  roasting,  is 
penetrated  by  these  ascending  gases,  by  contact  with  which 
>n  becomes  reduced  in  the  upper  part  of  the  boshes,  where 
tat  is  comparatively  moderate,  ^y  degrees  the  reduced 
mixed  with  the  earthy  matter  of  the  ore,  sinks  down  to  the 
r^on.  Here  the  earthy  matters  melt  and  become  vitri- 
ffhust  the  iron,  in  a  minutely  divided  state,  being  brought 
>ntact  with  the  carbon  of  the  fuel,  combines  with  it  and 
the  fusible  compound  well  known  as  cast  iron.  This  car- 
»f  iron  melts,  sinks  down  below  the  tuyeres  through  the 
•  vitrified  slags,  and  is  protected  by  them  from  the  further 
of  oxygen.  The  bulk  of  the  slag  is  5  or  6  times  as  great 
t  of  tne  iron  produced :  it  floats  above  the  melted  metal, 

«  entered  into  combination  with  carbon,  and  bad  united  with  the  potassinni 
id  in  small  quantities  in  the  ore  and  in  the  ashes  of  the  ooaL 
fiimaoe  in  which  these  experiments  were  made  was  40  feet  deep  from  the 
he  charge  to  the  hearthstone,  and  was  charged  every  twenty  minutes  witb 
of  calcined  day  ironstone,  containing  about  60  per  cent  of  oxide  of  iron, 
of  coal,  and  170  lb.  of  limestone:  each  charge  yielded  140  lb.  of  pig-iron. 
St  was  under  a  pressure  of  6*75  inches  of  mercury,  and  had  a  temperature  of 

«e  chemists  state  that  at  a  depth  of  2f  feet  from  the  tuyere,  or  34  feet  from 
of  the  furnace,  the  gases  which  they  collected  contained  1'34  per  cent,  of 
>o.  The  following  table  ftimishes  a  summary  of  the  results  which  they 
d: — 

Anah/tis  of  Gasts  from  a  Eot-Maai  Furnace. 


li  from  the  top 
ht  from  tuyere 

5  feet 
32 

8 
29 

14 
23 

17 
20 

20 

17 

24 
13 

1 

34 
2} 

)gen 

Muo  auhydride 
onic  oxide.... 

hgas 

•ogen 

m  gaa 

ogen 

56  35 
7-77 

25-97 
3-75 
6-73 
0-43 
000 

54-77 
9-42 

20-24 
8-23 
6-49 
0-85 

o-oo 

50-95 
910 

19-32 
6-64 

12-42 
1-57 
0-00 

65-49 
12-43 
18-77 
4-31 
7-62 
1-38 
0-00 

60-46 
10-83 
19-48 
4-40 
4-83 
0-00 
0  00 

56-75 

10-08 

2519 

2-33 

5-65 

0-00 

trace 

6806 
0-00 

37-43 
0-00 
318 
0-00 
1-34 

10000     100-00 

100-00 

100-00  1  100-00 

1'  0-00 

100-00 

process  of  coking,  which  is  effected  in  the  upper  part  of  the  ftimace,  did 
ar  to  be  complete  untH  the  charge  had  ri-aclied  a  depth  of  24  feet,  but  wa» 
ive  at  a  depth  of  14  feet ;  the  principal  reduction  of  the  ore  seemed  to  take 
t  below  the  point  at  which  the  coking  was  completed :  the  maximum  heat 
iimace  occurring  between  about  3  and  4  feet  above  the  tuyere,  or  33  from 

furnace  fed  with  charcoal,  Bunsen  found  the  reduction  of  the  ore  to  com- 
earer  the  throat  of  the  furnace,  for  in  this  case  no  absorption  of  heat 
similar  to  that  occasioned  by  the  process  of  coking  the  coal,  which  takes 
the  upper  part  of  the  hot-blast  furnace.  The  body  of  a  charcoal  furnace 
ntly  did  not  require  to  be  so  high  as  that  of  a  furnace  in  which  coal  ia  used 
xperimentB  by  Ebeimen  lead  to  conclusions  substantially  the  same. 
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SLAGS — BMELTEXO   OF   CLAl 


and  is  aUo\red  to  flow  over  continually  nt  tli-' 

the  purpose;  whilst  the  iron  Ia  run  ojf  at  int.  

hours,  by  withdrawing  the  stopping  of  clay  and  oaud  tn»iu  the 
tap-hole  at  the  bottom. 

The  funijice  slags  constitute  an  imperfect  species  of  gla 
which  is  sometimes  more  or  less  distinctly  crystalliue.  aiid  whir 
varies  in  colour  with  it«  composition,  being  i:rvy,  bluf,  tniinj 
brown,  or  black.     They  consist  principnlly  of  silicat- 
uiMgnesiuni,  and  aluniiimui,  witli  gencridlv  a  small  i 
silicates  of  manganc>=.G  and  iron.     In  tlie  inrniation 
the  siliceous  matters  of  the  ore   react   u]>on    the  ■ 
lime,  magnesia,  and  almnina,  and  really  nenti-alize  theuj. 

The  general  corapotiition  of  these  slags  niay  bf  -><  n  fi-iin  di« 
subjoined  analyses  :  I.  A  slag  obtained   fi"oin 
by   Berthier.     IL  A  cold-blast  slag,  Tipton,  o 
D.  Forbes.     III.  A  hot-blast  slag,  from  coke-fiiniace,  by 
IV.  Average  of  slag  from  13  bla^t  fnnuicw  at  DowhiL-,  by 
the  last  three  quoted  from  Percy's  M'.UiUuti^ify  vol.  ii.  pp.  491 
499. 


O  I  - 1 1 1  <  <  1  <  I  -  J  t  J  M 


L 

IL 

m. 

rr. 

Silioa 

40-4 

11-2 

3-8 

38-9 
6-3 

traces 

39-63 
IS-ll 
20  J 
S-89 
3J63 
3-49 
1-Ott 
8-18 

37-91 
1301 
0-93 
2-79 
31-43 
724 
3  60 
3-6S 

43  07 

14-95 
2-53 
1-37 

28-92 
6-87 
1-84 
1-90 

traoea 

Ferrous  oxide 

Mouguiioug  oxide 

Iiiiuo  ..*■■■■.••.... 

Magnesia 

Potaali     

Stilpliidc  of  calcium. . . 
Piiosphoric  anhfdr. . . . 

99-1 

98-76 

9956 

100-35 

The  oxygen  in  the  bases  of  these  slags  is  noarly  tH^nal  in 
amount   to   that   contained   in    the   silica.     Tli 
Percy  approacii  the  formula,  6  [2(€'aM:gMnFe 
3  SiO,. 

The  composition  of  No.  I.  may  be  represented  by  the  formti 

5  [3  reaMgFe)e,2Sie,3 .  (2  Ai,e,,  &i^,). 

Iherc  are  several  points  which  reqnire  nice  AdjuBtment  io  til 
procer>B  of  reducti(»n.      The  slag  must  not  be  of  too  funili!*  t^ 

dpscriptioii,  otlnTwise  the  iron  falls  to  the  lM»t,tom   1     " 
thoroughly  cmnbined  with  tlie  carbon,  and  is   no! 
TT\cIted;  H  siitHciency  of  liiiir  should  always  be  prcsi-iil  ii 
i/.e  the  wiiolc  of  the  silica,  for  unless  this  be  attemled  ru, 
silicate  is  formed,  and  iron  runs  off  in  waste.     Indeed,  a  •mail 
excess  of  lime  is  advantageous,  ju*  it  removes  sulphur,  if  '•>•-"' 
in  the  shape  of  sulphide  of  calcium.     At  the  saims  tim>' 

.carcous  matter  must  not  be  too  abundant,  othor^  '       ' 
>f  the  furnace  i;*  obi^truclcil ;  the  slnir*  wMi-li  iir 

h!i  ^ihlc  (;liaracfer  aro   hut   i'  '* 

't  i  within  them,  it  is  again  i 


uud  tlio  product  of  the  furnace 


..Itit, 

iiminiahed,    iixj)eritaic« 
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pliown  that  tl»e  slags  (which  are  cliiefly  composed  of  tho  mixed 
ites  rtf  aluminum  and  calcium)  are  most  fusible  when  the 
of  the  silica  amomitu  to  double  that  in  tlie  bases  with 
_Eh  it  is  combined,  and  when  the  iirojiortion  of  lime  employed 
t«  flux  is  such  as  would  be  iHrnit^hed  by  adding  2  parts  ol  lime- 
\V'm  lor  every  three  of  clay  cuntained  in  the  ore ;  the  ratio  of  lime 
txittlinnina  l>eing  0  OaO  :  Al.O,.  A  slag  of  this  kind,  however, 
BUI  ouly  advantageously  be  formed  when  the  ore  is  emelted  with 
riiiu:coal,a  fuel  which  contains  but  little  sulphur,  and  which  allows 
tiw  rwiuction  to  be  eflected  at  a  comparatively  moderate  tempo- 
Tuture.  When  cual  or  coke  is  used  as  the  fuel,  an  excess  of  lime 
is  required  to  carry  off  the  sulphur  introduced  by  the  pyntes  of 
tk'  conl.  and  the  slag  which  is  jirtiduced  under  these  circumstances 
is  fiiund  to  work  most  advantageously  when  the  proportion  of 
OX)gen  in  the  bitses  is  nearly  c([ual  to  that  of  the  silica.  The 
temiicriiture  of  a  blast-furnace  fed  with  coal  or  coke  is  much  higher 
thftii  that  of  uue  in  which  cliarcoal  is  used.  Slags  containing 
aeviTiil  bases  are  more  fusible  than  when  one  or  two  only  are 

f resent,  the  different  silicates  aichng  the  fusibility  of  each  other. 
or  9,  summary  of  an  extensive  experimental  inquiry  into  the 
cfjni|iiisitinn  and  properties  of  slags,  the  reader  is  referred  to 
p€R-y'*  Jfefai/urffi/,  vol.  i.  i>p.  20 — iO,  and  vul.  ii.  htc.  t-it. 

Ill  the  process  of  smelting  it  is  also  necessary  to  proportion 
the  supply  of  air  rightly  ;  if  too  much  be  thrown  in,  the  turnace 
becomes  unduly  cooled ;  if  too  little,  the  supply  of  oxygen  is  in- 
Nifficietit  for  the  maintenance  of  a  proper  temperature  by  a  due 
(imount  of  combustion.  These,  however,  are  points  the  successful 
Illation  of  which  can  only  be  acquired  by  experience.  The 
earn  of  air  for  the  blast  is  not  su]>]died  in  intermitting  gusts, 
t>nt  is  equalized  as  much  as  possible  :  where  the  cold  blast  is  used, 
this  oliject  is  attained  by  empioving  an  air-chaml>er  or  reservoir ; 
witi  where  the  hot  blast  is  employed,  the  long  pipes  required  for 

t»ting  the  air  answer  the  same  pvirpose. 
(Til))  The  Hot  BUuit. — Tiie  nuuss  of  air  which  passes  through 
6  of  these  furnaces  is  enormous,  being  not  less  than  ltiO,0()0 
cubic  feet,  or  about  6  tons  weight,  per  hour.  It  is  evident,  there- 
W.  that  this  immen-se  volume  of  air  nmst  exercise  an  extraordi- 
jJ^fy  cooling  effect  upon  the  contents  of  the  furnace.  This  evil 
''tt^k'C'U  much  reduced  of  late  yeai-s  bv  the  introduction  of  air 
jHiieh  has  been  previously  lieated.  In  tiiis  contrivance,  which  is 
bioim  as  the  hot  bkmt,  the  air,  before  it  reaches  tlie  furnace,  is 
P»de  to  pass  through  a  series  of  pipes  which  are  maintained  at  a 
•^Ifu  temperature,  either  by  means  of  a  separate  fumace,  or  by  a 
P*^""ti(j[i  of  the  waste  heat  of  the  blast  furnace  itt.elf:  in  the  latter 
'^*  the  hot  gases  are  conveyed  through  flues  which  pass  from  the 
"pper  part  of  the  furnace  into  the  cbinnber  which  contains  tlie 
'.'Pes:  the  necassary  draught  being  maintained  by  a  chimney  fur- 
iisLed  with  a  damper.  A  jet  of  tne  blast  as  it  enters  the  fumace 
^'uuid  have  a  temperature  sufficiently  high  to  melt  a  strip  of  lead 
j^Qen  held  in  it.  The  temperature  of  such  a  jet  as  it  issjies  from 
|fttuy6i"e  is  somewhat  hij'lier  than  600''.     Mr.  Siemens  has  im- 

L . 
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proved  npon  tins  plan  l>y  fransinitling  tlic  g:i 

from  tlie  lnni!ioe.  tlii<pugli  wlint  lie  tcmis  »  T' 

simply  n  ditkiiilier  of  lirickwurk  tilU'il  wltli  iiro-1' 

as  to  allow  the  lioated  j^jases  to  circulate  trof  Ir  ai 

such  chamherft  are  prejiarcd  ;  as  soon  as  the  bricks  in  one  of  the 

chambers  are  red-hot,  tlie  current  of  ^f\&  from  the  furnace  is 

off,  and  directed  into  the  otlior  clmnilior,  in  order  t<.»  heat  it.     Ii 

the  meantime  a  current  of  cold  air  is  forced  through  th< 

chamber,  and  a  liot  blast  of  froni  1200°  to  1300°  is'thu*  ■ 

Eiicli  cliamber  is  worked  alternately;   the  one  l>eci' 

whilst  the  other  is  employed  in  heating  the  hiiist,     !■ 

large  proportion  of  the  heat  of  the  waate  gase*  may  be  eoono 

mized.* 

The  saving  of  fuel  effected  by  the  employment  of  the  hot  bl« 
is  immense,  and  is  much  greater  than  was  at  Itrst  anticipated  ;  2| 
tons  of  coal  are  now  amply  sufficient  tor  the  prodnctinn  "f  a  tnn 
of  iroii,  trom  ore  which  would  have  required  8  tons  r> 
l)last  w»i8  used.  This  saving  is  etibcted  owing  to  the 
several  causes,  one  of  wliich  is,  that  raw  coal  may  now  be  m 
the  furnace  instead  of  coke :  moreover  a*  a  smaller  quatittl 
fuel  is  required  in  the  furnace  to  raise  the  injected  air  to  tlie  n* 
cessary  temperature,  so  also  a  smaller  quantity  of  air  is  neede<lt<l 
maintain  the  combustion  :  combustion  takes  place  within  a  fihu 
time,  so  that  the  maximum  heat  of  the  furnace  is  ob'  '  '  ' ^vrf-t\ 
down  in  the  'cnicible,'  and  the  upper  portions  of  tb.  i^  do 

not  become  so  intensely  heated :  the  reduction  of  tin-  ore  om* 
quently  takes  place  nearer  to  the  bottom,  and  the  beat  i«  the 
concentrated  and  economized. 

In  every  metallurgical  process  a  particular  temperatnre  nil 
be  attained  in  order  to  secure  the  occurrence  of  the  reaction,  or  i 
the  fusion  which  is  desired.  All  fuel  consumed  at  tempcrat 
below  that  point  is  ineffective,  and  is  therefore  burned  to 
It  must  l>e  remembered  that  in  every  case  of  combustiim 
the  same  chemical  coniipounds  are  produced,  a  definite  weigl 
fuel  always  emits  a  definite  amount  of  heat ;  eonsc<]iientlv  il  nil 
raise  a  definite  weight  of  air,  and  of  materials  in  the  tnmaoe 
through  a  definite  number  of  dwrrees  of  temjierature ; — Say  tlw 
a  certaiti  weight  of  fuel  will  raise  the  tenrj)erature  of  a  jri**! 
charge  in  the  furnace  from  tlO"  to  2500°.  Now,  the  same  weigl' 
of  fuel  (if  we  neglect  the  quantity  of  heat  absorbed  ' 

•  This  process,  as  its  value  becomes  ftppreoiated,  will  no  douhl  i- 
tensive  nse  in  a  great  variety  of  ojicmlions  in  irietallurfry.     In  mnr; 
un  wonomy  q(  one-hnlf  of  tlie  fuel  oniiloycfl,  (pml  it  is  iKifwihlnto  •>\-: 
a  steady  and  uiiilbrm  t«inperutiire  :. 
quired  for  weldinir  iron.     It  is  now 


'.'i;il  liy  n  Hill-  unil  iiuri'.' 
imie  tlioir  work  nrc  p 
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of  tlie  specific  lieat  with  rise  of  temperature)  will  ftlso  raise  tlie 
•ime  cliorgc*  from  000°  to  3100°.  Suppose,  now,  tliat  iron  re- 
quired a  teiniH-rature  of  2800"  for  its  fusion,  no  amount  of  fijel 
lonied  so  as  to  prrwluoe  a  temperature  of  2500°  -would  l>e  of  any 
irail  in  etiecting  the  fusion  of  tlie  metal,  whilst  a  compare tivelj 
call  quantity,  starting  from  the  initial  temperature  of  HHO°, 
onld  produce  the  det^ired  residt. 

Eyen  in  a  hot-blast  furnace,  however,  the  quantity  of  fuel  which 
ivapted  is  enormous.  Bunsen  and  Playfair,  from  their  eI«l>orate 
periments  at  Alfreton,  make  the  almost  incredible  estimate  that 
wmewhat  more  than  ^ths  of  the  total  quantity  of  heat  producible 
from  the  fuel  consumed  is  lost,  owing  to  the  escape  of  unl)urned 
('(Hilmstible  matter  in  the  form  of  gases,  such  as  carbonic  oxide, 
curbiiretted  hydrogen,  and  hydrogen,  which  are  still  tit  for  use. 
Miict?  the  publication  of  these  researches,  Mr.  liudd  and  other 
imu-mafiter*  have  economized  a  portion  of  the  heat  contained  in 
iLe  escaping  gases,  in  heating  the  bla.st  and  in  generating  steam. 
The  iron  obtained  by  the  use  of  the  hot  blast  is  inferior  in 
tenacity  to  cold-blast  iron ;  a  circumfitance  which  appears  to  l>e 
partially  due  to  the  fact  that  the  projMirtion  of  silicon  is  gi-eater 
in  liot-  than  in  cold-blast  iron ;  it  is  also  to  be  noticed,  that  in  the 
('iiiiloyment  of  the  hot  blast  uncoked  coal  is  need,  a  tiiel  which 
toiii.iins  more  6ul|)hnr,  and  possibly  also  more  phosphonjs,  than 
i-vke,  which  is  require<i  in  working  witli  the  cold  blast. 

A  fiimace  in  full  work  requires  an  hourly  supply  of  i-ather 

ttore  than  14  ton  of  solid  material,  consisting  of  an  avei'age  of 

5  parts  of  coju,  5  of  roasted  ore,  and  2  of  limestone.     Tlie  rousted 

cl»y-iron  ore  yields  on  an  average  85  per  cent,  of  iron,  and  each 

puiiace  when  in  fiill  activity  liimishes  from  8  to  1<>  tons  of  metal 

^  the  24  hours.     Every  moniing  and  evenijig  it  requires  to  lie 

^Pped:  on  these  occasions  the  iron  is  run  into  shallow  groves  in 

tie  sand,  and  tonus  the  cast  iron,  or  pig-iron  of  commerce.     A 

food  furnace,  if  well  managed,  inay  be  made  thus  to  work  uiiin- 

'^'TTlptedly  without  repair  for  many  years.* 

(747)  y'ar't'eties  of  Cast  Iron. — Tlie  iron  as  it  runs  fi-om  the 
fi^fT^ace,  however,  is  not  a  pure  carViide  or  carburet,  for  in  the 
'i'^^nse  heat,  not  only  is  the  iron  reduced,  but  portions  also  of 
*|'*con,  aluminum,  and  calcium,  and  occasionally  otlicr  bodies  de- 
''^ed  ifrom  the  flux  and  from  tlie  fuel.  These  bodies  enter  in 
''^Ull  quantity  into  combination  with  the  iron,  the  properties  of 
^*iich  they  materially  modify.  Manganese  generally  accompanies 
"*^  ores  of  iron  in  greater  or  less  quantity,  and  frequently  com- 

^^^  •  The  prodnction  of  iron  in  Gr<>at  Britain,  in  1862,  flmouctcd  to  about  3,943.000 
^'*^  It  was  estimated  in  1855,  br  Mr.  Blackwell,  that  the  annual  production  of  iron 
^  different  ooaatriea  was  then  ae  followa : — 

Tnna. 

Belgium 206.000 

Russia 200,000 

Sweden 150,000 

Germany 100.000 

Otlier  States. 300,000 

^  *U,  cix  millions  of  tons,  of  which  Great  Britain  supplied  one-halil 
32 


Tom. 

Enpland 3,000,000 

[*fanoe 760,000 

?orth  America ,      160,000 

ii«8ia 300.000 

-Austria 260,000 
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liinca  witli  the  reduced  metal.    Cast  iron  differs  ^rr«ftt]y  In  .m-.illtjr; 
the  differences  obsorvefi  in  it  depend  in  part  TiiK>n  •!  in' 

the  proportion  of  «u*bon  and  silieoa  which  it  couiini-.  riiej 
eonipohition  ot"  the**e  carbides  vant«  coiisiderjihly  within  ciTtaini 
limit!*;  but  it  di.Kjs  not  appeiU'  that  iron  is  i*apai>1  '  iiij» 

with  moi-o  than  alxnit  5  nor  cent,  of  nirlMin.  nf 

carbon  having  the  r< imposition  of  Fc,f-\  i>r  t\v.  iU| 

consist  ufV>4"'J2  of  iron,  and  O'dS  of  craj'iMm;  ail  r|y 

the  composition  of  the  hardcHt  and  ii><>st  fuBibic  kiiuU»f  wUitcciwt 
iron,  which,  from  the  circumstance  of  ith  ervstjdlizinjj^  in  tint  l»ril«j 
liant  tal)lui»,  is  termed  by  the  Germans  n/flf^fjtveijicri  (it  mimir  iron^: 
according  to  Gurlt,  tlic  specific  >;ravity  of  this  carbide  is  "•65.  [ 
Spiegelei>en  is,  however,  not  a  jmre  carbide  of  in»n.  but  nln-at 
appears  to  contain  uiaiifranerte  in  amount  varvinp  form  '  '13| 

per  cent.    Fara<lay  and  iStixlart  found  the  most  bifrldv  'wl  i 

iron  which  tliey  could  pnxlucc  to  c<»nsirtt  i»f — irtrtt,  J>4'iJ*»;  cnriinti,  I 
rr(54.    Gurlt  {Chem,  (hiz.,  iS5ft,  p.  231)  has  ■described  anitther  da- 1 
tiiiite  form  of  cast  iron  (Pe,G),  tlie  oiitMftrfmU^  which  wheu  pure] 
ciintainA  2"B;i  per  cent,  of  carbon.     It  has  «  »p.  j;r,  7*75,  w  tif  wil 
iron-grcv  colour,  and  hiis  a  hardncs';  much  inferior  to  fclmt  of  the) 
tetnieaioidc,  being  slifjhtty  nialleabic.     It  crv 
octohedml  groupsi,  and  according  to  (Jurlt  i- 
tueut  of  grey  cast  iron.     The  e.xistence  of  tliii*  e»ui[">iind  ii.  proi* 
able,  but  cannot  Ite  n;?gaivle<l  jv*  abs<tlutely  proved.     In  iiiany^ 
varieties  of  cast  irxm  the  carlarti  exi.stA  in  two  ili^tinct  foniw,- 
onc  portion  >M?ing  cheniically  combined  with  the  met:*'    ''•  ■    'her 
being  mechanically  diifiiged  Ihnnigh  it  in  tlie  condition 
the  scales  of  which  may  l>e  <li.stinctly  i>«?eu  \silh  an 
when  the  surface  of  a  freshly  fractuicnl  bar  U  »>\ 
iscalcs  remain  unacte<l  ujmui  wIu-ji  the  metal  i 
aeid.s;  the  combined  cairbon  under  such  eircin 
hydrogen,  and  form*  an  oily-hM>king  li([iiid  of  ill  odour. 

In  a<ldition  to  carbon,  cast  iron  als<.)  coMtiiii)»  s^iliceti.  the 
portion  of  which  is  equally  liable  to  variation;  the  qnnntitic*  of 
silicon  whicli  have  been  found  in  pig-iron  range  between  3-5  ani:* 
0*25  i>er  (^ent.* 

The  table  on  the  opjxktiit' 
eral  comjKwition  of  some  \ 
meiM  were  all  inadu  in  the  ^umxv  funiiice.  and   witii  the  eguc 

*  Earston  found  that  Trheti  cm^  iron  ivjis  matted  \rtth  siitphnr  in  «  (ioTc>fmi  f4a| 

eruciWe,  tiu»re  wna  faroii"!   ■'•'   ■■•^■i:""    ■  |..v..r.,i   .,,,i,.i,,.l.  ,.t   .n  ., .1.,,  •-- 

llicu  u  layer  of  irr:il>)iil.i-' 

deiffif  of  firl>ur.'itii)iu     j 

nf  ili.'ooiapoeiag  sulpUi^W  i>l'  u<*u,  h>%i  hi><: 

On  the  mlilitinii  of  mil))liur  to  tli'«  moifp*! 

wntriiti-"]  iu  llinl  ]xirt  of  tlio  W        1 

nuturntipii  n-ilh  enrbon  is  rvo'" 

the  -- ,tl.,...;i,.    k,.ti,    r.v,... 

|iluu!,     Wln*u  tlj< 

iho  tvimpjiinii-)  wlii. 

of  oa»t  iron,  and  cxoit  lai  iiu^iLfn.iu 


oaupoemoaTapsroiTBOFCBTnEa  of  oast  xbon. 
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3-40 
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... 
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4-94 

0-75 
trace 

0-12 
88-57 
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0-24 
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0wtfBm   
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100-00 

100-00 

99-88 

10000 

rlnnBt. 


'the  grey  at  the  highest  temperature,  the  white  at  the 


'v.if&B  fiiaia^point  of  cast  iron  varies  with  its  composition ;  that 

(loKisrange  specimen  was  estimated  by  Daniell  at  2786°  F. 

Ill  commerce  there  are  three  principal  varieties  of  cast  iron, 

Lhown  respectively  as  Nos.  1,  2,  and  3.    No.  1  is  called  gret/  cast 

itBtt;  No.  2,  motded  cast  iron ;  and  Ko.  3,  white  cast  iron.    The 

int  two  contain  carbon  disseminated  in  an  uncombined  form 

ftpoogh  the  mass.    Grey  cast  iron  is  soft ;  it  may  be  filed,  drilled, 

todtm^ied  in  the  lathe,  and  through  somewhat  less  fusible  than 

ttBirinte,  is  prefBrred  for  casting,  since  when  melted  its  liquidity 

18  more  perfect.    This  variety  is  that  which  is  generally  produced 

from  a  furnace  in  good  workino;  order ;  if  cooled  suddenly,  it  is 

often  converted  into  white  cast  iron.*   The  fracture  of  the  mottled 

variety  is  in  large  coarse  grains,  among  which  points  of  graphite 

*re  distinctly  visible ;  it  is  very  tough,  and  is  valued  for  casting 

oniiumee.     It  may  be  obtained   for  this  purpose  by  partially 

■^fining  good  grey  iron.    White  cast  iron  contains  about  the  same 

■mount  of  carbon  as  the  mottled  iron,  but  the  whole  of  the  carbon 

appears  to  be  chemically  combined  with  the  metal.     The  white 

J^ety  passes  through  a  pasty  ■condition  as  a  preliminary  to  lique- 

"Ction ;  it  is  more  lusible  than  either  of  the  others,  is  lighter  in 

'"'lour,  very  hard  and  brittle,  has  a  lamellar  crystalline  fracture, 

"•da specific  gravity  varying  between  7*2  and  7"6.     It  usually 

pontes  less  siScon,  but  more  sulphur  and  phosphorus  than  grey 

^tt.    White  cast  iron  seems  in  some  cases  to  owe  its  colour  to 

^®  presence  of  manganese.    A  much  higher  temperature  in  the 

™^ace,  and  consequently  a  greater  consumption  of  fuel  is  required 

™r  the  production  of  grey  than  of  white  iron.    This  may  probably 

"■•iae  from  the  fact,  that  if  white  iron  be  melted  and  exposed  to  a 

t*  Aoeording  to  Le  Ouen  (Ann.  de  Chimie,  IIL  Ixix.  282),  if  good  grey  pig-iron  be 
^^  With  %{  per  oeat.  of  powdered  wolfram,  the  cast  iron  so  produced  is  rendered 
tJ^i  MioDget  and  more  elastic,  the  tenadty  being  increased  from  3  to  4:  if  the 
S^ftty  of  wolfram  be  increased  to  3  per  cent,  the  metal  becomes  still  harder,  but 
"WBoton^ 
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temperature  considerably  higlier  than  its  mc' 
cai'bide  of  iron  Ls  dccomposoti,  and  if  it  be  r. 

gradually,  a  portion  of  the  carbon  crystallizes  out  as  _  -i  1 

grey  ciust  iron  h  produced.     In  tho  process  of  castii ,_  ^    jr 

tides  this  carbon  eejiarates,  and  ie  thrown  off  in  the  form  of  bril- 
liant scales,  termed  by  the  caj^ters  hWi. 

The  peculiar  value  of  iron  for  ca.stin<r''  depends  upon  Ita  pro- 
perty of  exnaiidiiif*  at  the  moment  of  feolidittcation.  It  tha%  fur- 
nishes an  a<lmirable  material  for  taking  the  nu>st  minute  intprts- 
eions,  as  is  well  exemplitied  in  the  beautiful  castings  obtain 
from  Berlin. 

Small  articles  made  of  cast  iron,  such  as  key-bl«.»cks,  filirnijwj 
irons,  &C.,  may  be  rendered  malleable  by  packing  them  in  j»ow 
dercd  hsematite,  then  heating  them  to  redness  for  some  hours,  an 

llowing  them  to  cool  very  slowly.   In  this  cose  the  nr /  flu* 

ide  removes  a  portion  b<ith  of  the  carbon  and  of  tl 
"a  jirocess  of  cementation  the  reverse  of  that  which  t.i;. 
during  the  manufacture  of  steel :  the  carbon  is  gradually  ; 
from  the  outer  layer  of  the  metal,  an«l  is  slowly  tranjiuittt^ii  jmitti 
particle  to  particle  through  the  solid  bar,  till  it  reaches  the  6' 
face,  where  it  undergoes  oxidation  at  the  exjHjnse  of  port  of  tbi 


Specific  gravity 

Iron  (by  loss) , 

Brinl«. 

MaOekbU. 

7-684 

7-718 

95-732 
2-217 
0*383 
0-951 
traoe 
0015 
tnioe 
0-50'2 

98-7 11 
0-454 
0-440 
0-409 
tno» 

tnuw 

p«,i.«„    i  combined 

Silicon 

Aluminum , 

Sulphur 

PboaphoniB 

Sand 

100000 

100-nOO 

oxygen  of  the  haematite.  The  foregoing  analyses  contain  the 
resiilts  funiislied  by  a  sample  of  iron  botli  before  an<l  after  it  hnd 
been  thus  treated.  The  cast  iron  was  obtained  from  the  Lan«s 
cashire  brown  htematite. 

(748)  Converswn  of  Cast  Iron  rnto  Wro^iyht   Iron. — 1.   Ra 
fining. — The  pig-iron  its  delivered  from  the  furnace  is,  asalreadjj 
noti(!ed,  far  froiri  pure  :  it  contains  variable  quantities  of  rai 
silicon,  sulphur,  and  phosphorus,  besides  tracott  of  otht-r  iii( 
such  as  aluminum,  calcium,  and  potaseiuin.     Before  it 
converted  into  the  wrought  iron  of  i.sjmiiterce.  it  hiw  t«  nn* 
a  process  for  the  removal  of  these  extraneous  tnatturs.     Miutj 
castings  may  be  made  at  once  with  pig-irgQ,  but  it  cannot 
worked  at  the  forge. 

In  order  to  cfltect  the  purification  of  the  cnin       *•  ' 
necessary  to  expose  it  to  tlic  regulated  action  of  ■ 
temperature,  so  as  gradually  to  burn  off  these  oxidiiUibi«*  huUutttj 
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WW  Iwvo  the  iron.  The  pig-iron  is  usually  first  remelted  in 
♦luiuititics  of  tVuin  25  to  30  ewt.,  upon  the  licarlh  of  a  sort  of 
lort^e.  tcniiofl  tlie  ,pnerj/  or  r*'Jin*'f;/.  me  fire  of  which  is  animated 
by  n  cuhl  blast  ti'uiii  ii  tlunblo  row  of  blast-pipes.  The  sides  and  back 
of  the  hearth  are  formed  of  hollow  iron  cafitings,  through  which 
water  is  kept  continually  flowing.  During  this  operation,  which 
iBiits  about  two  hours,  and  is  one  of  the  most  wa.steful  both  of  fuel 
and  of  iron,  the  metal  loses  ti'om  10  to  12  per  cent,  of  it«  weight. 
The  silicon  is  more  readily  oxidized  than  the  carbon,  so  that  it  is 
the  impurity  which  is  tii-st  attacked  in  the  refining  process,  but  at 
the  ^ame  time  a  tmall  portion  of  the  carbtm  c<mtaiued  in  the  iron 
is  Imrncd  oti"  as  carbonic  oxide;  part  of  tlie  iron  also  becomes 
convertetl  into  the  protoxide,  which  unites  with  the  silica  furnished 
by  the  oxidation  of  the  silicon,  and  with  the  sand  which  adhered 
to  the  surface  of  the  cast  metal :  a  fusible  slag  consisting  of  fer- 
rous urtho-silicate  (Fe,"SiO,)  is  tlius  produced.  The  oxide  of 
iron  in  this  t^lag  again  reacts  upon  the  melted  metal,  and  l)y  im- 
parting a  portion  of  its  oxygen  to  the  silicon  and  carbon  dissem- 
inated through  the  mass,  buriw  off  an  additional  ipiantity  of  these 
6Ml>stanccs;  portions  of  suljduir  and  jihosplmrus  are  also  sei)a- 
rated  by  oxidation  in  this  process,  and  accimiuiate  in  the  slag. 
The  melted  iron  is  then  nm  off,  and  formed  into  Ji  flat  cake  2  or  3 
inches  thick,  and  as  8«x>n  as  it  begins  to  solidity  it  is  suddenly 
eooletl  by  pouring  water  ui)on  it ;  a  hard,  white,  brittle  muss  is 
thus  o1>tained,  which  is  broken  up  into  tViignieiitB.  In  tliisiipera- 
tion  coke  is  the  combustible  generally  made  use  of,  but  where  iron 
of  superior  quality  is  reipiired,  as  in  making  tin-plate,  charcoal  is 
employed.  Ordinary  coke  contains  sulphur  and  earthy  impurities 
which  injure  the  quality  of  the  iron. 

The.  effect  of  the  operation  is  well  exinbited  by  the  following 
analysis  quoted  by  Retrnault,  giving  the  composition  of  a  portion 
of  c:i."it  iron  before  refining,  and  a  portion  of  the  same  metal  after 
it  had  passed  tlirough  the  refinery  furnace. 


Oarboa 

^oon 

Phosphorus . 
Iron 


Before 

After 

reflnion. 

reHnlng, 

3  0 

1-7 

4-6 

0-5 

0-2 

92-3 

87  8 

lOO-O 


100-0 


jli^)  Pi'fhUing, — The  refined  metal  still  retains  a  considera- 
ble proj»ortion  of  carbon  and  some  silicon.  In  order  to  remove 
tiiem  it  is  next  introduce<l,  in  charges  of  from  4  to  5  cwt.,  into 
\\\e  piuidlinij  furnace.  This  consists  of  a  rcverberatory  furnace, 
connected  witl»  a  chiiniiey  40  or  50  feet  in  height,  and  capable  of 

Crciduciiiga  ]»owerfid  drauplit,  which  is  under  complete  command 
V  means  of  a  dumper.     I'ig.  34'»  represents  a  section  of  the  pud- 
dling furnace;  .v,  is  the  bed,  or  heiu-th,  upon  which  the  iron  foi 


502 


PUDDLnCO  OK  BOttJIfG. 


pmldling  is  placed  ;  b  ia  the  fire-place  witL  lii*-  jh/.-imhc  li>r  etdk- 
m(f,  winch  IS  cl'jscd  with  coal,  and  not  br  a  door  a6  is  ii^iial  in  i 
most  furnaces;  o  is  the  l)riilj^e  which  sepurftUjw  th«  in. 
metiil:  tlie  Iiearth,  a,  Ls  lined  with  cast-iron  ]»Iateii,  e.  i 
preveatod  from  ixjeltin"  by  tho  free  circulation  of  air  ij«i« 
them  :  c  is  the  flue  leading  to  the  chimnev,  i>,  at  the  tup  of  wl 
the  damper  is  shown ;  n  ia  the  plate  upon  which  tlie  iron  reefs] 
during  the  puddling  process ;  it  is  protected  from  tho  he»t  by  « 
coating  of  powdered  hamiatite,  of  saml,  or  of  slug  ;*  v  is  tho 
working  dix>r  of  the  furnace  through  the  upper  aperture  in  which 
the  puudler  works  ;  the  lower  aperture  is  dosed  hv  wnul  dnrin» 
the  operation,  and  ii  opened  at  intorvids  to  allow  \)v 
cinder  to  be  drawn  otl,  and  i  is  the  ^fl^mtt-hoU  or  aj»eii 
which  the  overflow  of  slag  is  removed. 

For  the  coanier  kinds  of  iron  tlie  furnace  is  sometimes  chmrged 
partially,  or  even  wholly,  with  pig-iron  that  has  not  been  refined. 

710.346. 
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Iron  which  has  imdergone  the  refiniik  ^s  never  bcH^moB 

completely  li«|ui«l  in  jmddling  as  when  crude  pig-iron  wempluji 
but  tiu<  protluct  is  a  metal  of  finer  quality. 

Suj»po-ing  th<*  crude  pig-ii-on  to  he  used,  the  pigs  slowly  Iteoora^ 
nielte<i,  and  the  metal  when  first  heated  forms  a  thick  pas-tv  iiiiMk 
wliich  gradually  Ivcomcj?  tluid.  and  at  length  i)crrcctly  lii^uiiL    At 


'  liiuu  U>  Jtiuiutlii  i\iv  iMu  \>i  iUiUdliuu 
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til  the  metal  becomes  vidlt-iitly  agitated,  ami  asinitTles  an 

a^  J  '•  i>f  linilinff,  owing  r<i  the  t-sijiijie  nl'  tlie  earlxinic  oxidt 

in  jets,  whioh  take  tire  imd  bum  with  a  bhif  flaino,  whilst  the 
melted  luast  swells  up  to  several  tiriics  its  ori^rinal  bulk.  It  is  now 
brisk! V  stirred  by  the  juiddler  to  jmniiote  oxidation. 

NV^iiou  rfjiiifd  iron  is  tised  it  i&  otYeu  mixed  M'itb  a  oertnin  pro- 
mjrtion  ot  t^caleu  of  oxide  from  the  forge,  and  is  then  gradually 
brought  into  eoin}>lete  ftiiiion,  earefuUv  avnidiiig  the  eontaet  of  fuel. 
Th<;  in;u»  ib  well  titirred,  »i  as  t<»  incorporate  the  oxide  of  iron 
with  the  melted  metHi;  oxygen  is  transferred  fruin  tlie  <»xirle  thus 
introduced,  U>  the  cju'bon  of  the  melted  iron,  and  carhonie  oxide 
in  formed  abmulantly ;  but  the  appearance  of  boiling  is  lews  marked 
than  when  crude  ])ig-iron  is  used.  In  either  ease,  the  metal  by 
degrees  becomes  letw  fusible  as  the  carbon  diminishes  in  quantity, 
and  ut  lengtli  it  is  converted  into  a  granular,  sandy  ma;is.  The 
beat  \t>  now  ralw?d  till  it  Iveoomes  very  intense,  atid  air  ie  curefnlly 
excluded  by  closing  the  damper  and  doors.  The  metal  ugiiin  be- 
gins to  soften  and  agglomerate.  The  puddler  gradually  collects 
it  into  balls  or  hlooms  ujMin  the  end  of  an  iron  rod  ;  he  then  re- 
moves it  from  the  fiirnace  in  ma-sses  weighing  about  three-quarters 
of  a  hundredweight,  and  sul)je('tfi  it,  whilst  still  intensely  hot,  to 
the  at^tion  either  of  the  steaui  hammer,  or  a  poweiful  press,  called 
the  Kjiintjh'nij  pr<i«s.  The  melte<l  slag  is  thus  forcibly  squeezed 
out,  tlie  ]>articlet»  of  metal  are  brought  neai-er  together,  and  the 
density  ia  increased.  The  iron  is  then  tk^hioned  into  a  bar  by 
pussing  it  between  groove<l  rollers,  and  the  bar  thus  obtained  is 
cat  into  lengths,  then  pile»J  up  in  a  reverberatory  furnace  and  re- 
heated; it  IB  again  rolled,  doulded  ujwn  itself,  and  re-heated  and 
r*>lh'd.  UjH>n  the  best  qualities  of  iron  this  process^  is  repeated 
several  times,  in  order  to  render  its  Hbi-es  piu'allel  to  each  other, 
by  which  the  t(<ughncsfi  of  the  metal  is  luuoli  in<reased.  The  iron 
i^^  now  neiU-ly  pure;  it  contains  from  t|;s^  to  y^  <if  its  weight  of 
Cftrbon,  and  about  -5^^  of  silicon.  The  i>reseiico  even  of  this: 
ainall  proportion  of  carbon  adds  mat(;rially  to  the  toughness  and 
liardne&s  of  the  metal.  The  process  of  pu<ldling  occupies  alHjut 
t^vo  liours:  and  provided  it  has  been  properly  retined  ]>reviour>ly, 
the  metal  loses  from  7  to  U'  per  cent,  of  Its  weight.* 

*  OiilvcTt  «nil  Johnson  (Phil  Mag.  Sept.  1857)  hnve  made  a  Berios  of  analywi*  of 
ItMiitm  in  ditfcront  stasis  of  the  procesa  of  Aoi/i/<{/.    Thoy  cmplojed  in  their  cxpe- 
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1   10  Witt' iron 

50^  MAKCFAOTTTBE  r»P  WHOCOnT  IBOX. 

The  slae  prodncocl  chirin;^  the  operation*  of  y 
tilling  t'o>i*i!?i6  chiefly  of  ferrous  ortho-iiilieuto  (hi  >n- ' 

tains  upwards  of  t>0  per  eeat.  of  tho  metal.     Tli 
cinder  '\s  reduced  in  the  bh»*t  furnace  in  the  SHin< 
original  ore,  but  it  is  always  found  to  pnxluce  a  defective  iron, 
technically  known  as  twAi?  sAwH.     Such  ipin  may  be  r.r-r.^l  v>.r\\{ 
at  a  red  heat,  but  when  cold  it  is  brittle  an<l  rottt^.  '-ct  I 

is  attributetl  to  the  presence  of  phi»ftphoru.s,  which  i- -j-jruutedj 
from  the  crude  metal  m  tiie  form  of  nho^jduvtc  of  iron  duriiii:  the 
puddlint;.     When  the  ^la:;  is  red u coo  in  the  blast  i'w  "th 

the  phu-pliorns  and  the  iron  ai'e  deprived  t>f  their  oxv .  i.y 

their  union,  aspboiphide  of  iron,  form  the  futdty  nu-rul  itt  <pic>(ioo.i 

Mr.  lk'.-.>omor  Ii)l>  attempted  to  &ul»st.itiife  for  the  prn;ce««is»  c»f  I 
puddlinj:  and  refinini;  a  metliod  of  ]>untitation  which  ctmsi*tB  in  \ 
ibrcinL;  cohl  air  at  a  pressure  oi  lU  or  I'i  lb.  upon  the  »i|uar«>'  incU  i 
throu^jb  melted  cast  iron,  winch,  as  it  nm^^  from  tiie  furnace,  it! 
re<^'ived  into  a  cylindrical  veso^el  i-overcMl  with  an  arclM-vlhetijl  uml 
lined  with  tire-elay,  the  air  beinu;  driven  in  at  the  bottom.  thn>upl« 
several   tnyere;*.      An  inten:>e  oombustion  occuiv,  atlt'mled  with 
remarkable  elevation  of  temperature,  owinj;  partly  to  the  o.xiikr 
tiou  of  tlie  iron,  and  iKUtly  to  tiiat  of  earlM>n  ;    fhf  bitter,  being 
converted  into  carbonic  oxide,  esca|»e*  at  all  i>oint>i  erf"  the  luatai, 
throwino;  the  wliole  into  violent  atcitatiou,  whicii  huixsitlos  as  nmi  i 
a-,  the  carbon  is  burnt  off;  when  thi!*<x'eurs  the  meltc^l  iron  imurir  ' 
freed  from  c«rl>on  is  run  otl"  into  mouM;..     A  yriMit  V*^  of  iron  u, 
however,  inciuTed  in  thi:*  operation  ;    a  copiou*  slag  «>f  oxide  ef 
iron,  mixed  with  a  little  silicate,  i.^  prcKluced,  and  in  thi.-*  a  Uri^ 
(piaiitity  of  metallic  iron  is  entHna;led:  not  less  tlian  2<>  per  wot., 
of  the  metal  is  thus  wasteU,  and  the  malleable  iron  6till  retniiMi 
nearly  all  the  pht>spliorus  and  much  of  tlie  sulphur  ongiumll/ 
prcisent. 

rimonts  good  cold-blast  Steffordahire  grey  iron,  No.  3,  muth  u  >•  used  fbrinaklag  j 

iron  wire.  i 

A  chorine  of  2  owt.  oT  imn  was  introduced  into  the  bod  of  Um  iWtiaav  «riiho0tJ 

any  H<ldition  of  oxMo  or  iron:  in  40  miuutoe  it  hooatno  (\i«e<1, 
Bnnipli'  sudik-nly,  it  yielrK'il  a  brittle'  mass  like  whit^-  iron.     It  v. 
ttie  carbon  increa^ses  durinif  tho  firgt  gtAa;c  of  tlie  prixxs-i    '^ 
very  rapid  diminution.     Tho  IJrd  liuiuplo  was  takon  jiisi  U  ■(  I 

boil,  when  the  iron  waa  in  its  njrt''t  lliii'i  unnditioii.     No.  4 
l>oil,  and  CiinaisLpd  of  amall  d(<t:ifhi'd  brinlr  -.miniili'^  surroan^i' 
Iwil  waa  coinplott'cl.     It  Mrj\s  still  in  tjranules,  but  th'-y  wi>r»  tli  ■ 
6.  the  iron  win  colle-ctod  into  mjiwca.     No.  T  was  tiikcu  "In 
Uio  buUiS  were  just  p.»iKly  I'^r  llie  sliinglinjt  jjr-ss.     The  '|>i 
the  iron  nlXer  il  li.id  ij -un  li  rum  Ted;   ami  tho  •  wire  ir'ni 
been  broken  up  into  billots,  rch -nlfii,  and  rolled  as  «  pnM 
The  sluR  wliii'h  was  soparatod  diiriuit  tlie  tiperollon  v, 
lowing  oompoBiliuu : — 

Silicai \c,-l'\ 

Proloiide  of  iron 

Sulphide  of  iron 

Pliosphorii*  ocid ■ 

Protoxide  of  mamnnoflp .  ' 

Aluminn  i  <>i 

Lime.. .  n-TO 

toooo 
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t  tliough  the  process  of  Bcseemer  has  not  ht-en  attended 
the  important  resuUs  which  were  anticipated  from  its  era- 
iiit-nt  in  retining  the  ordinaiy  pig-iron  obtained  by  tiie  smelt- 
Bg  ot  cliiy  iron-stone  witli  coal,  it  \i  etuted  to  have  been  emineut- 
IT  sncct.«^^t'ul  when  applied  to  the  pure  Swedish  charcoal  ])it»-iron, 
ha*  bj  its  means  been  converted  by  a  single  0{»eration  of 
duration  into  cast  steel  of  the  tinest  ijuality  :  as  mneh  as  5 
of  iron  jire  commonly  operated  on  at  one  fusion. 
50)  I*rf>flu<:tion  of  Wrought  Iron  dlrt'ctyroin  the  Ore. — The 
ores,  which  consist  of  magnetic  oxide,  or  of  peroxide  of  iron, 
uently  converted  at  once  into  wrought  iron,  without  the 
prodmttion  of  cast  iron.  This  process  is  practised  in  the  Pyrenees, 
by  what  is  tenaed  the  Catalan  forge,  and  still  itiurc  largely  by  the 
mmmry  forger  of  North  America.  In  the  American  biiM-imery 
isxp  either  the  hot  or  the  cold  blast  may  be  employed  : — The  ore 
tiring  been  first  reduced  by  stampers  to  a  coarse  pi»\vdcr,  is  placed 
on  the  top  of  the  coal  in  the  forirc  which  has  been  kindled  for  ite 
reception;  a  high  heap  of  coal  is  ke])t  on  the  tire,  and  a  gradual 
supply  of  ore  is  maintained;  as  the  metal  is  reduced,  it  sinks  to 
thcWtom  in  a  ptusty  state ;  when  sutticicnt  has  been  added  to 
fbnii  a  bloom,  or  bail,  the  metal  is  coijectcd  on  an  iron  bar,  heate«J 
Wore  the  blast-pipe,  and  then  liHiniiicred,  rolled,  and  welded,  aa 
ifithiid  come  from  tlie  puddling  furnac^e  (nvermau's  Metallnryy^ 
p.  544).  This  method  yields  a  very  ])ure  iron  wlicn  charcoal  is 
emploved,  but  the  cousimiption  of  fuel  |>ei'  tnif  of  metal  is  much 
greater  than  in  the  bhist-furnacc  ;  a  large  ]>ortion  of  the  ore  is 
»ho  wa'^ted  in  the  form  of  slags  M'hich  are  very  rich  in  oxide  f)f 
i««i.  The  iron  produced  by  this  pnx'css  frequently  contains  suf- 
fi''icnt  cai'bon  to  give  to  it  some  of  the  jiroperties  i>f  steel;  for 
in«taiice,  it  becomes  much  harder  when  heated  and  suddenly 
ftHjIwi.  Iron  of  this  description  is  valuable  in  the  nmnufacturo 
,  o'^  pluiigh-shares,  and  heavy  articles  iXM|uiri«g  both  touglniess  and 
Hldlless. 

^WTol)  Manufa/Hure  fff  St*el. — Iron,  when  combined  with  « 
'  Wialler  proportion  of  carbon  than  is  ciintalned  in  cast  iron,  t'ur- 
"uhes  the  valuable  compound  well  known  as  Miecl,  of  which  there 
8re  several  varieties.  The  tpuintity  of  carbon  in  good  steel  varies 
U|^cen  0*7  and  1'7  per  cent. ;  but  steel  \yhich  possesses  the  great- 
^Hdtiacit}'  lia.s  been  found  to  contain  from  1'3  to  1*5  per  cent,  of 
fWoon.  and  about  0"1  of  silicon.  Katural  steel  is  produced  di- 
^tly  from  the  best  cast  iron  by  heating  it  by  means  (jf  charcoal 
■Whe  refining  hearth,  as  in  tlie  operation  which  precedes  the  pro- 
Hp>  of  pudilling;  the  oxygen  burns  off  a  ]iortiou  of  the  carbon 
^**ni  the  f'fis,t  iron,  and  steel  is  let't.  In  some  <.>f  the  Welsh  iron 
yorks  steel  is  now  made  upon  the  l»ed  of  the  puddling  furna<:e 
Itself'^  by  carefully  airestiug  tlie  itperatiou  at  a  stage  short  of  the 
''^'Miilete  oxidation  of  the  carbon.  The  preparation  of  natural  or 
P^Malod  steel  is,  therefore,  like  the  liessemer  steel,  aTi  intertnedi- 
*^p  sUige  in  the  conversion  of  cast  into  wrouglit  iron.  Iron 
.^'ch  contains  manganese  is  best  fitted  ibitlie  preparation  of  this 
of  steel.     The  mass  thus  obtained  is  rendered  homogeneous 
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by  forging.     It  yields  a  st*' " 
for  making  agriciiltunil  im 

For  more  delica,te  pur|'  ■rcil  sk*:l  iu  : 

is  obtained  by  means  of  c-  '«,  witicli  is  ■        . 

the  reverau  of  that  by  wliich  natural  steel  is  formed.    This  |M 
is  carried  on  in  a  furnace  into  wliich  two  rectn'v^"'  •■  t=  <• 
brickwork  or  stoneware,  ibr  the  re^jeption  of 
whicli  are  to  be  converted  into  steel,  are  built  ;  wn-  nn-  ^n 
between  these  boxes,  urouud  which  the  flaiue  <'trcu)<»t»*i 
This  conversion  is  effected  by  heatin^j  the  irnr 
powdered  cbaj'coal,  or  with  soot;    the  oarboiiH 
either  case  is  usually  mixed  with  about  a  ttnth  of  il8  weij 
common  ««ilt  and  wood  a.she6,  forming  what  i*  tccbnt*    Hv 
coinent  powder.     In  preparing  a  charge,  the  bottom  < 
coveretf  with  a  layer  of  tne  cement  powder  to  a  depth  lu 
inch,  and  upon  tliis  a  layer  of  bars  of  tJie  bRst  imillfal.' 
placed.     The  bare  are  generally  about  3  in<  ' 
thick.     The  interstices  between  the  burn  are  :i 
povvder,  which  is  tightly  packed  around  the  iron  ;  ab<»vt 
layer  of  the  powder,  then  another  layer  of  bai-s,  and  ? 
succession  until  the  box  is  nearly  full,  when  it  contains  from  b  I 
(5  tons  of  iron.     The  remaining  space  is  now  covered  with  a  biji 
of  damp  sand  of  trom  3  to  <>  inches  in  depth,  and  the  fxn> 
gnidu.tlly  nii.>ed  to  a  full  red  heat,  orti.  about  tin 
ouired  for  melting  copper;  at  this  point  it  is  .-iti 
One  of  the  burs  of  iron  is  so  placed  that  it  mvn  bt-  j  < 
time  to  time  during  the  operation,  for  the  puri>ose  ol 
the  procei?«  of  the  carburation  by  i  nsj  tection.    The  jirocvs^  i 
complete  in  six  or  eight  days;  but  the  time  re<[uired  iii . 
varies  with  the  thicknt^s  of  the  iron  bars  oj»crated  cm  ;  t! 
tlien  gradually  reduced,  and  the  liirnace  is  suffered  t.. 
an  operation  wliich  lasts  ten  days  or  a  fortnight.     Ti 
ol>tained  retains  the  form  of  the  iron,  but  it  is  covered  w 
or  blisters,  by  which  the  surface  is  rendered  irregular  and 
The  miuss  is  found  to  have  been  penetrated  by  carbon  wbicli  ha 
been  transferred  from  particle  to  jmrtiide  of  the  nn-t.il    tl 
perties  of  which  it  ha»  completely  changed,     in  *oiii. 
blisters  probably  arise  from  the  combination  of  part"  "i  t 
bon  with  oxygen  derived  from  jwirticlcs  of  oxide  of  iron,  whio 
are  apt  to  be  mechanically  retained  even  in  fJie  ni' 
prepareil  bars.     Carbonic  oxide  would  thus  bo  ]»r<«dn 
prisoned  in  the  tenacious  metal,  which  in  its  soft 
be  raised  by  it  into  bubbles  or  blebs,     (treat  car*', 
orally  taken  to  exclude  slag  and  oxide  of  iron  frotn  i 
is  intended  to  convert  into  steel;  so  that  in  the    i...i 
instances  it  is  iu)t  unlikely  that  the  blisteiv  are  ueeaHioniM]  bv  tin 
combination  of  •■arlRin  with  the  sulj>hur  which  U  stil! 
the  iron,  ami  which,  i)y  forming  the  volatile  lii^tilplii 
would  jiroduco  the  effect  (T.  IT.  Ilcnry).     All   bar  i 
traces  of  sidphur;   but  in  fiteel  julphnr  i«  «>-|>1.tfii   , 
there  appears  to  be  uo  other  modi  r  it* 
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e  tlmu  its  removal  daring  the  process  of  carburation  in 
ke  iomi  of  bisulphide  of"  carbon. 

B_v  the  procese  of  cementation  the  iron  Ims  been  combined 
ritli  about  1-5  i>er  cent,  of  carbon  ;  it  is  now  mucli  more  fusible 
kui  before.*  It  has  likewise  entirely  lost  its  fibrous  texture ;  and 
(hen  broken  across  exhibits  a  close,  fine-gi"aiued  fracture.  Steel 
Uf  ttl.*o  be  made  without  direct  contact  with  carbon,  by  simply 
«ting  the  bars  in  carburetted  hydrogen ;  but  tills  process  has 
jtconie  into  general  use. 
BjBlistered  steel  is  never  honioejeiieous,  the  Rurface  being  always 
HB'highly  carburetted  than  the  inner  portions  of  the  bars.  This 
iwty  of  steel  is  emjjloyed  for  tiles,  to(jli»,  and  hardware  of  all 
bcriptions.  When  blistered  steel  is  fused,  it  forms  ca^it  ate^lj 
fbich,  from  being  more  unifonn  in  texture,  is  of  sujterior  quality, 
•  the  carbon  is  more  e<]nAlly  distributed  lhrough«>ut  the  mass:  it 
leniployed  for  cutlerj'  of  the  best  dcwertiition.  Tiltetl steel  is  also 
btaineij  from  blistered  steel ;  this  is  first  broken  u|)  into  lengths 
lfalx>nt  IS  inches,  then  bound  into  fagots  and  raised  to  a  welding 
leat  in  n  wind  furnace,  where  it  is  covered  with  sand,  which  com- 
(ines  with  liie  sn{)erfieial  coating  of  oxide  of  iron  and  forms  a 
lisible  sUig:  the  reddiot  liigot  is  then  rolled,  and  forged,  by  means 
rfllie  tilt-lianinier,  into  smaller  bars.  All  steel  is  improved  by 
lib  proecfis  of  hammering.  These  tilted  bare,  when  bi-oken  up 
ll^elded  together,  fonri  shear  xieel. 

^Bbr  many  purjioses,  the  addition  of  a  small  quantity  of  mau- 
piese  is  an  improvement  to  the  (juality  of  the  steel.  If  about 
I  per  cent,  of  carbide  of  manganese,  or  uf  a  mixture  of  eliarcoal 
ind  oxide  of  manganese,  be  introduced  into  the  melting-pot,  a 
Iteel  is  obtained  of  tine,  close  grain,  Mhicli  u<lniits  of  being  welded 
lo  wrought  iron;  a  property  not  possessed  by  ordinary  steel.  The 
ttperiiiientt  of  Faniuay  and  Stodart  led  them  to  the  conclusion  that 
the  addition  of  small  quantities  of  chromium,  or  of  rhodium,  to  good 
•teel,  furnished  a  steel  of  a  very  sujieriiu*  kind.  They  found  that 
9«elniay  be  alloye<l  with  about  a  five  liuuilredth  of  its  weight  of 
alver;  and  with  platinum,  m  well  as  with  rhodium,  rmd  with 
OMuium  and  iridium  in  all  proj>orfions.  The  combiuation  of  S  or 
l^lw  ctint.  of  tungsten  witli  ordinary  steel  has  been  said  to  yield 

kCoorilD^  to  Fremy,  stocl  ooutuius  also  as  a  oecfsgaiy  inrcrcdient  a  mimite 
f  of  nitropon.  wliidi  it  Jiaa  been  Huggested  may  bo  in  the  Ibnii  of  cyau<>(^n. 
bowcver,  niiiintains  tbai  tliia  trace  of  oitrogea  is  not  csieutiul:  this,  how- 
"*?,  is  «till  mil  JHiUo:.     Ramiiiolsiior);  wn8  unnble  to  fletwt  more  iiitroircn  than  20 
r»iw  m  a  uiilliiiD  of  cast  iron.     MBrchanrl  hcntcd  both  citat  iron  aufl  Btoel  with  potas- 
•""11  in  in  ulriiosphere  of  liydropen.  and  also  healed  the  metal  with  aoda-lirne;  lie 
•Ito  barned  thp  metal  by  heating  it  with  oxide  of  copper,  but  did  not  obLain  more 
^^  ISO  parts  of  uitrogeu  from  a  million  purts  of  the  metiil,  and  olXen  a  much  Buiullor 
^mtirr.     He  considered  it  due  to  the  accidental  presonoe  of  foreign  impurities; 
-i>rtninly  the  most  probdhle  opinion:  no  InsUince  h  known  in  which  so 
■ntity  of  matter  is  nn  essential  eonslituenl  of  ntiy  compound,     Boubbui- 
.  ])ure  iron  reduced  from  the  oxide  in  hydrocen  pnve  no  trft<"e  of  nitroRtJii, 
!  of  analysis  which  indicated  in  aofl  iron  50  miUionlhs,  ond  in  piimo  wire 
^^  ■  sfi  mi)liouth«,  and  in  enst  steel  ;')7  milliouths;  this  steel   also  contained 

^^hof  sulphur.  The  difficulty  of  cxchidin;r  snch  minute  tract's  of  nitrogen  in  tht 
^^Bof  the  anuljsia  is  extreme,  even  in  llie  bauds  of  one  who,  as  in  tbis  caae, 
^^weedly  a  maaler.    (See  p.  !i29.) 
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a  material  remarkable  for  hardnesfi  and  elasticJtr,  but  experiewl 
does  not  seem  to  juetifr  the  expectations  of  its  utility.    (,Vmcj*i»; 
MdaUurijtj,  vol.  ii.  p.  193.)     A  similar  remark  is  also  aMliraUir 
to  titanium  steel  (/o.  p.  163).     Wlien  steel  is  to  be  need  for  &e| 
nianiittictiire  of  die*  for  coioing,  tlie  preseuce  of  a  femallpropof 
of  phosphorus  is  beneficial  (Brande). 

^V^lOU  diluted  nitric  acid  falla  upon  eteel,  a  dark  le^y  sp 
pnxluced,  owiDg  to  the  solution  of  the  metiil  in  the  acid  whilst itil 
carbon  retnains  unacted  upon :  the  (icid  pft>duce3  a  green  B|'Jt 
upon  ii-on.     The  acid  acts  unefjually  upon  different  parts  of  tlia  , 
fiurtkeo  in  certain  of  the  liaer  varieties  of  steel,  and  thus  pmiooa  \ 
&  veined  appearance,  such  aa  was  fumierly  given  to  the  celfbrittJ 
Damascus  blade*.     The  Dama^cns  steel  ia  more  hi^ghly  carlituicft»sj 
than  ordinary  ftteel,  and  if  allowed  to  cool  slowly,  it  Mjj^inrata 
into  layei's  of  two  different  degrees  of  carburation  ^Breant);  liccios 
certain  parts,  when  acted  on  by  diluted  aeid,  leave  mi.ire  nr\*\& 
than  others ;  the  form  and  direction  of  these  veins  vary  witli  tlia 
mode  of  forging  adopted. 

Woot2  is   a  finely   damasked,  liard   ca*t   steel,  of  eswUtut 
quality,  which  is  obtained  from  India.     Faraday  found  ahirainnUj 
in  a  sample  of  this  steel  which  he  analystHl,  and  was  dii<jKH?<J  ■ 
refer  its  ^lecaliar  ijualities  to  the  preaene*  of  this  metaL    It 
peare,  however,  from  the  experiments  of  Henry  {Phil.  J/«y.,  Wj 
IS^i^t,  that  aluminum  is  not  always  present  in  wootz.     He  gi? 
the  following  a^  the  eompoeition  of  a  bar  of  genuine  Iiidiau  tro 
of  specific  gravity  7'T37: — 

CarboJ  '»«'bf«.'i".  ■ ...............  1-3M 

(  uncombmed . .  0*3ia 

Siltc"iL , , ,  0-043 

Sulphur 0-nO 

Arsenic ..... tt-036 

Iron .,..,.  ,,.,,,... 9S-100 
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Other  analysts  have  also  failed  in  finding  aluminum  in  wooti. 

The  physical  properties  of  steel  differ  materiaily  fromtlKBew 
iron.  As  already  mentioned,  steel  is  granular  in  texture,  brittle 
and  more  easily  melted  than  iron.  Its  most  characteristif  pf*" 
perty,  Imwever,  consists  in  its  power  of  assuming  a  hanliie* 
Bcarcely  inferior  to  that  of  the  diamond  when  heated  to  roibe* 
and  then  suddenly  cooled  by  plmiging  it  into  water,  mercury,  or  | 
oil.  After  tills*  tresitment  it  is  rendered  extremely  brittle,  an" 
ahnost  perfeetlv  elastic.  It  can  then  no  longer  be  attacke'l  l*y 
the  file. 

This  extreme  hardner'S  and  brittlenesa  may  be  removed  hytw 
process  of  temperhig,  which  is  a  peculiar  mode  of  annealing :  '' 
consists  in  heating  the  steel  moderately,  and  then  allowing  it  to 
cool.  The  tempering  of  steel  is  an  operation  of  great  practical 
importance,  as  from  the  variety  of  purposes  to  which  steel  i?  ap" 
plied,  it  is  required  of  very  different  degrees  of  hardness,  and  uiW 
the  due  adjusUuevit,  o^  \.Vv\s>  (\vMlitY  m.uch  of  its  utility  depenis 
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degree  to  which  the  temperature  is  raised  in  tlie  eocond  licat- 
iiijj,  regidntcs  this  point:  the  higher  the  heat,  the  softer  is  the 
Btct'l.  In  practice,  the  workman  judges  with  sufficient  accuracy 
of  the  tetriperiiture  to  which  the  metal  has  been  exposed,  by  ob- 
■erving  the  colour  which  the  steel  assumes  owing  to  the  varying 
tliickiiCHS  of  tlie  film  of  oxide  which  is  formed  upon  its  surface. 
It  is  ensy  to  show  that  this  colour  is  due  to  the  formation  of  a 
film  of  uxide  ;  fur  by  painting  on  the  surface  of  the  steel  various 
devices  in  oil  or  varnish,  and  tlien  exposing  it  to  heat,  the  surface 
of  the  blade  becomes  coloured  in  every  part  excepting  these  por- 
tion* which  have  l)een  varnished,  and  these,  when  the  varnish  is 
rcmovefl,  retain  their  original  polish.  The  tiret  perceptible  tint  ifl 
A  h'ght  straw  colour,  which  is  produced  by  the  lowest  degree  of 
heat,  and  indicates  the  hardest  temper;  the  heat  required  is  from 
430°  to  450^ ;  it  is  nsed  for  lancets,  razors,  and  surgical  instru- 
ments :  at  470°  a  full  yellow  is  produced ;  it  is  the  temper 
fitted  for  Rca!])els,  penknives,  and  fine  cutlery.  The  tempeniture 
of  45*0^  gives  a  brown-yellow,  which  is  the  temper  for  snears  in- 
tcnde<l  for  cntting  iron.  At  510"  the  first  tinge  of  purple  shows 
itself:  this  is  the  temper  employed  for  pocket-knives;  520* 
gjives  a  purj>lc,  which  is  the  tint  for  table  ana  carving-knives.  A 
teiu]ieniture  from  530°  to  570°  produces  vai-ious  shades  of  bine, 
fiiicb  as  are  used  for  watcli-sjiriiigs,  sword-blades,  saws,  aud  instni- 
iiients  requiring  great  elasticity  (Stodart).  The  diflerent  degrees 
of  heat  may  be  exactly  regulated  by  heating  the  different  articles 
in  a  fusible  metal-  or  oil-bath,  tlie  temperature  of  which  is  ascer- 
tained bv  means  of  thermometers,  though  in  ordinary'  cases  this 
degree  oi"  nicety  is  not  observed. 

Hardened  steel  is  somewhat  less  dense  than  wrought  steel. 
It  appears  that  a  portion  of  the  carbon  contained  in  steel,  before 
the  alloy  has  Iveen  hardened,  is  in  the  nncondiined  stiite;  this 
portion  is  left  in  the  form  of  grapiiitic  scales  when  th*'  metal  ia 
aiss^dved  in  hydrochloric  acid :  but  at\er  the  steel  has  been  hard- 
ened, the  whole  of  the  carbon  is  chemically  united  with  the  iron  ; 
and  when  treated  with  acids,  is  lefY  in  the  form  of  a  liquid  hydro- 
carbon. Before, it  has  been  hardened  it  may  be  worked  as  easily 
ta  imn,  and  in  certain  cases  muy  be  welded  upon  that  metal. 
Instruments  are  completely  finished  in  the  Botit  state,  and  are  then 
hardened  and  subsequently  tempered. 

It  is  sometimes  desirable  to  convert  articles  manufactured 
from  Bofl  iron  supcrfcially  into  steel.  This  is  terine<l  cu«t:-fuinh'TV- 
ing,  and  is  effected  by  heating  them  in  contact  with  powdered 
cast-iron  turnings,  or  sometimes  with  powdered  charcoal.  The 
same  object  is  attained  if  they  are  sprinkled  when  red-hot,  with 
powdered  ferrocyanide  of  pota.'ssium. 

(752)  Preparation  of  pure  Iron, — In  order  to  obtain  iron 
chemically  pure,  Berzeliua  recommentls  that  tilings  of  the  best  bar 
iron  be  intimately  mixed  with  one-fifth  of  their  weight  of  pure 
peroxide  of  iron,  and  placed  in  a  Hessian  crucilile,  covered  with 
wunded  glass  Cfree  from  lead) ;  the  cover  is  then  to  be  carefully 
late«i  on,  and  the  crucible  to  be  exposed  for  an  hour  to  the  stJ'ong 
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csEt  h<*at  of  a  smith's  fot^,      Br  tins  mejinft,  all  trwis ».{ invtVui 
and  of  siliojii  are  oxidized  at  tlie  PYjjense  nf  the  oxy|Tr-ii  nf  tlkt 
peroxide  of  iron,  whilst  the  excess  of  oxide  ftmii*  a  tWiblc  tW 
with  gla«4.     If  the  operation  be  svi€Ocs!«tul.  the  iron  'srillVie  latim 
into  *  button,  \rith  a  lustre  approaching  that  of  silver,    Siiclii; 
ie  Terr  tongh,  and  innch  softer  than  ortlinflry  bar  iron ;  it  fajft 

2>.  gT.  of  7"S'i39.  Pure  irtm  maj  also  he  ol>tained  in  tlie  state  ( 
ne  jxtwder,  hy  decomposing  the  pure  perovidc  iit  a  n*il  \wjJt  \n» 
current  of  hvdrogen  gsis.  Iron  has  been  ()ht:iifjed  in  huUi'Wtetra- 
hcdra,  apparently  belonging"  to  the  oibtc  fiyntcni,  by  rmliiriv.- !i  r 
ions  chlnride  in  a  ctirreiit  of  pure  livdrogeTi.  h  iiTtiy  \>i^  lii  j. - 
in  flexible  lamiuiB  from  &  mixed  solution  of  ferroiift  chlorifle 
obloride  of  amnioniiini.  bv  the  airtion  of  the  voltaic  current, 

(To3)  Propertus  of  Aar  Iron. — The  bar  iron  of  commeFoe 
never  pureu     It  always  retains  small  rjnantities  of  carbon,  varra 
frum  *)':J  to  0*4  per  cent,,  and  traees  of  silicon  and  siilphnr:  inv» 
■tonally,  iiIe^)  ot  phosphoms  and  arsenic.     The  prt-^'  i' 

small  quantity  of  carbon  mneh  incre-a^es  its  hardness  ;m  ., 

but  tko  other  ingredients  act  injuriously  upon  the  metiil. 

Bar  iron  has  a  bluisih-white  or  prey  colour,  and  is  endowed 
with  considefable  lustre  and  hardness ;  it  take*  a  hi^h  pfilish; 
it*textare  h  u^iiaUy  fibrous,  and  when  broken  across  it  exiiibitai 
r^;ged  or  hackly  fracture ;  when  nil>l>ed,  it  emit*  a  peeulinir  cb- 
racteristie  odour.  The  average  specific  gravity  of  good  bur  mm 
is  T' I,  It  require  the  most  intense  heat  of  a  wind  ftirmu*  tot  hi 
fu&iou.  Iron  paiMies.  through  a  eofb  i>asty  c?t>ndition  before  it  k 
completely  melted;  this  pripperty  ia  one  of  grcflt  practical  im}M- 
tanee :  if  two  pieces  of  iron  be  heated  to  wliiteness,  Bpriiikk^i  with 
sand,  and  hammered  together,  they  tnay  lie  united  or  wtliMta 
completelv,  that  the  junction  ia  m  tough  as  any  other  part  of  tie 
uiet:d.  'the  *iand  is  iif?cd  as  a  flux  to  the  oxide  of  iron,  with 
which  it  forms  a  slag  which  coftts  each  piece  of  the  niclrtl  ;hT 
the  blow  of  the  hammer  thi^  layer  of  melted' matter  k  fonm 
out,  and  the  two  clean  surfaces  of  metal  become  united  tosetlieP, 
At  a  red  heat  iron  may  be  forged  into  any  s.hape  with  fucilitr, 
but  at  oitlinary  temperatures  it  possesses  but  little  mallcuhililT, 
as  compared  with  gold  and  silver.  It  however  ndmite  of  Iring 
rolled  iiiti*  very  tiiin  sheet?.  In  ductility,  iron  stands  very  lilgf) 
in  the  scale,  and  in  tenacity  it  far  exceeds  all  other  known  siil> 
Btanceii,  with  the  exception  of  cobalt  and  nickel. 

If  compared  with  otlier  uietak,  in?n  is  inferior  to  nianTof 
them  as  a  Cficdnctor  of  heat  and  of  electricity.  Its  sujiceptiliility 
to  magnetism  ii*  jieculiar ;  no  other  metal  exhibitinij  thi'>  pro|ierty 
in  any  marked  dei^ree,  exce])ting  cobalt  and  ntckeU  and  in  thfin 
t!ie  jxiwer  i*  devt'lopcd  tn  ;i  umch  smsller  extent.  But  tliniif;li 
iron  in  its  pure  state  is  snjccptible  of  magnetic  induction,  it  cannot 
be  permanently'  magnetized  uidess  it  he  combined  with  carl)on, 
as  in  steel ;  with  oxygen,  as  in  the  loadstone  (Fe.O,) ;  or  with 
sulphur,  as  in  certain  varieties  of  pyrites  (Fe,S,),  and  (Fe.S,). 
It  is  especially  worthy  of  observation,  that  if  oxygen  or  sulpbiii 
be  present  in  quantity  either  greater  or  less  than  in  these  parti 
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rirnpounds,  not  only  is  tlie  pmver  of  retaining  mag'netisir 
^eiJ,  but  the  aiasa  beconich  ahnf)!^t  indiflerent  to  the  action 
tagnet.     Iron  loses  its  magnetic  power  when  heated  to  red- 
it  recovers  it  again  oii  C(>i)iing. 

a  high   temperatnre   iron    liirniB  readily,   emitting   vind 

lationei,  as  may  be  seen  at  the  blaeksniith's  forge,  or  still 

brilliantly  when  a  glowing  wire  is  introduced  into  a  jar  of 

^gen.     In  a  very  finely  divided  state,  sncli  as  that  produced  by 

K'ing  precipitated  oxide  of  iron  at  a  low  temperature  in  a 

?nt  of  hydrogen  gas,  the  metal  takes  fire  by  mere  exposure 

le  fttniosphere.     If  a  sniall  quantity  of  alumina  be  j^recipitated 

Jie  oxide  of  iron,  so  as  to  interpos^c  some  foreign  matter 

&n  the  particles  of  the  metal,  this  pjTophoric  pn^perty  is 

Bch  increased.     A  polished  mass  of  the  metal,  however,  pre- 

JM|  its  lustre  unchanged  in  dry  air  at  ordinary  temperatures 

ffwt 


t  unlimited  lime,  but  when  exixjued  to  a  moii^t  atmoephere, 

liouid  form   sh* 

its  surface  is  quicKly  altere<l,  and  it  bocouiort  covered  with 


!»t  water  in  the  liquid  form   shall   be   dcposiited  upon  the 


When  once  a  spot  of  rust  begins  to  show  itticif,  the  oxida- 
_  jv^icee^ Is  rapidly ;  moisture  is  aljsorbed  from  the  air  by  tlie 
^e,  and  thus  a  species  of  voltaic  action  is  priHiuced,  the  oxide 
funuing  the  part  of  an  electronegative  element,  Avhilst  the 
9tt  beci^nne*  electro-positive,  and  the  atmospheric  moisture  acts 
f  the  exciting  liquid.  The  carbonic  acid  aerived  from  the  air 
|Dntributes  in  an  important  way  towanls  increasing  the  rapidity 
iritli  which  this  change  occurs ;  but  it  is  not  indispensable.  It 
spears  that  usually  hydrated  ferrous  carl»onate  is  fiist  fonned, 
M  i*  afterwards  decompose*!  by  the  further  absorption  of  oxygen, 
|y  wliich  it  is  converte*!  into  the  hydrated  peroxide,  or  rnst  of 
whilst  the  liberated  carbonic  acid  forms  a  fresh  portion  of 
DU9  carbonate:  a  portion  of  water  is  deoxidizefl  in  the  process, 
hydrogen  is  evolved;  if  a  considerable  heap  of  iiT>n  turnings 
( moistenetl  and  exposed  to  air.  the  peculiar  odour  of  hydrogen, 
J8 evolved  from  a  metallic  carbide,  is  perceived,  and  the  teinpora- 
Ire  of  the  mass  rises  considerably.  Iron  rust  always  contains 
uimonia,  derived  probably  from  tlie  reaction  of  the  hy<kogen  of  the 
mar  Hi>on  the  nitrogen  of  the  atmosphere,  which  is  dissolved  in 
K  water  with  which  the  metal  is  moistened.  Even  the  native 
pdes  of  iron  invariably  contain  traces  of  ammonia  (Chevallier). 
|t)n  mav  he  kept  for  any  length  of  time  without  undergoing  any 
lange  in  water  quite  free  frmn  air,  as  well  as  in  lime-water,  or 
\  water  containing  a  little  caustic  or  carbonated  alkali,  but  the 
Ikalinc  bicarbonates  do  not  exert  this  protective  action.  At  a  red 
p»t  iron  decomposes  water  ra|)idly.  and  liberates  hydrogen  (345), 
[liilut  the  iron  is  converted  into  minute  crystals  of  the  black  or 
ttRoetic  oxide ;  the  following  equation  illustrates  the  chemical 
'  atjgo  :  4  H.e  +  3  Fe=4  II,  +  Pe,e.. 
Clilorine,  bromine,  ami  iodine  combine  quickly  with  iron,  and 
it  easily  at  ordinary  temperatures,  if  the  metal  be  digested 
lem  in  water.  Inm  is  soluble  in  diluted  sulphuric  and 
chloric  acids,  with  extrication  of  hydrogen.     Even  carbonic 
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acid,  when  contaii>o<;l  in  water  Jroin  which 
'(ii«*«jlvcs  this  nictrtl  wth  extrication  of  h 
bijiiatf*  of  intii  is  dissolved  in  the  exceps  ot"  carlMHiic  a«i<l.     ( -.i*- 
peiitmted  sulphuric  acid  ha*  very  little  notion  on  ir<»ii,  cmii  nl  n 
boiled  upon  it, — a  slow  aolntion,  uttenrled  with  the  e\ 
snlplinroiis  anhydride,  occurring  :  hut  the  metal  is  rapidly  „;..^ — .v^ 
by  nitric  acid,  with  abundant  evolution  of  nitric  DXide. 

(754)  PfHf»ii>e   CitiuJhwn  of  Ii'on. — Under  certain    circmn- 
stances  iron  may  be  kopt  in  eoncentratcil  nitric  a<.M<l  for  w«-k-. 
without  tliP  i^Hchtest  action,  or  alteration  of  the  polish 
face.     Tliere  are  varitjus  metljods  of  )>ro<luciutj  rhi<  /'•• 
dltion  of  iron  in  an  acid  of  a  moderate  dej;rec  of  • 
some  of  these  seem  to  indicate  an    intimate  conn^ 
voltaic  relations.     This  will  be  rejidered  evident  from  i' 
ing  statement  of  some  of  tlie  circnmstanccs  under  whiii.  i 
mnrkablephenojnenoti  is  manifested : — If  a  piece  of  dewn  iroi> 
lie  introduced  into  nitric  iieid  of  a  sp.  i;r.  of  about  1  "' 
diate  and  brisk  action  eujiues;  but  it  the  metal  l>e  t" 
neath  tlie  surface  of  the  liquid  with  a  jiiece  of  "ridd,  of 
or  of  plumbago,  the  cliemieal  uetion,  contrary  to  wiiat  w 
been  anticipated,  is  suddenly  arrested  if  the  tcmneratu 

acid  has  not  been  allowed  to  rise  too  high.     It  a  &*.«  ■. 

wire  be  made  to  touch  the  fii"st,  and  then  lie  intodm-cfl  into  <!ip 
acid,  it  also  is  rendered  inactive.     This  Hecond  wire  nii    '  ' 

in  like  manner  to  render  a  third  inactive.     But  if  an; 
imictive  wires  be  withdrawn  from  tlie  acid,  and  exjioscd  to  i 
for  a  few  seconds,  it  jvill  be  found  to  be  rapidly  acrted  oii 
again  introducing  it  into  the  acid.     Tf  whilst  in  the  aciil  tit 
wire  be  made  the  zincode  of  a  voltrtic  arrftugomont,  r>\v  .r. 
io  evolved  from  the  surface  of  the  iron,  but  do«snotooin 
it.     If,  on  the  contrary,    a  piece  of  pa'^sivc  iron  bo  ' 
piatinode  or  negative  plate  oi  the  arrangeinent,  it  »«  itn. 
attacked  by  the  acid, 

]\y  heuting  the  end  of  a  cle^vn  iron  wire  in  tho  flamr  nf  ♦ 
spirit-lamp  so  as  to  give  it  a  superticial  coating  itf  oxid. 
is  brought  into  the  passive  condition.*     If  into  acid  ■   ■. 
a  passive  wire,  a  K'cond  ordiuary  wire,  not  in  cnntnet  wi; 
first,  be  introduced,  brisk  motion  on  the  ordinary  wire  ot 
RTid  on  causing  the  passive  wire  to  touch  the  active  one^  ii 
diate  action  occuis  on  both. 

Strong  nitric  acid,  of  sp.  gr.  1'4.5,  render*  all   iron   |»!' 
the  metiil  may  be  kept  in  it  for  years  without  loping  it- 
er showing  imy  action  ;  ntid  a  wire  withdrawn   from   ; 
acid,  and  plunged  intii  acid  of  1'3.>,  still  remains  prt-<-«ive. 
be  wiped  tirst,  ai»il  tli.n  plunged  into  the  weaker  acid,  •'  ' 


the  • 

Witti  ..:,    ,.,,,,.      . 
lownnis  it;   liii( 
platiuum.     Aoiii 
oeutrsted  oilric  tiuiU. 
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(1  he  dilnted  l>el< 


metal  rapiuh-,  wtiatevcr  may 


ie^ns  to  be  dissolved.     If  th 
teity  of  I'^Jo.  it  diss<)lvos 
\n  its  previous  condition. 

K(5)  Alloys  of'  /rrrjK  —  Iron  forms  allovt?  with  most  of  the 
i;  bnt  they  are  not  in  general  of  much  importance.      The 
ee  of  (small  <inantities  of  silver,  of  copper,  of  arsenic,  or  of 
bhnr.  in  iron,  is  said  to  fteeasion  a  defective  quality  of  metal, 
ntiieiilly  known   m  /r'i  t/iorf.      Such  iron  is  ton^rh  at  ordinary 
peratures,  hut   heeumos  In-ittle  when   hfated    to  redness  for 
ng.     Tlie  presenee  of  a  quantity  of  nntiniony  not  cxreediiig 
per  cent,  was  found  by  Karsten  to  render  it  hotji  cold  uhort 
red  short. 

The  mode  of  preparins:  zine-i^late,  or  galvanized  iron,  has  been 
iwwlv  dcsi!ril>e«l  (707).  Tin-juate  is  prepared  by  an  analogous 
MA>6 ;  it  consistft  of  iron  snperfieir.llv  ulloypd  with  tin. 
jjjp^i)  O.xiDEs  cT  Iron, — iron  yields  four  definite  eompounds 
■^y^n  :  1.  The  jtrntocidn  (i^eO),  which  is  tlie  ba.se  of  the 
^Kor  ferrous  salts  (if  iron  :  2.  The  sesfpiioTide  {¥cfif^^  which 
HEl)a«e  of  the  red,  or  ferric  salt-s  :  3.  Tlie  black,  or  7aagni?tic 
Br  fFe.O.),  which  mav  be  viewed  as  a  compound  td'  the  two 
SBpeding  oxides,  or  (Fe^,  Fe,0,) ;  it  does  not  form  any  definite 
:  4.  Ffrric  acid,  which  is  a  weak  and  unsta!)]e  metallic  acid. 
AS  such  it  reacts  with  tlie  alkalies,  forming  salts  like  ferrate 
urn  K,Fee.. 

■ide  of  Iron  ;  Ferrom  Oridf  (Fe0=72,  or  FeO=36) ; 

'^njM^iilon  in  \(^0  partM,  Fe,  77-78  ;  O,  22-22.— It  isol>tained  in 

form  of  a  white  hydrate  by  <li8.solving  a  pure  fen-ous  salt  in 

TPeeeutly  boiled,  and  preei]>itating  by  an  alkali  the  solution' 

whicli  has  been  similiarly  treated,  both  by  being  allowed  to  cool 

of  contact  witli  air.  and  being  mixed  in  vessels  from  which 

is  excluded.      If  this  precijiitate  lie  boiled  in  a  vessel  from 

oxygen  is  excluded,  it  lo,es  its  water  of  hydration,  like  the 

ide  of  copper  under  similar  eircnmstanecs.     The  liydrated  oxide 

rbs  oxygen  greedily  from   the  air,  passing  through  various 

e.s  of  ligiit  green,  bluish  green,  and  black,  til!   tinally  it  as- 

066  an  ochry  hue,  due  to  the  formatiouof  the  hydratedsesqni- 

"""e.     It  is  insoluble  in  water,  but  is  somewhat  soluble  in  am- 

inia;  this  solutioji  quickly  absorbs  oxygen  from  the  air,  and  a 

of  iiisolul)le  sesquioxide  of  iron  i.s  formed  upon  its  surface. 

fbe  protoxide  is  readily  di.ssolved  by  acids,  and  fyrms  with  them 

lilts  which  are  known  as  the  fernnt^  saltH  or  profomlts  of  iron  ; 

ley  have  a  green  colour,  and  am  jistriugent,  inky  tfiste.      The 

"otiou*  of  these  salts,  wlieti  exjHised  to  the  air,  absorb  oxygen, 

"  are  decomposed ;  in  whi<-h  case  feiTic  salts  are  formea,  one 

ion  of  which  is  retained  in  solution  whilst  a  basic  ferric  ealt 

>11«  as  a  rusty  insoluble  precipitate.     For  example,  in  the  case 

if  the  gi*een  sulphate  of  iron,  the  change  may  be  represented  as 

bOows: — 

Inialiible  tenia 
nipbata. 
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(T57)  Pervrhh,  Rrd  Oxi<7r,  or  S' 
Oxide  (Fe"',e,  =  1 150.  or  Fe/->.=SO) :   ( 
0,30.  —  The  anliyth'uus  scMjiiioxide  i&  \»ltiiiiiieU  i 
j^iitiiig  the  tL'rroiis  suliihato  (T»>7),  and  i»  kin-»vrii  uii 
of  c.>/<'<i(/Hir,  crocus  of  Miim,  or  roinje,  acoorijinj^  to  t 
111'  levi<i;ntiou  to  Avhich  it  has  bot>n  Milmiittecl ;  it  is  1 
euijihnc><l,  araorifist otlier  u-m.'?,  for  polit^hliif;  glass,  attil  l>> 
fur  putting  H  liuish  to  their  gixxls.     It  is  iiI»o  einplure^i  ti-  u  n.«i 
pijriiioiit. 

T!ic  st'sc^uioxitle  oo.oure  native  in  greiit  aluinda' 
its  viu'iftit%s  have  been  already  uientioned  us  nn 
Vidiialile  orcB  of  iron.  The  s])ecular  ore  of  Ell>:i  (m<.  <rT.  Wt. 
otleu  presents  natural  facets  of  the  most  i»crfect  jKiluh.  aiitl  il 
reiuarkalile  size  and  lustre.  It  occurs  crrstalliziMj  in  form*  uf  if 
rhonil)ohedral  system,  and  is  tsomorphous  with  alumina  in 
rundum.  Red  iueniatite,  or  hUnuhUm^i  (sp.  fjr.  from  4">  to  5'0] 
another  of  its  varieties,  is  extremely  Lard,  and,  when  {Mtiislicii, 
tMn])loyed  for  burnishing  ^ilt  trinkets. 

Hi/drateii  uf  SetiquuKtide  of  Iron. — There  are  several  of  llies 
Brown  lifematite  is  the  hydrate  (:i  l^o,B„  3  ll,f>)  Sp.  Or.  IVJi 
Tins  mineral  is  readily  dissolved  by  acids.  It  containj>  M'W? 
cent,  of  iron,  with  2j'i»7  of  oxygen  and  14'44  of  water.  Anul 
native  hydrate  (joViite  (n,0,Fe,0, ;  «/>.  gr.  4'12  U\  4-37)  \\ai  b 
found  crystallized  in  jirisnis.  ]Jrown  lupniatite  gives  tJje  red 
yellow  colour  to  the  different  varieties  of  day. 

The  sesquioxide  is  best  obtained  in  a  state  of  ^ 
cinitatiiig  the  sesqtiiehloridc  of  iron  by  ammonia  •. 
falls  as  a  btilky  liij:ht-brown  rtocculent  hy<lr:ite,  wliieli  siirii 
markably  as  it  dries:  if  precipitatc«i  in  a  cold  sc^lutixn.  and' 
without  heat  over  sulphuric  aciil,  it  contains  2  F«',0,.  3  FI,f)  iji 
Gilles),  but  it  is  apt  to  retain  a  little  ammonia,  which  ih  ca^-i 
expelled  by  heat.     The  same  hydrate  is  also  fonned  when  in'    '. 
Iron  is  allowed  to  become  oxidizcKl  b}'  exIM>^ure  to  air.     h  tru' 
hydrate  be  not  dried,  but  alloweil  to  remain  for  some  ni«'ritii« 
under  water,  it  becomes  crybtaliinc,  atKl,  H(?coi'<liii;;  t<>  \V(tl>tt«ii, 
is  converted  into  an  allotropic  hydrate  rl  Fe,0,.  3  H,<  >  it.  In;  if 
dried  at  iil2°  it  retains  lU'll  per  cent,  of  water,  eon 
in  compositi<jn  to  (Pe,0„H,0).    ITydrat^jd  jieroxide  «if  ir.-n 
parts  with  its  water  at  a  ])rolou}:e<l  heat  of  (i<t<>°,  Bud  if  -i.!- 
quefitly  heated  to  dull  redness,  it  «uddenly  c«intnict*«  in  ' 
li^lows  brightly  for  a  few  moments  wliiiht  undergoing 
change;  after  this  it  is  dissolve<l  by  acids  with  dillicu 
readily  attacked  by  a  solution  of  ferrous  ehlorido  in  1'^ 
acid  :  at  a  very  hiyh  temperature  the  sf;f(jui«>xide  1. 

of    its   oxygen,   and  is   converted  into   the   magu^.-c    ^.^ 

iron. 

Hydrated  sesquioxide  of  iron,  when  rwently  pre. '  '■  *   »  *  -r 
c«»ld  solutions,  is  easily  s<ilul)le  in  acids,  fi<rminir  t 
iron,  or  ferric  suits;  they  luivc  u 
not  crystallize:  many  of  them  ar 
Iratcd  solutions  have  the  pmpert  "Iving  a  c«^; 
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s  of  the  oxide,  in  wliicli  case  tliev  aseuine  a  tk'cp  red  culonr. 
Iic«'  bas^ic  f.(ilntiuiis  be  diluted  and  boiled,  the  iron  is  entirely 
paruf(^d  in  the  funu  of  an  iiit^cilulde  ferric  subsalt.  If  well 
iislied  and  freplily  j)reeipitated  liydrated  peroxide  of  iron,  obtained 
»y  tliL-  aetioa  of  ainiiioniu  upon  the  sesqui chloride  in  the  eold,  be 
joiled  in  wiiter  f<ir  u  few  minutes  it  becomes  converted  into  the 
lydrate,  Fe,O,.n,0 ;  but  if  the  ebullition  be  continued  for  S  or 
O  hours,  its  eolour  beeonies  elimiged  from  ochry  brown  to  briek 
vi\,  and  it  is  eouverte<l  into  nn  allotrnjiic  moditieation  of  the  ?iuiie 
ijtlrate,  and  by  jtrolontrt-d  iH)ilinji  a  portion  of  it  even  hwes  all  its 
rattT.  Till!:  iMoilitiod  <»\ide  is  in;«oluble  in  stronj;  boiling  nitric 
icid.  and  only  tlowly  holiible  in  liot  hydniehloric  acid.  Cold 
cetic  aeid,  an<l  cold  diluted  bydroeldorie  and  nitric  acids  disisolve 
U  forming  a  red  liijuid  which  appeal's  to  be  turbid  by  reflected 
ight;  couceutnited  jdtrie  or  hydrochloric  acid  occasifms  a  red 
jrecipitate  in  thin  solution,  but  it  becomei*  redihuolved  on  tlie  ad- 
lition  of  water.  The  solution  is^  alt^o  prei-ipitated  by  the  addition 
)f  any  sulphate,  or  of  any  salts  of  the  ulkali-metals.  If  the  ordi- 
ary  liydrated  scHpiioxide  of  iron  be  kept  loiijr  in  water,  esj»eeially 
f  at  the  Kinie  time  it  be  exposed  to  a  low  teniyjerature,  it  expe- 
riences a  similar  modification  in  composition  and  properties.  Ajj 
setic  Solution  of  this  oxide,  if  kept  for  some  time  in  a  closed  ves- 
icJ  at  212°,  becomes  of  a  brighter  red  colour.  It  appears  to  be 
urbid  when  viewed  by  reflected  light,  but  clear  l»y  transmitted 
ifilit.  It  has  lost  its  astringent  metallic  taste.  Tlie  addition  of  a 
Liliilde  ftulphate  causes  an  immediate  ]>recipitute,  and  so  do  the 
trong  aciil>:  it  is  no  h»nger  reddened  by  the  jwhlition  of  asulpbo- 
Sy'anitle,  and  d(je»  Hot  give  a  precipitate  of  Pl■us^ian  Idiie  with 
clTucynnide  of  jxttassinm  (Pean  de  St.  (.rillcs,  Ann.  rle  Chimiiu  III. 
tlvi.  47).  Graham  found  that  if  a  solution  of  ferric  chloride,  in 
which  a  large  iiuantity  of  liydrated  ferric  oxide  had  been  dissolved 
y  prolonged  digestion  in  the  cold,  were  .^nbuiitted  to  dialysis,  a 
jlution  was  eventually  obi aine<l  \\  inch  contained  a  pi'o[>ortion  of 
)8-3  of  the  oxide  and  1-5  oV  hydrochloric  acid.  This  solution, 
luwever,  in  n  few  weeks  became  gelatinous  spontaneously  in  the 
iottle  to  which  it  was  transferred. 

liydrated  sesquioxide  of  iron  is  now  used  to  some  extent  for 
htj  purpose  of  jiurifying  coal-gas  from  sulphuretted  hydrogen, 
I'JucIi  is  always  produced  during  the  dislillafion  f»f  coal.  For  this 
lurpose  the  oxide  is  mixed  with  sawdust,  and  pluced,  in  layers  <if 
0  or  li  inches  in  thickness.  u]>on  the  iierforafed  slieh  es  of  a  dry 
ixiie  puritier;  hvdrated  sesquisuluhide  of  iron  an<l  water  are 
•ormcd  ;  Fe.O,.  ^'  U,^  +  3  II,S=Fe,S..  *  n,*->  +  '^  H,e.  After 
^he  mixture  has  cejised  to  absorb  any  more  sidj>hin'ettcd  b_\«lii)gcn, 
it  ia  oxidized  by  e.xposure  to  a  current  of  uir;  liydrated  scxjui- 
t;xidc  of  iron  is  thus  reproduced,  and  sulphur  is  set  free;  3Fe,S„ 
fl,0  -f  3  0,=2  Fe,0„  x  11,0  -f-  3  S,.  The  mixtui-e  may  again 
lie  uaed  for  the  same  purpose  a«  at  first,  and  this  process  may  be 
1  several  times  in  succession,  until  the  accumulaticjii  of 
mechanical ly  impairs  the  absorbent  powers  of  the  mixture. 
.'uuBiderablo  elevation  oi  temperatm'e  attends  the  act  of  reo.xida 
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.tion,  whii-h  must  therefore  be  prevented  from  taking  pbce  with] 

'  tfM>  miK-l)  rnnitlity. 

Sesiinioxule  ufiron  ponibinw  with  some  of  tlie  more  j:n>wiTful| 
bases,  towards  which  it  ac^t*  the  part  ot'  a  feehb»  aciij.  Tlie  ckiih 
piiuruU  whieh  it  tbrras  bv  heatinnj  it  with  the  h_v<lratep  of  {H>tn'-lj 
Biul  sodn  are  easily  dccoui]W!«c<]  by  wat^r,  but  the  ox'uh  n-t,iinl 
traces  of  therio  bases  with  gix'iit  ol"»stinacy.  Aceoiibnj;  to  Pelnti/.i-j 
wlien  4  }it(»ni?  of  lime  and  1  atom  of  peroxide  of  iron  are  fn 
tated  to<,i>ther  and  boiled,  they  nnite  and  tbnn  n  whit"-  ♦••'iii^ti 
(4  €?ftf^,Fe.,0,)  wliicli  is  reatbly  <h'eninj>oftod  by  the  * 
Sedijuiitxide  of  iron  (teeuiv  native  combined  with  om 
crystals,  mixed  with  oxide  of  niantjHne!*e.  eonstitntiti;;  /"'r^Tii 
Uniif.  With  protoxide  of  iron  it  tornia  tlie  blsick  or  tiut^netu 
oxide  of  iron. 

(75S)  Bla<^  or  Maqwt'it)  Oride  of  Iron  (Fe.O.') :  Sp.  Of 
6-09 :  Comimitinn  in  100  ^wrC*,  Fe,  72-41 ;  O,  2r'.r».— Tliit.  o\iiU 
oecnrs  a*  a  well-known  !mr»eral,  the  loadnUmfi,  wln'cli  a<' 
maj^netism  from  the  indiK-tive  intluenee  tif  the  earth,    1; 
in  primitive  nxdcs.  furmiiifj:  W-ds,  or  sometiinei*,  h*  hi  h«f<ltii|J 
entire  mountains.     It  fnminhett  a  verj'  pure  and  excellent  in>n, 
of  wliich  a  large  qnantity  is  annnallv  supplied  from  the  Swe<li»li 
and  American  mines.     It  has  a  black  colour  an<l  metallic  luotrcj 
it    crystallizes   in   cnbcs,   octohedra,   or  rhombic   do<lecahe<}r 
Miijjnetic  oxide  of  iron  u  the  jtrineipid  <;otit*titnenf  of  tlie  waltl 
of  oxide  which  are  detaclied  dm'injr  the  fortjin^  of  wrouplit  jj 
It  fuses  at  a  hi<ih  temjierature,  and  is  forme*!  when  iron  i«  ha  ~ 
in  oxygen, — the  scsqnioxide,  which  is  the  n-siilt  of  the  ^*<>in| 
tion,  lojiin^  jtart  of  its  oxyj^en,  owing  to  the  intensity  of  the  Inn 
developed  during  the  combustion.     The  magnetic  oxide  is  ti* 
furmed  by  passing  steatn  over  Iteated  in>n  tuntijig*.     A  hvdra. 
of  tliis  oxide  (Fe,B„Il,B)  may  l>e  proctired  by  dividing  a  /rwW^ 
prepared  solution  of  ferrous  sulphate  into  three  cipial  portiottt'j 
twi)  of  these  are  aci<hilatod  with  sulphuric  acid  and  heat<  " 
the    lK>iIing-point ;    to   the  boiling    liipiid    nitric   acid    is 
gradually  so  long  as  its  ad<lition   causes  the  evolution  of  nTtri| 
oxide:  when  this  point  Ls  reached,  the  whole  of  the  ferrous  siil 
will  have  been  converted  into  a  ferric  salt ;  fi  Fe"SO^+8  II,S<" 
-H  2  HXO,  =  3  (Pe'",  3  SO,)  +  2  NO  +  4  H.O:    the  rcmatt^ 
itig  portion  of  the  solution  of  the  ferrous  Bul])hatc  is  then  \k>\m 
into  the  hot  liquid,  and  carbunate  of  sodium  ur  caustic  amii 
is  ad<led  in  slight  excess:  the  solution  and  [trt*cipitate  are 

[together,  and  the  black  oxi«le  is  formed  as  a  heavy  crysM 

fowder.  The  magnetic  oxide  is  soluble  without  difficnll^ 
ydrochloric  a<Md,  as  well  a-<  iti  nitric  sicid  and  in  aatia  rcgii 
tliis  oxide,  however,  does  not  form  specrific  salts,  but  mixluns  o| 
ferrous  and  ferric  salts;  Pe.O,  +  4  H,Se.  =  Fe"SO.  +  (Fe'"" 
3  SO.  -f  4  II,0. 

If  ret'cntly  i>recipitated  hydrated  8«*mpiioxide  of  itvm,  o)>t«ttM 
[from  the  sesquieldoridc  by  ammonia,  Iw  well  w;i-^ 
'being  dried   be  boiled   with   water  and   iron   t 
excess,  hydr(»gen  ie  evolved,  and  magnetic  oxide  of  iron  tor 
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■»<>)  Fertie  acid  (II,Fee,  =  122,  or  IIO.FoO,  =  0  +  52).— 
ixture  of  1  purt  of  tie.s<|iii<).\ide  nf  iron  and  4  parts  of  nitre 
ted  to  full  re^lneae  fur  b«)i)ie  time, a  lirown  mii-ss  i.s  (.>lituiii(<], 
wirli  water  gives  a  beautiful  viiplftH'(>loure<l  .-inlutinii,  due 
presence  ot  ferrate  of  potassinin.  In  tlii<  eonipouiid  the 
is  couihined  with  a  larger  «itniijtity  of  oxvgeii  than  in  the 
ijoxide,  but  the  ferric  anh^vdride  lias  not  teen  obtained  in 
lated  form.  Ferrate  n^  putas.siuni  may  be  more  easily  yw^ 
by  suspending  1  part  of  recently  jtrecipitated  hydrati-d 
.o.vidc  ot  iron  in  a  coneentrate(!  solution  of  pota.>ih.  conr^ibling 
parts  of  hydrate  of  potash  and  5i»  of  water,  and  then  trans- 
iig  a  current  of  ehlorine  gas :  the  ferrate  of  potasAinni  is 
ihle  in  a  concentrated  solution  i>f  potjish,  and  ifv  dejwtsited 
black  powder,  which  may  be  drained  upon  a  tile  itreniy). 
compound  is  very  soluble  in  water,  but  is  precipitated  iu 
flocculi  by  a  large  excess  of  alkali.  It  is  a  very  unstable 
tt  in  dilute  stdutions  the  alkali  l^eeoiues  free,  hydrated  ses<|ui- 
of  iron  subsides,  and  oxygon  escapes.  Organic  matter 
imposes  it  sj)eedily,  just  as  it  does  the  jtennanganate  of  |X)tas- 
;  a  temperature  of  212'*  destroys  it  instantly  if  in  solution, 
[the  addition  of  an  aci<l,  even  in  quantity  insufficient  to  iien- 
the  whole  of  the  alkali,  causes  the  immediate  separation 
gen,  and  preeijiitatiou  of  the  sesijuioxide  uf  iron. 
I'rrates  of  barium,  strojitintii,  awd  calcium  may  be  obtained 
in  the  form  of  red  insoluble  pi'eci]*itates,  by  admixture  of  solu- 
tious  ot"  the  8ttlt£  of  the  earths  with  a  solution  of  the  ferrate  of 
ita.s.MHm. 

anklyn  and  Carius  have  described  a  hylriile  uf  iron  procured 
e  acrtion  of  iodide  of  iron  on  zinc  ethyl.  It  has  not  been 
»iitilvse<1,  but  is  described  as  a  Idack  powder  which  evolves  pure 
Ivilfiigcn  when  gently  heated :  hydivjculoric  acid  dissolves  it  with 
evolntiun  of  hydrogen. 

fl'lU)  Xiti'ide  of  Iron. — AVheii  iron  wire  is  heated  in  a  current 
"ffiry  ammouiacid  ga^  for  some  hours  it  becomes  brittle,  but 
dofti  uut  usually  gain  in  weight  nu>rc'  than  uliout  yV'l  ]H>r  cent. 
Dwpretz,  however,  obtained  a  compound  of  iron  with  nitrogen  in 
whioli  100  uarts  of  iron  inereaj*ed  to  111 "5,  becoming  less  dense, 
wittle,  whitish,  and  less  oxidizable  than  pure  iron.  Sulohurlc 
•cid  dissolves  this  nitride  ea;sily  with  evolution  both  of  hydrogen 
■"d  nitrogen,  whilst  sulphate  of  ammonium  is  ivfained  in  solution. 
'nie«ted  to  redness  in  a  current  of  dry  hydi-ogen  it  bei-omes 
•'c'liifcd  to  metallic  iron,  wHiilst  nmmonia  is  generated.  Fremy 
'ouiid  that  it  becomes  easily  and  i)erniauent!v  magnetized.  He 
■"ttud  the  l>est  mode  of  jirepariiig  this  nitride,  to  which  he 
"'tributes  8  composition  expressed  by  the  formuhi  (Fe^N,),  to 
<»iit>ist  in  transitdtting  a  current  of  dry  amnxuiia  over  dried 
«?nvjU6  chloride  heated  to  redness  in  a  p<ircehiln  tidie.  If  pure 
jfirrie  oxide,  as  obtained  from  the  oxahite  by  ignition,  be  heated 
"1  »  ctu'rent  of  ftmmoni.H,  a  brittle  nitride  is  iornied,  consistiu}^ 
^f  Pe,N  (Kogostadius),  which  is  Mith  much  prtibabllitv  regarded 
I'y  the  laet-nained  cLeiuiet  as  the  oidj  deiinite  nitride  of  the  luetal 
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(701)  SrLPinDE8  of  Ikon. — Siili>hur  combines  wttli  initi  in] 
Beveral  jirDnortions :  the  protosiil|tlii«lt?.  PrS,  ami  tliu  1)t--i'  ''••'■  i 
Pc'S,,  iiR-  tlie  most  iiiiiHirtaiit  ;   luit   licsides  these  &  di- 
F«,S,  luuj  hc'Oii  oliiainorl  liY  heiitiiii;  suli>hiitf  of  irnri  to  nMinc 
a  CMirreiit  of  hy<li'<'}j;t'ii  }j;ji.s :  n  sp>(niisiilplii<h*,  Fiv,'^,,  mny  »l« 
f<iniie<l  !•-<  a  hydrate  l»y  jirnciiiitatiMg  the  pfiva!' 
j«l'ut<)!<(il|iliiiU'!i  of  thi^ilkaliiif  intjtiils;  ari<itwoiii  _ 
of  iron,  l*'e,S„  and  ¥efi„  are  found  native. 

Prokmiiljihidf,  ur  Sulpharet  of  Iron  (PeS=S8,  or  FeS=:44)j 
may  be  prepared  by  hpating  a  bar  of  iron  to  whiteness  *n<i 
brin<rin^  it  into  contact  •with  a  roll  <>f  sulphur:  iiniix'dittte  lUiifiiL 
takes  pmce,  and  the  resulting  sulphide  melt;;  and  runn  ilown  m| 
drops  of  a  reddisli-hrown  cidour :  when  funned  in  this  ii' 
U'^uaily  eiiiitains  an  excess  of  snlphnr.     It  imiy  also  l>e  j 
by  prujoetin;;  in  .sueeessi ve  portions,  into  a  red-hot  earthen  erucilijoj 
a  mixture  nf  7  parts^  iif  inm  tilings  witli  4  part*  of  t?ulphur  in  Una 

ixiwder;  vivid  deflagration  occurs  at  tlie  moment  of  combiuiitiiii 
^rotosnlphido  of  iron  disj^olves  both  iron  and  sulphur  if  eithor  ' 
pre-ieut  in  excess ;  it8  eouiiKisition,  thcreftirc,  is  variable.     L3i| 
cjirbon,  the  presence  even  of  a  minute  \M)rti<ni  of  >'  ' 
the  ipudity  of  wrought  iron,  which  if  it  conuiin.s  e^ 
suljijiur  is  rendered  'red   sliort.'     Anhydrnus  prottn-ulplui 
irun  is  dissolved  by  diluted  sulphuric  or  hydrochloric  ncid' 
ev<dution   of   sulphuretted  hydrogen:  this  decompiwition  is 
quently  einnloyed  in  the  laboratory  as  a  convenient  source  wf 
siilphnrc'ttea  hydrogen.     Nitric  aciu  ami  mjua  regia  dci-oniiiiiM 
ir  and  form  ferric  nitrate  or  ferric  chloride,  setting  part  of  till 
ifulpliur    free,  and   converting   the    residue  into  suljiliuric 
When  heated  in  the  open  air,  this  sidpliidc  abs<:)rbs  oxygel 
beciunes  converted  into  sulphate  of  iron  ;  at  a  still  higher 
rature  it  is  decom]>osod,  sulphurous  and  sulphuric   anhydrTit 
escape,  and  sesmiioxide  of  iron  remains. 

Protosulphide  of  iron  may  Ik>  obtained  as  a  black  hydr 
by  precipitating  a  solution  of  a  fen\)us  salt  with  a  Golutlon  uf 
protosulphide  of  one  of  the  alkaline  metals;  thus  2  KlT.^-j-Ft'Sf 
=  FeS+  lljSi-  K,SO, ;  iu  this  condition  it  rapidly  attracts  o 
from  the  air,  and  assumes  a  brownish-red  colour.  si'S(pii<ixi«! 
iron  being  formed  and  sulpluir  liberated.     Wlien  iron  is  pro«t't 
in  very  minute  quantities  in  a  solution,  and  i^-  pn-ci pirated  by 
solution  of  sulphide  of  ammonium,  the  very  finely  divido<l  partici* 
of  sulp!»ide  of  inm  arc  apt  to  pafss  througli  the  filter;  the  licjii" 
then  has  a  peculiar  green  tint. 

If  iron  filings  l)e  mixed  with  two-thirds  of  their  \^    '  ' 
phur  in  (>owder,  and  moistened,  (he  mixtiwe  bceon. 
rexj)osed  to  the  air,  and  ai>sorl»s  oxygen  with  i»utfirieul  rapiti 
'cause  it  in  many  cases  to  inflame ;    sulphide  (»f  iron  L-  ukT 
formed,  ami  this  quickly l>ecome8c<mvi'rt(Mi  into sulpbut*'.   Avail 
able  lute  for  the  joints  of  iron  vessels  is  eomixise*!  of  •  "■■»"ir 
^!0  parts  of  inm  nlin";s  sifted  fine,  and  2  of  sal  aniii 
]>i>wder  intinnifcly  blended  with  1  part  of  flower-    *' 
jjowjer  is  made  into  a  \[i\\s,U'  with  water,  and  apj. 
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w  mlmrte*  it  becomes  liot,  swells,  discngageg  ammonia  ami 
ilphui-etted  ]i_vcll*<'gt'n,  and  suon  sets  ji:?  hanl  as  iron  itself. 
f     (762)  B'lisul pldde  of  I  run  (FeS,=li>(),  or  FoS,=60)  ;  Hp.  Gr. 

E\\   CiimiHmtum  in  WO  pa/iti,  *'e,4G-67;  S,  53-33,— Thiri  eoin- 
nd  is  found  al)Hiid:intly  in  the  native  state,  constitutinti  tlie 
I  jryrifes  of  mineralogists.     It  oecnrs  in  the  strata  of  L'vc'r\ 
^lenod :  when  found  in  the  older  fornnitions  it  is  c'rystallized  in 
pub«,  and  sometimes  in  dudecahedru,  of  a  brassy  lustre,  and  is 
bard  enough  to  strike  fire  with  steel ;  but  in  the  tertiary  strata  it 
lljiire  frequently  occurs  in  tibrou-!  radiated  nodtdes.     Ihe  fonna- 
pon  of  iron  jiyritesmay  oeeasioiifdly  be  traced  to  tlie  slow  deoxi- 
Jdiition  of  feuijihates  by  organic  nnitter  in  watei-s  enntaiuing  t-ar- 
.tjonate  or  other  salts  of  irnii  in  s<.>lution;  it  is  then  frequently 
|dep(»fite<l  in  cubes  or  octoliedra.     This  ajipcars  to  be  the  nsind 
[inode  of  its  fonnation  in  alluvial  sails.     t>onie  varieties  of  iron 
fjTrit««,  especially  those  found  in  the  tertiary  strata,  are  spee<lily 
ueciiinpoted  by  ex))o.inri*  to  air;  oxygen  is  al>s4irbe<l,  and  ferrous 
'  ♦nl]']iiite  formed.     Tliis  decouijHjsition  occui-s  with  greater  facility 
if  thf  bisulphide  be  mixed  with  other  substances,  as  is  the  case  in 
aluminous  schists;  in  wliich,   by  the  furtiier  action   of  nir, 
sic  ferric  snl]>!iate  is  forme<i,  whilst  the  lilicrated  sidplinrii; 
reacts  upon  the  alumina,  magnesia,  or  lime  of  the  soil,  and 
sulpliates;  those  of  aluminum  and  magnesium  may  be  ex- 
f'd  by  ILxiviation.     The  ru'dinary  crystallized  pyrites  from  the 
■r  strata  is  not   thus  decomposed,  but  a  variety  nf  a  whiter 
•tir  i;*  ra])idly  disiutrgrated  by  eX]>osure  to  the  weather;  this 
fnnii  of  pyrites  is  known  as  irhite  iron pyritcH  f  it  crystallizes  in 
Hfrlit  rlannboidal  jirisms.  but  it  possesses  the  same  chemical  ciim- 

Iition  as  the  yellow  cul»es. 
Jrtm  pyrites  is  not  acted  u])on  V>y  cold  sulphuric  or  by  hydro- 
Dric  ai'id,  but  is  rajJtdly  oxidized  ami  dissolve<l  by  nitric  u(  id 
andliyaqiui  regia:  boilitig  oil  of  vitriol  dissolves  itgrmliially  with 
'  nohition  of  sulphurous  anhydride.  When  heated  in  c]osc<l  ves- 
sels il  fuses,  and  sulphur  fs  expelh'tl.  Il' heated  in  the  air  it  Inirris 
■"^itti  fliiiue,  ]>eroxidc  of  iron  is  formed,  whilst  sul[)hurous  auliy- 
driile  f^capes  in  large  ipiantity.  This  circuuistance  has  Ineii 
taiTipd  to  account  in  the  manufacture  of  oil  of  vitrinl,  for  M-Jiich 

Eur|H)st?eui>rmous  quantities  of  mtindic,  as  the  bisufjihidf  is  termed 
vtlii'  workmen,  are annindly  eonsuiued.  The  aci<l  obtained  from 
tliat  source  is  usually  cniitaniinated  with  ai"senic,  wliich  in  small 
I'lantity  is  a  Common  impurity  in  pyrites.  Iron  pyrites  may  In; 
f'fi'I'iired  artificially  by  e\pi)sing  a  mixture  of  powdered  jiroinsul- 
I'Wdt'  of  iron  witli  half  its  weight  of  tlowcrs  of  sulplnu',  in  a  cov. 
fed  crucible  to  a  Leat  just  below  redness,  as  long  a.H  sulphurous 
l±^i  es«-ai>e. 

■(763)  Miujnetie  Sulphide  of  Iron  (Fe,S„  or  6  FeS,Fe!>,) ;  S^k 
Bw  4*fi.5. — Tins  compound  exiiiliits  a  brassy  lustre,  but  is  distin- 
guished from  ordinary  pyrites  by  its  solubility  iu  hydrochloric 
^^<].  It  is  often  formed  when  sulphur  and  irmi  are  heated  to- 
'^thcr  in  preparing  the  protosulphide  for  use  in  tlie  laboratory. 
'  er  variety  of  ma^ietie  pyrites  consist  of  Fe.ts^. 


ai'somciil  pvrutf*,  m  an  areeiu*'-' 
(PeSAs^  or  FeS,FeAs;  .S>.  Or.  'M^)  wLit-h.  am-  al- 

ities,  occurs  abundantly  in  the  llartz,  in  Suxcjuy,  atm  m  -Mi,i-«if 
tlie  Cornis^li  nniies;  it  crvtittillizL's  in  right  rhuuiltif  prL-aiis,  uf  • 
r.ti'ei-[j:;rL'y  i-ulour  an<l    metallic  lustre.      When  1  ■ 
ve^i^c•l^i  it  IS  partiullv  <k'c<'niiK»sf(l,  siiwl  snl|>lii<le  <>( 
If  cx|n>se<l  til  a  liigh  tciiiporature  in  thoinieii  air,  ii  i  -«»- 

ijuiiixide  of  iron,  wliii^t  arseniuus  ami  ^ul|•llur<•ll^  au  .   .-  »• 

i:ii\H:.     Analugxu*  compounds  of  coUiIt  and  ulckel  Ovcar  aniungft 
tlio  ores  of  the!"*?  metals. 

A  remarkable  class  of  coniponnds,  termed  hy  Rous&in.  wliu 
discovered  them,  irttntKiiljihitlfti  i;f  rrun,  may  l>c  nbl  ■  '  '  i'l' 
n-iiction  of  niU'ite  of  i>otiis.siimi  and  ^-ulphide  >.4  .•oim  :i 

the  sult-s  of  iron.     The  re^ictiinj  is  ci)in]ilicate<l.  an  ' 
will  bo  better  examined  ahmg  with  flutH'  itf  the  i         , 

SuhphmfjIilJe  (>f  Inm  i^^V)  may  beolifaiiiod  br  retluciiiii:  the 
phosphate  of  the  metal  with  charcoal :  it  fuses  at  a  n?<l  heat,  and 
forms  an  extremely  hard,  brittle  nuLSS,  which  iiiiitts  *-itli  both 
jihosphorus  fuid  iron  in  all  projmrt inn.H. 

(7(!4)  ('iu.oKn>E.'  OF  Ikon. — Iron  forme  witli  chlorine  twoconj' 
pnunds — ferroii*  chloritle,  li'eCl,  and  ferric  ehhiride,  Fi'.CI^ — 
wliich  coi'i-espond  in  composition  to  the  two  b>isi»*  uxidit^  of  tlie 
metal. 

Fci^rom  Chfoi'i^h,  Protochhrtdt  of  Iron  (F«a  =137,or  FrGI 
=f!3-5);  Sj).  Gr.  anhyrlr>niSy2'52H;  cryxt.  \-'Jiri\\,  —  \\y  |»bMnz(Iry 
hydnx'lilorie  acid  gas  over  ignite«l  metallic  iron,  tin'  acid  i«  de- 
composed, hydrogen  gas  escapes,  chlorine  c<>mbiui"!i  with  theiniii,i 
and  the  white  anhydi'ons  ferrous  <-]doride  subllnu-*  at  a  ' 
tnro  at  which  ghiM*  begins  to  sotVen.  Its  Bohition  may  t" 
by  dissolving  iron  in  imlrochloric  acid;  the  hot,  ftaturat».tl  injui<i 
deposits  the  salt,  on  cimling,  in  gn^en  crystals,  which  «»nt«ii 
Fe(.'l„  4  I1,0.  It  is.  very  soluble  in  water,  and  ii»  taken  up  in 
considerable  quantitj'  by  alcohol.  If  heated  in  tlie  oj»en  Jiir,  di 
I'ine  esca]>es  and  i>oroxi<le  of  iron  remains. 

Ferrous  cldoride  unites  with  cldonde  of  ammoninm  and  fiir 
a  douiile  salt,  from  which  the  iron  may  be  de]K»sited  n|»«>n  vannn^ 
metallic  articles,  by  boiling  them  in  this  solution  with  - 
zinc  :  the  zinc  displaces  tlie  iron,  which  is  depi>site<l  in  a  < 
lamina  ui^mi  the  other  juetals,  in  conse<piencc  of  a  voltaic  aHtiitij 

(7t55)  ^'Aiiuic/doi'ulf  or  I'lrrUUiridf  of  Iron.  (Fe^CI,=JIM 
Sv.  Gr.  of  Vapour,  11-39;  Mot.  Vd.  [~n.  (orFe.Cn.=lB21 
This  compound  sublimes  in  anhydrous  browir  stiulfiu  when 
chlorine  gas  is  transmitted  over  iron  hwited  to  nMlness,     Tli 
livflrous  chloride  is  very  <ieruiuescent,  an<l  hi>ses  when  thri>wi 
water,  forming  a  red  solution.     It  is  aUtt  soluble  both  in  nlc 
and  ether.     In  a  hydratod  con<lition  it  may  Ite  proi- 
porating  a  solution  of  ferrous  ehli>ride  tliroiigh  whirl i 
been  piisse«l  to  saturation,  or  by  disbolvint;  hydrateiJ 
Tivm  in  hydrochloric  acid:  the  solution,  bveonn-  ' 
large.  reJ,  deliijuescent  crystals  (Fe,CI,.  (J  Il,f>i. 
ni>t  Id!  rendered  nnliydrous  by  '  awxnupj 
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I  Iivdrocliloric  acid  and  i>enjxiile  of  irow.  It  u\>>t  <-n'.*ta]lizcs 
Bilate.  orange-coloiired  gruui»s,  with  12  II, O,  wiiirli  arc  lena 
jnescent  thun  the  utiier  hvth-ate.  Perchloridc  i>\'  inoi  Uirms 
jubie  salt  with  ehhu-idf  of  aimiiimiiini,  wliich  (-nstallizL's 
Klv  in  cubes,  and  i^  knuwii  in  jthnrujairv  t\t,  the  atiiiuttiiitt-4-hli>- 
\uf  iron.  The  cnnipusitiim  of  this  t^alt  varies;.  cnnsideraMy : 
I  of  a  ruby -red  eoluur,  aud  e>oldoiu  eoiitains  more  llian  2  iier 
'  of  iron.  A  duuhU'  salt  of  perohlttride  of  ii'ou  witli  eldonde 
uliuni  and  with  cSdoride  of  jiotassiiini  may  alno  Ijc  funiRHU 
A  hydrated  oxt/chlorldi'  (if  Irtm  is  f<»rnie<l  wlien  a  si'liitiun  of 
DBS  i-hloride  i:*  exported  to  the  air,  or  when  the  jtereldurido  in 
^{titated  by  a  small  qnaiitity  of  ean>tic  alkali.  It  is  iupolnble 
Jater  containing  saltsi,  but  is  imrtially  Mihible  in  pure  water. 
[760)  The  BKOMioes  of  iron  corre6.iKjnd  in  composition  to  the 
ridce. 

Verrou^  lotltde^  or  ProioifHlkle  of  Iron  (Pel, =310,  or  Fel= 
in  forine<l  by  dijrestinir  iron  wire  or  filinji^s.  in  a  ido^ed  vessel, 
four  times  their  wei-rht  of  ifKJine  sui^iiendod  in  Wiiter;  direct 
Bhiiiation  with  the  elements  takes  place,  thei<Kli(le  is.  rlissoived 
1  forms  a  pale-;^reen  solution,  which,  by  evaj»oratioii  //(  racuoy 
lis  crvi^taU  containiiifi  Fel,,  4  11,0.  By  a  continued  heat  it 
be  reiuiered  anhydrous,  and  in  that  state  is  fusible.  Its  .sohi- 
JB,  if  cxp«jsed  to  the  air,  absorbs  ox\f;en  and  is  decomposed; 
Ihie  18  Bet  free,  and  a  hydrated  oxyualide  of  iiou  falls.  This 
clmiige  is  retarded  by  niixinic  the  solution  with  strotiic  syrup  ;  and 
HP  tbe  compound  is  enij)loyeii  in  nudicine,  this  iiicfhod  is  fre- 
•luently  ailopted  to  ]>rescrve  nntfunuity  in  its  composition.  Ko 
<lefiiiite,/<7VK  ioHiiJf  is  crystalli/.able. 

(7t!T)  Fkrrovs  Sri-PUATK,  Prot>n<ulpJiaU  of  Iron,  Copj^erati^ov 

Orrcn  VUriol,  (FeSO. .  7  11,0=102  +  12<!,  or  Fe(;),S(). .  7  110= 

Tli+fh^) ;  ,^.  Or.  (tii/ii/(fraus,  3"13S,  cri/Mt.  l'.sr>7  :   i'omp.  rrt/nf.  in 

l(t<);w/-te,  FeO,  25-i»l ;  SO,,  28-77;  11,0.  45-32.— This  salt 'is  pre- 

IMU"e<l  in  a  slate  of  pjirity  by  dissolving  1  part  of  paire  iron,  (U'  1^ 

«r  it.«  iirotosulphide,  liy  the  aid  of  heat,  in  1^  parts  of  oil  of  vitriol 

i!  t'if.,1  \vith  4  of  water.     (Jn  lilterinfjf  the  solution  <juickly,  it  de- 

l"-ii-  licautiful  transparent,  bbiish-itrecii,  rhomboidal  crystals  ou 

'''^'liui;,  with  7  II,0.     They  etHoresee  in  a  dry  air,  and  form  a 

*''iitf  (!nist,  which  soon  becomes  of  a  rusty-brown  colour,  owing 

•*  the  absorption  of  oxygen  aud  formation  <>i'  a  biwic  ferric  sul- 

PJiatc.     If  crystallized  at  a  temperature  of  17(1'^  the  ferrous  buI- 

J^'iato  forms  rii^lit  rhond)ie  ]>ristiis,  which  contain  only  4  II,0.    It 

''?8y  also  be  obtained  crystallized  ^^  itii  o  and  witli  2  atoms  of  water. 

•■"r  conunerciid  jiurposcs  sulphate  of  iron  is  fiirnied  by  the  dec(*m- 

*'^ition  of  iroTi  ])yrites,  or  of  abuoiitous  schists  coiitainiiiii  pyrites, 

^  'tlrcady  descriijod  when  speaking  of  the  inanufucture  of  aUini 

^T).     The  guljihate  of  iron  thus  obtained  luvs  a  jirass-irrcen  cob 

***■»  owing  to  the  ]irespnce  of  I'errie  suliihate.     Sul])liate  of  iren 

**rgely  usi?d  in  combination  with  astrnigent  vegetable  rnattera 

*  *i  Mack  dye;  ordinary  writing-ink  is  a  compound  of  this  kind. 

This  salt  is  insolulile  in  alcohol,  and  reouires  twice  its  weight 

^  cold  water  for  its  bolutiou.     Its  solubility  is  greater  at  194° 


as  a  reuuciiig  ageiii;  il  i»  luua  eiiipiuywu  lu  urtt; 
palladium  in  the  metallic  form  from  their  soIuti< 
by  its  means  brought  into  the  soluble  condition, 
tially,  each  atom  of  the  crystallized  sulphate  los^ 
and  forms  a  white  powder ;  1  atom  of  water  bei 
temperatures  below  500°.  At  a  red  heat  the  su 
posed ;  sulphuric  anhydride  is  liberated,  but  or 
anhydride  yields  part  of  its  oxygen  to  the  iron,  •« 
into  the  sesquioxide,  whilst  sulphurous  anhydride 
=Fe,0,  +  SO,+SO,) ;  but  as  in  practice  the  sal 
dered  anhydrous  in  large  quantities,  a  little  wate 
Bulphuric  anhydride,  u-hicn  is  condensefl  as  a  bro\ 
the  'Nordhausen  Sulphuric  Acid' (415).  The 
oxide  of  iron  is  sold  under  the  name  of  colcotha 

The  aqueous  solution  of  ferrous  sulphate  in  ci 
of  all  the  ferrous  salts,  absorbs  a  large  quantity 
forming  a  deep  brown  solution  which  has  a  po' 
for  oxygen  :  if  this  solution  be  heated  in  closed  ' 
for  the  most  part-  expelled  unchanged ;  if  heal 
acid  is  formed  in  the  liquid,  and  this  conveits  th 
ric  salt. 

"With  the  sulphates  of  potassium  and  ammon; 
yields  double  salts  precisely  analogous  in  form  ai 
those  which  are  formed  by  these  sulphates  with  su 
The  formula  of  the  potassium  salt  is  (FeSO„K,S 

(768)  Ferric  Sxuphai^  ;  Peraxdphate  or  Sesqm 
(Fe'",  3  Se,=400,  or  Fe,0„  3  SO. =200)  is  mad 
ing  brown  haematite  with  an  excess  of  stron^sulp 
ing  it  to  digest  for  some  time,  and  then  expelling 
at  a  heat  short  of  redness  ;  or  by  adding  to  the  s< 
valent  of  ferrous  sulphate,  half  an  equivalent  of  ( 

iTicr    and  rioriividiziriO'  tlip  irr>n  liv  nrlHincr  tn  thp  cr 
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ilile  in  alcohol :  it  is  vcrv  prone  to  spontuneons  clccoirijHv 
tJon,  and  beeomes  converted  from  a  colourlejss  trnnsipareiit  crystal 
1^0  a  Virown,  gunnnv,  deli(juoM't'iit  iitsiss  :  tliis  flumfre  \^  also  ])i'i> 
uced  bv  heating  the  salt  to  a  tfinperaturo  bolow  212'^.  The  mixed 
iiiltttious  of  the  two  sidohatos  .-luuikl  therefore  be  allowed  to  eva- 
M>rate  6pontaneoiisly  nnriiig  tlie  preparation  of  this  sdt.  The 
loBblesalt  withaimiioiiium  (n,NFe"'2SO,.  1211,0,/f/J. j/r.  I'TIS) 
g  tinifh  more  permanent,  and  crystallizes  readily  in  beautiful  oc- 
K^'dra. 

Km)  FEERors  NiTKATE(Fe  2NO, .  (1  Tr,O=lS0  +  10S).— Tliis 
may  he  obtained  by  dissolvinj^  prutusiilpliide  of  iron  in  ei'ld 
c  aeid  diluted  with  4  or  5  tinit-s  its  bulk  of  water.  Sulphuret- 
iod  Ijydrogen  is  evolved  in  ahundaucr,  and  on  evaporatin<j  the  so- 
lution in  vacuo  over  oil  of  vitriol,  it  ery»?talh"zes  in  pale  grfcii 
thonibs,  which  when  heated  evolve  iiiti-ic  oxitie,  and  yield  a  basic 
ferric  nitrate ;  6  (Fc  2  NG.)  =  2  NO  +  3  Fe,0,,  *">  ^' A.  This 
dianjiie  sometimes  occurs  in  warm  weather  s[)<)iitaiieously.  The 
ic  salt  is  then  freely  soh.  Me  in  water,  and  is  nut  decomposed  by 
"  ition.  FeiTous  nitrute  may  ako  be  procured  by  decompojjiiijj; 
iution  of  ferrous  sulphate  by  an  e<^uivulent  quaiitity  of  nitrate 
irium.  It  cannot  be  t»btained  in  a  pure  form  by  treating  iron 
diluted  nitric  acid  :  siu<;e  in  that  ease  the  metal  is  dissolved 
lOut  evolution  of  gsLs,  and  anmiouia  is  fontied  in  the  liquid: — 

10  mfe.+4  Fe=4  (Fe  2  Ne,)  +  H.N]S'e.  +  3  H,e. 

Ferric  NitraU  (Pe'"  3  Xe.,3-IT,e).— When  nitric  acid  of  sp. 
1'2  or  I'S  is  digested  upon  metallic  iron,  a  vinjent  action  nccurs 
tended  with'  the  extrication  of  nitrous  anhydride  and  of  nitric 
oxide;  the  iron  is  at  the  pame  time  converted  into  ferric  nitrate, 
wbicli  is  obtained  with  difficulty  on  evaporation  in  ]>risraatic  hy- 
led  crystals.  An  insoluble  basic  nitrate  is  commonly  formed 
p  same  time. 

(770)  Ferrous  Carhnnai^  fw  proiocarhfrnttU  of  Iron  (FcOO,  = 
_.l;  or  FeO,  CO,=.'iS) ;  G,ii>jk  in  \m jmrh,  Fc,  4S-27,  or  FeO, 
'2'07;  0O„  37"H3. — Tbis  substance  is  found  native  in  immense 
quantities,  foi'miug  a  valuable  ore  tif  iron.     In  its  less  usual  condi- 
tion, when  crystallized,  it  constitutes  spathic  iron  ore,  and  occura 
'clkiwish  lenticular  crystals,  tl  e  primary  fono  of  which  is  a 
hohedron,  isoinorphous  with  calcareous  sjtar.      The  native 
Jiiatc  very  often  contains  carbuuatc  of  niaiiganr^se.     Tboclay- 
"*)'!  ore.  from  wbicb  the  greater  part  of  the  English  iron  is  oIh 
fji'itHl.  is,  as  already  iiieiitiMned,  an  iiripure  carbonate  of  iron, 
^'ay  iron-iitonc,  besides  the  more  usual  form  of  bands  or  scams 
S'fdnijianying  the  coal  strata,  occui's  also  in  detached  nodidcs  or 
''"iij*)',  sometimes  of  very  large  size,  inilicdded  in  the  clay  of  the 
**'iic  tbrmations.     When  carbonate  of  iron  is  heated  strongly  in 
/*^&8eUfroni  wliicli  air  is  excluded,  carbonic  anhydride  and  csirbonic 
^*ide  are  expelled,  and  mairnetic  oxide  of  inur  is  left,  the  dccoiii- 
^^Rition  being  a-s  follows:  8  Fcee,=  Fc,0,  +  2  P-fK  +  eO.     Car- 
iliate  of  iron  is  the  salt  courained  in  most  ferruginous  s]>rings,  in 
'»  it  is  held  in  solution  by  free  carbonic  acid  ;  it  is  rarely  pre- 
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Bcnt  in  a  larger  qiinntity  than  1  grain  per  pint.    Mere  exp(«w 
to  air  causes  its  separation  ;  the  acid  fs<'ape!>^  oxvjsreu  is  al>*ori 
and  hyilrated  peroxide  of  iron,  mixed  with  a  i-i 
ganic  matter,  subsideri,  fonning  tlie  oehrv  dej" 
chalvbeute  sprinj^s.     The  ferrous  earhouate  mny  be  proJuixty 
fieially  by  niixinjj  a  ferrous  t*alt  with  a  carbonHte  of  one 
alkali-metals,  when  it  falls  as  a  j»ale  green  volumini>ui?  lirilr 
whieli  is  siwedily  altered  by  exposure  to  air  ;  it  abs<irbe  oxvpfll 
rapidly  lot*ins;  its  carbonic  acid,  and  is  coJiverted  lulo  the  t?ij  hv 
drated  sesijuipxide ;  during  the  process  of  drying  it  is  tl^^•^•^•a' 
ahnoAt  Completely  decomjxjsed.     No  stable  ferric  carbonate <.i.i.-%, 
but  the  acid-carbonate  of  iKita.*sium  u.s  well  as  that  of  sv^lii 
solves  the  Indrated  peroxide  of  iron  ;  the  red  solution  thus  I 
IB  very  slowly  decomposed  by  jirolonged  ebullition. 

(TYl)  Oxalates  ok  Ikon. — Ferrous ojralatc  (^2 Fe0,O„3H,C 
is  occasionally  Ibrined  in  the  brown-coal  strata,  in  yellow  fibr 
or  granular  masses,  known  sis  Ilumhtjfilttk  or  irftn-resin.    Iti 
l>e  prejiared  artifi<'ially  l)y  ]>reeipitating  the  solution  of  trrwm 
phate  oi  iron  by  oxalate  of  ammonium  ;  or  bv  exp-  -' 
of  ferric  oxalate  in  oxalic  acid  to  the  sun.      tJarl>ni> 
evolved,  and  ferrous  oxalate  with  2  1L,0  is  thrown  iluwu  i 
yellow  crystalline  and  neai-ly  insolulde*  powder. 

Frirr'u-  oxalate  is  also  a  lenidii-ycUow  powder,  nearly  insoluM 
in  water,  but  soluble  in  excess  of  oxalic  acid.     It  may  beobtaiueJ^ 
by  mixing  a  slight  excoas  of  a  ferric  salt  with  ouo  of  a  eolab 
oxalate. 

Ferric  oxalate  forms  several  double  salts  of  the  fomM 
(^r,Fe"' H  ^,0,),  analogous  to  the  blue  double  oxalates  of  i 
minm  (704).  Double  oxalates  of  iron  with  potassium,  sodiu 
ammonium,  barium,  strontium,  and  calcium  liave  been  ohTAii 
by  digesting  the  acid  oxalates  of  these  metals  upon  hvdrated 
oxide  of  iron.  Theae  double  oxalates  are  all  freely  soluble,  ft 
is  owing  to  the  fonnation  of  the  soluble  potassium  salt  that  aciii 
oxalate  of  potjissium  (salt  of  sorrel)  is  useful  for  removing  stains 
of  ink  and  oxi^le  of  iron  from  linen. 

(77i5)  PnospiiATES  OF  Ikon. — Ferrous  j)ho»phats  (Fe'ITP^ti 
or  Ho,  2  FeO,  POJ  falls  as  a  white  powder  on  atldiiig  tri|'!i"" 
phate  of  stidimn  to  a  ferrous  salt;  by  exposure  to  air  it  ul-i-rl'^ 
oxygen,  and  befomes  l>lue.  A  hydrated  bine  pliosphate  of  iro'i  '^ 
found  native;  it  is  known  as  vioianite.  It  is  probably  a  mixnirc 
of  ferrous  and  ferric  |.hospliates  (Fe"nPe.,  2  Fe"''POj,  uwl 
contains  in  addition  about  3ft  per  cent,  of  water. 

X  ferrk- j)hmj>f)(U4>  {¥i}"'VB,,  2  11,0)  is  obtained  as  a  white 
powder  by  decomposing  perchloridc  of  iron  by  an  alkaline  iii'th'>- 
jthosphatc.  Ex-posure  of  this  salt  to  air  produces  no  chaTige.  1* 
18  insoluble  in  acetic  acid,  but  solulile  in  ferric  acetate:  ] !  •^; 
phoric  acid  is  sometimes  prcci[>itatcd  in  this  form  in  tljecouiM  "i 
analysis.  Its  composition  varies  according  ae  the  phosphate  < 
eodium  or  the  salt  of  iron  is  in  excess. 

Several  native  itilicafe^  of  irmi  are  known,  bnt  they  are  vA 
important.     The  '  finei-y  slag '  obtained  in  the  conversioia  of  ' 
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>  WTOTiglit  iron  consists  chiefly  of  ferroTis  orthosilieate  (Fe,SiO„ 
I  FeO,  SiO,).  Oxide  of  iron  rapidly  attacks  clay  crucibles  if 
id  in  tiiem. 

(773)  CiiARAPTEKs  OF  THE  Salts  OF  Tron. — Tron  forms  two 
tees  of  ?alts,  both  of  which  are  readilv  disitini^iisbod  from  each 
er  and  from  those  of  other  metals.  The  g-alts  of  iron  are  not 
Bonons,  unless  administered  in  excesjJive  (piantities;  they  form 
Dnble  tonic?  and  astringents  when  taken  intemally.  Thesoln- 
Bs  lH>th  of  the  ferrous  and  of  the  ferric  Baits  have  an  inky, 
riugent  taste. 

1.  Ferrrtwi  Salts,  or  Salts  of  the  Protoxide. — These  salts, 
len  in  solution,  or  when  crystallized,  have  a  pale-jrreen  colour; 
BT  redden  litiouA,  bnt  very  feebly.  With  tlie  alhiUefi  a  grey 
green  precipitate  of  hydrated  jvrotoxide  is  formed  in  their  solu- 
►116:  it  pa^st's  (piiekly  through  various  shade.*  of  green  into 
iwn  by  exposure  tu  tlie  air ;  this  change  of  colour  is  due  to  the 
iw)ri)tii>n  of  oxygen,  in  consequence  of  which  the  sesmiioxide 
eventually  produced.  If  the  precipitate  be  pniduecd  oy  am- 
p»ia,  an  e.xcess  of  this  reagent  redissolves  a  part  of  the  precipi- 
ke;  and  if  the  solution  contains  chloride  of  ammonium,  tiie 
lole  of  the  oxide  will  be  redissolved :  this  eohitiuii  altsorbs 
iT^'n  rapidly  from  the  air.  and  n  film  of  sesquiitxide  of  the 
Btal  is  formed  u]>on  the  surface.  Ferrous  salts  of  tlie  mineral 
litis  are  not  preci]iitated  in  sliglitly  acid  solutions  by  Huljfhvret- 
ihijilrnr/en  •  but  they  give  a  black  p!-ecij>itate  of  hydrated  snl- 
lide  on  adding  a  solution  of  sulphide  of  ammonhtm.  Ferro- 
^nide  of  patn*>num  gives  a  pale  blue  precipitate,  which,  on  ex- 
Wtre  to  tne  air,  deepens  in  tint,  owmg  tu  the  absorption  of 
^gen,  Ferricyiinlde  of  potassium,  when  added  to  a  neutral  or 
W solution,  gives  a  bnght-bhie  precipitate,  which  is  one  of  the 
►rieties  of  Prussian  blue.  If  a  solution  of  a  ferrous  salt  be 
biled  with  nitric  acid,  the  metal  is  completely  converted  into  a 
(fric  salt  :  the  same  thing  is  effeete<l  by  the  action  of  chlorine 
'  of  bi'omine,  or  by  boihng  an  acidulated  sohition  of  the  salt 
rfth  a  small  quantity  of  chlorate  of  potassium. 

2.  Ferric  Sa/ts^  or  Permits,  or  Saiis  of  the  Peroxide. — In 
►Itttion  they  have  a  yellow  or  reddish-brfiwn  colour,  llydrnsxil- 
^^inc  acia  reduces  them  to  the  state  of  tcrrous  salts,  whilst  a 
'nite  deposit  of  sulphur  occurs:  for  example,  with  ferric  srdpbate 
lefijlluwing  reaction  takes  place;  2  (Fe'",  3  SO,) +  2  H,S=4Fe" 
&,  +  2  H,SO,  +  S,.  With  miilphide  of  uvimojiivm  a  I'lark  hy- 
f»teil  sesqujsuli>hide  of  iron  is  precipitated.  The  hydrated  (dka- 
Wgive  a  reddish-brown  voluminous  pre<'ipitate  of  hydrated  per- 
h^o,  insoluble  in  excess  of  alkali.  Sitlp/tocyanide  (f  jwtaifHnim 
\  neutral  or  acid  solutions  gives  an  intense  blood-red  soluti<in ; 
tfToctjfinide  of  pota»si'>im,  a  bright  blue  precipitate  of  ordinary 
^ii^ian  blue.  Ferricyanide  of  potnfimum  occasions  no  precipi- 
■We  in  solutions  of  the  ferric  salts,  but  the  liquifl  ncipiiresagreen- 
luie ;  the  ferric  salts  may  thus  be  destinguislied  from  the  fer- 
I'ls  jialts.  Tincti/re  of  gaUs,  in  neutral  solutions,  yields  a  Ithiish- 
ot^k  inky  precipitate ;   it  is  the  colouring  matter  of  ordinary 
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Avriting-ink;  tlii&  test  is  reiulei-ed  inuelj  more  delicate  in  it»  indie*- 
tioua  by  the  addition  of  water  holding  a  little  ciirlKinate  -if  cal-; 
ciinu  in  solution  in  carbonic  arid.  In  ueiitml  $i»lutturi&  liit» 
soaff^  and  the  nv^ceiun/es  of  the  alkali -metals  give  vuluminoiis  b>] 
thible  precipitates  :  benzoate  or  succinate  of  ttmimmiuiii  • 
liuin  us  fionietiine*  employed  to  sepumte  iron  from  ni 
cobiilt,  as  the  bcnzoates  and  the  succinates  of  ' 
8<tliible.  If  a  Hiihition  of  a  ferric  salt  to  which  :i; 
adikil  till  it  bej^iiis  to  (»ccasion  a  jiermanent  precipitHte  in*  r»li* 
to  the  b((ilini;-|)i>int,  it  i*  completely  decomposed,  and  an  inxilutiL 
ba«ic  ferric  salt  is  precipitated :  this  property  is  olVen  turned 
account  in  the  separation  of  iron  frc»m  cohalt,  nickel,  and  mjuiirn"] 
ncse,  which  are  not  precii)itated  under  similar  cirriuur.taiR'ts 
Wlifu  a  ferric  wilt  in  .solution  is  digCiited  with  a  bar  i>f  zinc  in 
llask  provided  witli  a  tul)c  ft>r  the  escapo  nf  the  ^as,  tin*  ziiir  Im 
conies  di^<olvL'd,  liydroiien  is  evolved,  and  the  wlnde  of  fl 
prccinitatc<I  jv?  nero.xidc,  whilst  a  salt  of  /.inc  is  fomie<l  in  1 1  • 

Jif/(H'f  thr".  hloin/fijK  both  (dausses  of  the  &i\\i*  of  inm  uel  »hk»: 
M'ith  borax  in  the  reducing  llame  they  give  a  green  glxu^,  whit 
becomes  colourless,  or  yellowitsh  (if  tlie  iron  be  la  large  i^uantityJ 
when  held  in  the  oxidating  riarae. 

(774)  Kiiimntltin  of  Inm.  —  In  estimating  tli©  qunTitity 
iron  for  the  imrposes  of  analysis,  it  shotdd  alway»  lie  i 
verted  into  a  ferric  salt,  by  boiling  with  nitric  acid  or  nt 
alVer  wliieh  it  may  be  precipitated  by  excess  iif  amm«jnia,  juai 
then  well  washed  and  ignited;  pure  sesquioxide  of  iron  remaiui^J 
consisting  in  100  parts  of  70  uf  iron  and  30  of  oxygen.     Iron  ii 
thus  readily  separated  froni  the  alkalies  and  alkaline  earths.    If 
magnesia  be  i>re:reut,  it  isi  ai>t  to  be  partially  precipitafo.l  wit 
the  oxide  of  iron,   unk'ss    tiii;  solution  contuin  a  t;oji-^' 
quantity  of  chloride  of  ammonium.     In  the  presence  oi 
a<iil.  of  sugar,  and  of  varioiH  other  forms  of  organic  matter,  uaw 
iiiouia  jirccipitates  the  peroxide  of  iron  very  imperfectly  from  iti 
Solutions:  in  such  a  case  sulphide  of  ammonium  must  he 
jdoycd.     The  iron  is  then  thrown  down  completely  us  sulphi«k'| 
this  [irecipitate  must  be  redissidved  in  nitric  acid,  and  afterwi 
the  iron  may  be  obtained  as  peroxide  by  adding  an  excess  of  i 
iiiynia  to  the  solution, 

(77."j)  S>  jHxniiii>n  of  Iron  frma  Ahamnuiii  and  01  u, 
If  alumina  aiui  glucina  are  contained  in  the  liqui<l,  thc\ 
Jiany  tlie  peroxitle  of  m»n  when  prcoipitated  by  ainniojiia.  Wbrt 
these  earths  are  present  the  precipitation  should  Ikj  eftwrted  \t 
an  excess  of  caustic  potash  instead  of  by  ammonia:  tlie  preeij 
tate  should  be  gently  warmed  with  the  liquid,  for  th' 
idissolving  out  the  earths.  The  stdution  is  tittered  ; 
oxirle  of  iron,  whicdi  re«piircs  long  wnshing  witJi  l>oi 
remove  the  last  traces  of  potash.  The  alumina  an. 
obtained  from  the  alkaline  tiltrate  by  neutralizing  u  witt 
drochloric  acid,  and  tboi  utlding  a  slight  excess  of  animonlaj 
alumina  and  glucina  are  precipitated  together,  and  miut  bai 
rated  in  the  nianuer  described  in  (OTTi. 
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\  (776)  Separatum  of  Iron  from  Zinc.  Cadmium.  Cobalt^ 
^ichtl,  find  MdutjiiiKM,;. — ILiviiiy  jji'ocipittitod  tlie  «*:i<liiiiuin  \\y 
llliilm retted  hytlrogi'ii,  and  ivcuiivcrted  tlic  iron  into  jicroxide  by 
k»ilinf:  flie  li«iniil  witli  a  i^mull  ijuautity  of  nitric  aeid,  tin?  tiolulion 
»  to  W  largely  diluted  w\\\\  wiiter,  and  carbonate  of  sodiiina 
wl<led  trrafliudly  to  the  aeid  liquid  niitii  a  perinaiient  proeijiitato 

i'ftfiiniiL'd,  tboULjli  tlie  liiiuid  rt'iiiiiins  aci<l.  Tiie  Hilutfuii  niust  be 
lioiled.  atid  the  liqiud  filtered  thiin  tlie  bulky  ))ri'ci|>itiit(--  of  the 
Iwsic  ferric  salt:  the  dear  «>Iutioti  initst  then  be  sli^rhtly  suner- 
Butiirutefl  with  ejn'bonate  of  WMliuiii,  ntid  afterwards  tl^ebly  aeidu- 
l»ted  witli  acetic  acid:  on  apiiri  boiliiirr  t!ie  liquid,  the  la>t  trace 
cfiron  iii  thrown  down  in  the  form  of  baste  aeetate,  whilst  the 
ctliLT  metals  are  retained  in  tlie  solution:  the  preei[>itated  ealt 
(»f  iriin  mnst  Ik?  redissrdved  in  hydnteliluric  aeid,  antl  the  iron 
tlirown  (\<}vm  as  peroxide  by  the  addition  of  annnonia. 

Soiuetiines  umnioiiin  in  ext'ess  i.-;  itmde  use  of  to  t^fparate  iron 
from  these  inetals,  which  ail  fonn  soluble  eoiiijtoniuls  with  amnio- 
nin,  and  which,  it  is  supposfd,  will  retain  them  in  sohitton;  but 
thill  inetlio<l  should  never  be  resorted  to  in  analysis,  because  the 
oxide  of  iron  always  retains  a  larj^e  iiiuintity  of  the  other  oxides. 

(777)  Separation  of  Iron  from  I'nuiiniii. — The  iron  having 
liecn  converted  into  peroxide  is  jirecipitutcd  by  a  large  excess  of 
6tS|iiicarl)oiiate  of  aumutnium,  which  nTains  most  of  the  ura- 
nium. This  process,  however,  althonijh  usually  a<lopted,  is  im- 
jterfect:  for  if  the  quantity  of  iron  be  at  all  hii'iie,  a  considerable 
projKtrtion  of  uranium  is  precijjitated  along  with  it. 

(7iS)  Estirn/itimi  of  Ferrous  Salt  in  a  Mixture  of  Ferru:  and 

t'rouft  S<di^. — It  otteu  hajipens  that  tlie  chemist  has  to  ascer- 
1  the  relative  ]iro]>ortinns  of  protoxiclc  and  sesqm'oxide  of  u'on 
icli  a  compound  contains.  If  the  conqxinnd  of  iron  for  exaini- 
BHtion  be  soluble  in  hydrochloric  acid,  the  followin;.'-  pnicess  by 
Penny  will  be  found  botli  easy  in  execution  hm*1  Hceurute  in  its 
t^suJls.  It  is  ba,sed  upon  the  power  which  a  solution  of  the  nn- 
livdr(K'lu"omate  (Ijichromate)  of  ]Hita<sium  in  excess  of  hydro- 
chloric acid  possesses  of  couvertinL;  ferrous  chloride  into  lerric 
chloride,  while  the  chromic  acid  is  reduced  to  the  state  of  eliromic 
chloride ; — 

K.er,e,  +  6  FeCl,-!-  14  IIC1=3  Fe,C1.4-er,Cl.-f-2  KC1+  711,0. 

"1  order  to  carry  this  process  into  etfl-ct,  444  grains  of  jiurc  anliy- 
ufo-chroniate  of  potassium  are  introduced  into  an  silkalimeter 
f>urette.  (r>77),  wJuch  is  to  be  filled  up  to  o"  with  tcidd  water;  the 
mixture  1b  to  be  agitated  until  the  salt  is  dissolved.  Each  division 
of  tile  instrument  contains  sntlicient  of  the  anhydro-chi'omate  to 
convert  half  a  grain  of  metallic  iron,  ju'cseut  in  the  I'orni  of  fer- 
f*"8  chloride,  into  sesquichloride.  The  ore  for  cxiicriiuciit  hav- 
'"^  Wen  retlueed  to  an  extremely  fine  ]iowdcr,  filii  grjiiiis  of  it 
"^'^  Ixiih'd  in  a  ilask  for  ten  or  tilteeu  minutes  with  about  bounces 
'I 'l.vdrochloric  acid  of  s]i.  gr.  Tlno:  about  ii  omu-es  of  boiling 
'"*til]^(l  water  are  added,  and  the  mixture  imniediatelv  transferred 
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ronjrlily.     A  white  plate  is  then  spotted  over  with  a  fvw  •in'i<-  ■! 
a  woak  ertlittinii  of  ll'nii'yAni<K»  of  ]Hit;i«isinm,  ftml  tin?  nnhv<ln» 
chrornate  is  caiitionsly  rt'liicil  from  the  iilkaliineter  t.> 
of  iron  (whicli  is  kept  in  continual  ni^itatloit),  until 
clark-s^rcL-ninli  shade ;  as  soon  us  tliis  heirins  to  ftppeiir,  it  xn»%i  \ni 
jstm  utter  eu<"h  uddition^of  tiie  anhy<lr(vehroiiiate,  hy  takinjr  outJ 
drop  of  tfie  fsoliition  on  a>glH8s  ro<l,  and  adding  it  t<»  one  of  ttto 
rops  iif  tlie  ferricyanide.    AVhen  the  lust  di*op  no  longer  oeeai>iim«J 
a  hliie  preeipitate,  the  operation  is  etide<l.  and  thcnumherof  diri-j 
eions  ot  the  liqui<l  which  has  heen  added,  wheW  divi<led  by  two. 
indicates  the  amount  of  metallic  iron  whieli  exists  in  the  foniiitf  ( 
ferrons  eomiK>und  in  100  parte  of  the  ore.     The  total  quantity j 
iron  present  in  the  solution  may  be  ascertained  l»y  njaking  aj 
eeeond  experiment  on  a  fresh  portion  of  the  tire,  and  redn<ringtii«| 
metal  whilst  still  in  tJie  flask  with  the  hydrochloric  acid,  to  tiiaj 
state  of  a  ferrous  salt;  this  fs  readily  effeetefl,  either  by  trau«mit-^ 
ting  a  current  of  sulphuretted  hydroijen  and  then  exp«-11' 
excess  of  that  gas  by  ebullition  ;  or  by  boiling  tlio  com 
s<dution  with  metallic  zinc;  or  by  nearly  neufrulizing  the  li^ 
with  cnrlxiniite  of  sodinm,  and  adding  a  solution  of  sulphit 
sodium  until  a  drop  of  the  liquid  ceases  to  give  a  red  colour  when 
mixed  with  a  drop  of  a  solution  of  sulitliocyanide  of  {)otiif*>iuni,*| 
placed  upon  a  Mdiite  plate:  the  lirpiid  is  then  boiled,  lo  e.\]n'l  tlxjl 
ex<^ess  of  sulphurous  acid.     When  the  iron  has  thns  been  redwe«ij 
to  the  state  of  ferrous  salt,  the  whole  iniantify  of  the  metal  pr 
sent  may  be  ascertained  by  means  ot  the  solution  of  ; 
chrornate  of  potassium,  as  before;  the  ditfereneo  Itetwecu 
results  will  give  the  per-centage  of  metallic  in>n  i>re*<jnt  in 
forju  of  ferric  salt. 

Another  excellent  pnxjess  for  determining  the  amviant  of 
ferivjussalt  present  was  contrived  by  Margneritte  {Ann,  <ie  Chimii 
III.  \\\\\.  244).     It  consists  in  ascertaining  the  quantity  of 
measured  solution  of  permanganate  of  potassium  of  known  ^t 
which  the  cold  acidulated  an<l  largely  diluted  solution  ot' 
hydrochloric  acid,  can  deoxidize  and  deprive  of  colour,  owiitg 
the  reaction  cvjtrcssed  in  the  following  equation : — 

2  KMnO,  +  10  Fe"a,  +  16  HCl  =  2  MnCl.  +  2  KCl-f 
5  Fo"',Cl,  4-  8  H,e. 

The  strength  of  the  solntion  of  pcrmangftnatc  is  asccrtj 
by  dissolving  5  grains  of  clean  iron  wire  in  Vioiling  hydro<li| 
acid,  diluting  the  solution  largely,  anduscertaining  tlie  numb 
divisions  of  ]iermangamite  measured  from  a  Iturette,  which 
capable  of  decoK»rizing. 

The  total  quantity  of  iron  i>rosent  in  an  ore  or  othw  cr 
pound  may  be  Jiscertaincd  by  a  second  experiment  upon  a 
portion  of  the  ore,  reducing  the  iron  to  the  state  of  a  ferrous 

•The  red'-: "-"t  of  stitpWtr'  -'•■-r":-  r-  "•-  -— -> .— .i-  ./• ., .- 

plained  by  tl  fqimtion, 

oonvcrtoJinii  of  sodium 
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)v  mpnns  «)!'  zino,  or  otherwiae,  as  described  when  treating  of 
r'eniiy's  proce5^>*. 

(T7y)  Atuilt/sis  of  Cast  Trnn,,  Sted,  and  Bar  Iron. — For  tins 
mrpiisc  iLc  metnl  nuist  be  reduced  to  a  tine  Ptate  of  snbdiviniidi 
»j  means  of  a  new  tile,  previously  freed  from  oil  bj  the  action  nf 
.  sulntion  ofpotiu^h;  the  tine  partielcs  dL'tached  are  to  be  eitted 
.hn>ii|^h  a  lawn  sieve.  Some  kinds  of  east  iron  are  too  hanl  to 
idinit  of  l>ein<r  tiled;  thej  inust  be  crushed  in  a  email  mortar 
a<U'  of  hard  strt'l. 

1.  The  jm)]Mirtion  of  cnrlrfm  is  ascertained  by  niixinsf  from  50 
;o  KHl  trniins  of  finely-divided  iron  with  about  lU  times  its  weight 
t>f  rhniitiate  f»f  lead  or  of  oxi<le  of  c<»pper;  tlien  placing  it  in  an 

pparatus  Mmilar  to  that  sho-\vn  in  tig.  2HS,  p.  68,  and  burning  the 
ron  in  a  very  gentle  current  of  oxygen ;  the  carbonic  anhydride 
•rhioh  is  formt-d  is  collL-cteil  in  a  solution  of  i)0ta*h  i>laced  in  Lk'big'u 
talbf:.  The  tube  which  contains  the  iron  is  gradually  heated  with 
harcoal.  eomtnencing  at  the  extremity  nearest  the  potash  bulbs, 
md  tilt.'  tire  is  slowly  advanced  towards  the  other  end,  until,  when 
Jie  operation  is  completed,  the  whole  length  of  the  tube  is  red  hot. 
From  the  quantity  of  carbonic  aidiydride  thus  obtained,  the  pro- 
H»rtl«tu  of  carbon  in  the  iron  may  be  calculated.*     But  it  has  lieen 

PMidy  explained  that  cast  iron  contains  carlx»n  partly  in  chenii- 
Mombi nation,  partly  in  a  state  of  mechanical  mixture,  and  it 
uniMjrtant  to  determine  the  relative  proportions  of  the  carbon 
■which  exist  in  these  different  conditions.  This  may  be  efi'ected 
by  dissolving  the  iron  in  liydrocjiloric  acid.  In  this  operation  all 
the  carbon  wWch  was  chemically  cc^mbined  with  the  iron  is  sepa- 
tsted  in  the  form  either  of  a  gjisefnjs  compoimd  of  carl)on  and 
bT«lr«)gen.  or  a^  a  Hquiil  hydrocarbon  ;  whilst  the  scales  of  graphite 
meehanically  diffused  through  the  metal  are  not  acted  upon  by  the 
acid,  anil  are  left  in  a  solid  form  mixed  with  silica.  In  order  to 
H.'icertjiin  the  proportion  of  grajdiite  in  this  residue,  it  is  collected 
on  a  small  weighed  filter,  and  washed  with  etlier,  to  remove  any 
inihcring  liquid  hydrocarbon ;  the  filter  and  its  contents  are  dried 
tt  21*2°,  aTul  weighed  in  a  covered  crucible.  The  residue  is  then 
burned,  and  the  silica  which  remains  is  deducted  from  the  weight 
t>(  the  precipitate  collected  on  the  filter. 

2.  Kitriif^en. — Two  methods  were  employed  by  Boussingault 
lor  a«:ertaining  the  amount  of  nitrogen  :  thefii'st  consisted  in  oxi- 
dizing a  known  weight  of  iron  (by  heating  it  to  redness)  in  a  cur- 
rent "  if  steam,  condensing  the  water  at^er  it  had  passed  over  the  iron, 
luid  dctonnining  the  amount  of  ammonia  that  it  contained,  by  a 
nicthud  previously  contrived  by  him  for  ascertaining  its  amount  in 
■ain-water :  the  second  consisted  in  converting  a  given  weight  of 
Ton  into  sulphide,  by  heating  it  with  cinnabar,  and  measuring  the 
unount  of  nitrogen  m  the  »;aseou«  state  by  a  method  exactly  ana- 
ogous  to  that  invented  by  Diirnas  for  determining  the  amount  of 

^  A  I'-ss  r.ipid  bist  accurate  plan  i-onpisU  in  (U)jestiug  the  iron  in  fllin(a:8  or  in  fVag- 

>l-  of  normal  chloride  of  copper  (CuCI-)  dissolved  in  crater;   the 

■  fl,  and  copper  precipitated  in  its  place,  whilst  the  carbon  is  left 

■  iiivi.ifd  I'.udition.    The  precipitate  must  be  collected  on  aiilter,  dried,  and 

I  to  a  tabo  in  which  it  is  burued,  aa  aboTO  directed. 
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nitrogen  ia  an  organic  body.     For  detaile,  then 
the  papers  in  tlie  ('ompUfi  Rcndus  ("vol.  Hi.  pp. 

3.  Tlie  tjuautityof  s'du^tm,  fdntaiuud  in  the  inm 
by  dissolving  the  metal  in  hydrochloric  acid  an<l  b\ 
solution  to  dryness,  moistening  \rith  concentrated  JjV'i 
acid,  then  dissolving  all  the  8<jluble  niatter  in  walcr,  »ti'. 
ing  the  silica  ou  a  hlter  :  from  this  residue,  after  the  pi 
burned  ofl',  the  quantity  of  silicon  can  be  estixuated,  lOi ' 
silica  representing  46 '66  of  silicon. 

4.  Sulj)hur,  P/iosp/ioni«,  nn<\  Arsenu'.  —  Tin 
mode  of  estimating  these  sulistanccs  consists  in  <'■ 
60  grains  of  the  lit»ely  divideil  iron  with  about bi.\  tii 
of  a  mixture  of  5  parts  of  pure  nitre,  and  1  part  of  . 
potfu«dinni,  in  a  crucible  of  silver,  or,  etill  better,  of  gold.*     Th 
phosphorus,  sulphur,  and  arsenic  are  thus  converted  into  pbi«*] 
phone,  sulphuric,  and  arsenic  anhydrides,  which  fonn  raits  by  thein 
action  upon   the  potash ;    when  tlie  fused  mass  is  digested  in 
water  they  are  dissolved,  whilst  the  peroxide  of  iron  nMimitw  on- 
dissolved.      The  filtered  solution  is  supersaturated  vrit; 
chloric  acid,  and  the  sulphuric  acid  is  thrown  down  by  ii. 
chloride  of  barium  ;  the  excess  of  barium  is  remove<I  by 
sulphuric  acid,  and  the  arsenic  is  thrown  down  by  a  cur 
eulpliuretted  hydrogen.      The  li<piid,  tiltered  from  sulpliide 
ai-senic,  is  now  neutralized  by  ammoniii,  and  on  the  addtf- 
few  drops  of  solution  of  sulphate  of  magne'^ium,  the  p!  'JI 
acid  is  gradually  separate«l,  on  standing,  us  the  crystalline  il'jubUf ' 
phosi^liate  of  magnesium  and  aimnoiiium. 

The  sesquioxiile  of  iron  is  dissolved  in  hydrnchl" 
a  current  ot  sulphurettetl  ]iy<lrogen  is  transmittcil.  l»v-'> 
would  be  separated  as  sulphide;  tlie  filtrate  is  boifwl  with  ni;: 
acid,  aud  the  iron  separated  from  manganefle,  cobalt,  or  nii >• 
by  means  of  carbonate  of  sodium  in  the  manner  alrettdv  deecn  • 
(770). 

§  V.  Chromium:  er=525;  or  Cr=26-27.     <^.  Gr.  C'SI. 

(7S0)  Chromitsi  is  a  metal  which  is  but  sp.-i' ' 
over  the  earth.     Its  most  important  ore  is  the  ^■•.■ 
a  compound  of  protoxide  of  iron  with  spsquioxide  of  chnin.; 
(FeO,  Gr,0,),  which  is  generally  found  massive  ;  but  has  now  .i:i 
then  been  met  with  crystallized  in  regular  ofitnhodra  likti  the  in  ._• 


netic  oxide  of  iron,  to  which  it  corresponds  in  composition  ; 
]>rincipally  supplied  from  North  America  and  from  Sw 
Occasionally  the  metal  occurs  in  a  higher  state  of  oxidati 
combination  with  lead,  as  chronjate  of  lead  (Pltt?r0,').  In<l|_ 
was  in  this  beautiful  mineral  Unit  Vauquelin,  in  tlie  year  1' 
firef  discovered  the  existence  of  chromium. 

To  obtAin  the  metal,  oxide  of  chromium  is  intimattl 
in  flue  powder,  with  charcoHl,  and  made  up  int^  a  pn»-tc 

*  Anj  traoee  of  ranadiuni  or  of  clironiium  would  alno  bo  oxiilionl,  ol 
lag  (he  QU18&  in  ynXer  would  ho  diMolvecl  out  ia  Ibe  aiiulioe  UquiiL 
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then  placerl  in  a  crncihle  lined  with  charcoal,  and  the  cover 

of  tlie  fnicihle  is  Intod  on,  urter  wliich  it  is  exjtosttl  for  two  lioui^s 

to  the  lieut  «if  a  good  wiml  furnace  ^  an  agglomerated  mass  of 

metallic  appcurunce  is  thus  obtained-     It  is  not  pure  chrouiiura, 

l>nt  eoiifiists  of  a  combination  of  carbon  with  the  metal.     Chro- 

minm  obtained  by  this  method  i«  very  difficult  of  fusion ;  it  gene- 

r»lly  forms  a  porons  mass  composes!  of  brilliant  grains,  whicli  are 

hard  enough   to  scratch  glass.     In   tliis  state   it  has  a  specific 

gravity  of  alniut  5'y,  whicli   is  no  dimlit  Irnver  than  it  would  be 

after  complete  fusion.     Dcville  found,  on    reducing  chromium 

Irom  pure  fte.*fjuioxide  by  means  of  charcoal  ti'om  sngar,  in  qnau- 

tity  insiifiicient  for  comjilete  rednctiim,  that  the  mass  underwent 

partial  tiision,  but  couM  not  be  melted  into  a  compact  button 

t  a  temperatuiv  sufficient  to  fuse  and  volatilize  platinum. 

;ed  with   the  hydrate<l  alkalies,    alkaline  carbonates,  or 

-.  chromium  is  rapidly  converted  into  eliromic  acid,  which 

i(?s  a  chromate  by  action  on  the  alkaline  hiis^.     It  may, 

however,  be  heated  to  reiiness  in  the  open  air  without  l)ecoming 

oxidized,  and  is  not  acted  on  liy  any  acid  except  hy<lrotluoric  acid, 

Freiny  transmits  the  vapour  of  sodium  over  chromic  chloride, 

wliieli  is  placed  in  a  porcelain  tray,  and  heated  to  redness  in  a 

iMjrcelain  tube :  the  chromium  is  ()l>t!>ined  in  brilliiint  crystals, 

wliicli  heloug  to  the  regular  system  ;  they  are  in8f)lnble  in  aciua 

regia.    Wohler  reduces  chromium  from  the  violet  chloride  by 

fusini;  it  with  twice  its  weight  of  zinc  under  a  flux  of  the  mixed 

clilorides  of  i^jtassium  and  sodium  :  nitric  acid  is  em]doyed  to 

diagolve  the  zinc,  an<i  the  chroinium  is  lefV  as  a  grey  brilliaut 

crTittalline  powder  of  sjx  gr.  (J'Sl.     If  chromic  chloride  be  mixed 

With  jiotassinm,  and  heated  in  a  covercfl  crucible,  aiuither  modi- 

fieiifion  of  chromium  maybe  jtrocured  ;  after  washing  the  re*idue 

witli  water,  the  metal  rc-niiiiiis  in  the  form  of  a  dark-grey  imwder ; 

'liidi  assumes  a  metallic  lustre  under  the  burnisher.     Ihis  pul- 

ernlent  chronuum,  if  heated  in  the  air,  tjikes  fire  below  redness, 

tod  ijums  brilliantly:  it  is  oxidizeil  with  great  violence  by  nitric 

wid,  sometimes  becoming  incandescent  during  the  action  ;  and  it 

1«  dissolved  by  hydroeldoric  acid  and  diluted  sulphuric  a<;id,  with 

e^'olntion  of  hydrogen. 

Metftllic  cliromium  has  not  been  applied  in  the  arts,  but  its 
■juioxide  and  many  of  the  chromates  are  highly  valued  a& 
•louring  materisld,  both  in  painting  on  porcelain  and  in  calico- 
printing. 

(781)  CoMPomros  of  CiniOMnnt  with  Oxtoen. — Chromium 
8  four  well-marked  oxides  ;  a  protoxide,  OrO,  and  a  sesqui- 
Jdc,  6r,0„  both  capable  of  forming  sAlts  with  acide ;  an  inter- 
ii^^diate  oxide  (€rO,©r,0,),  corresponding  to  the  magnetic  oxide 
"firon;  and  a  Btable  anhydride  (GrO,)  which  by  its  action  on 
f"i«03  foiTus  salts  correspondin*;  to  the  manganates  and  ferrates. 
"  ttliK)  appeal's  to  be  probable  that  a  perchromic  acid  (IlOrO,) 
^xitits;  at  least,  a  blue  liquid,  which  is  soluble  in  ether,  is  obtained 
'">  ixmring  peroxide  of  hydrogen  into  a  solution  of  chromic  acid ; 
'""  'I'tne  of  its  compounds  ai*e  known. 
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Protoxide  of  Chromium,  or  Chn*m<fuj>  Oj' 
or  CrO  =  ;it"3). — Tins  oxide  is  knowu  tmlv  m  ti 
dition.    It.  is  ol»t:iiiuxl  as<liirk-l>r<i\vn  pi-ccipitnte  on  adding;  catutia j 
]H>ta-sh  to  a  Pfdntion  of  the  chroinous  chloride:  it  :ilji^>rl'>  Mwr 
vrith  cjrctit.  avidity,  and  even  deimmpose*  water  writJi  e\i 
ofhvJlroajon.  and  tlieii  heeomes  convertotl  into  the  inttrtiH  mi. 
hydiated   oxide  (OrO,6r,0„II,0),    wliicb    »  of  tlie   tvlwir 
Spanish  ?nuit'. 

The  protoxide   of  clirominm  forms  a  double  snlplrnt**  vn\\ 
sulphate  of  i>ot:is?ium  (Or'K,  'J  Sf>,.  <<  n,0).  wrrp?]" 
double  sulpuate  of  iron  and  potaf5<.ium  both  in  form  ui  .         i 
tion.     The  crystals  are  of  a  tine  bhie  colonr. 

(782)  SeittjmOin'fltt  of  €/irofn!iim,  or  Ckromie  Oride  (fV,0,: 
153,  or  Cr,0,  =  TO'5)  Sp.  Gr.  cnfst.  5-21 :  Comp.  in  100  jMrU^ 
Or,  r>8-fiS;  B,  31-3.— Tlim  oxide  is  obtained  a^  a  -.•       "  ' 
hydrate,  hy  boilintr  with  alcohol  a  solution  of  njth\i' 
(bifliroinate)  of  potassium  aeidnlated  with  enlplniric  acid.     The 
alcuhol  deprives  the  chromic  aei<l  of  lialf  its  oxysren,  and  the 
liquid  bei'onie*  t;n?en  from  the  fnnnatiim  of  clironricsnlphatc.     / 
eurreut  of  sulphurous  iwid  may  bo  onployed  instead  of'.T.-,  ,1,, 
in  tlie  reduction  of  chromic  acid.     On  tlie  addition  of  hi 
a  bulky,  ijelatinous,  bluish-orreen  precipitate  of  the  hydratcn  ><\:> 
is  pro<luct'd,  wltich  retains  alkali  with  proat  ol>stinacv  even  whs 
boiled  with  water.     In  this  f«inn  it  is  freely  *ilnble  m  acid*i,^ 
foriDS  salt)?,  the  s<>lution5  of  which  are  of  a  gri.xm  colunr;  but 
do  not  crystallize.     (See  nofs  below.) 

Sesqui<7xide  of  chromium  gives  rise  also  to  another  got  of  eoluJ 
ble  salts,  which  are  of  a  violet  colour  and  crA'stallize  rv^adily.  If 
these  violet -coloured  salts  be  iireeipitated  by  ammonia,  tliey  ^ 
a  l>luish-cjreen  hvdrated  oxide,  wliiclt  if  redisisolvetl  in  an  acid 
^without  the  application  of  heat,  rei>rtKJuces  the  violet -cototir 

Its.     Thi*<  precipitated  oxide  becomes  greerr  by  th«»  af-ti«»n 
eoiU!entrato<l  saline  solutiouj*  upon  it.     If  a  solntinii  i 
violet  salts  be  heated  to  the  Iwiliiig-point,  or  a  littii 
the  *alt  at  once  becomes  green.*     The  hydnited  oxide  froini 
violet  salts  is  the  mef^iehromrf; <yxu]e  of  Fremy  (^r,0„  V*  H,0. 
dried  in  vatvto),  and  is  soluble  in  exceeS  of  ammonia  in  prc'*«n<i 
of  acetic  acid:  but  acei>rding'  to  Siewcrt,  who  h.as  lately  examine 
this  precipitate  with  great  care,  it  is  not  a  pure  oxide,  but  neon* 
pound  of  the  hydi-ateil  oxide  vrith  ammonia  and  one  of  the  t>Jilt 
of  anunoninm.      It  is  soluble   iu  excess  of  aniTuoiiin  and  a<.-«?ti4 
acid,  owing  to  the  strong  tendency  of  chromic  oxide  and  aimrtoul 

*  Tliia  chftn>(e  of  colour  from  vi      • 
counted  for  tiy  BerzuliiiB  upon  ilio 

h\ f'--    f"'T    violet.  I> ;.|..,,rM, 

•!  Mil' Wue  hyiirati».  odIv  i-rislx.     TK 

i'!  ,         '  of  Uie  piif"?  o.uMe  with  p^'lut^h  or 

violet  «uliilinii8  oi  the  pure  Halts  bw-ome  gm-u  by  lioillnfr.  Inil  ' 
to  I)h>  i-onvfr^lfKi  fif  fho  norms!  huH  into  tfi'o  "olirhle  ?:ilif,  m 


jm,'   i.M    vHiiri,    II    .I'inii  i.il.'; 
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roee,  in  tJie 
'eptible 


prese 


nee  of  acetic  acid,  double  salts,  wbicli  are 


If  th 


h"t  sii>if'eptible  ol  decoiripo^ition  hy  aiiiiiioiHii.     u  tlie  original 
ite  be  thoroughlj  washed  till  all  the  soluble  salts  are  re- 
lom  it,  and  then  air-u;ied,  it  is  no  lunger  eoluble  in  acetic 
I  or  in  other  diluted  acids 

The  oul>'  way  t<.»  ensure  the  prouaction  of  a  pare  hydrated 
»nic  oxide,  according  to  Siewert,  consists  iu  precipitating  a 
iWe  chroniic  salt  by  the  addition  of  ammonia,  and  boiling  it 
I  excess  of  the  alkali.      A  liglit-bhie  precipitate  is  thus  ob- 
J,  which,  when  well  washed  and  dried  in  air  over  oil  of  nt- 
.ctmsists  of  (Or,0„  7  H,0).     If  dried  in  vacuo,  itreialns  only 
uG,  ai»d  if  di-ied  in  a  current  of  hydrogen  at  4U0°  it  retains 
f;  it  then  forms  a  blue  iiowder  with  a  greenish  lustre,  and  is 
luble  in  boiling  diluted  liydr<K'hloric  acid.     Hydrates  of  pot- 
^and  soda  precipitate  the  bydi-ated  sefiipiioxide,  and  redissolve 
"added  in  exceee,  forming  a  green  r  ,lution,  fiv-ia  whicli,  on 
5,  the  whole  of  the  scsquioxide  of  chromium  is  separated  as 
en  hvdrate,  which  retains  a  portion  of  alkali.     Indeed  p<itash 
[pfKJa  Lave  so  strong  a  tendency  to  combine  with  chroniic  ox- 
Ithat  if  either  of  tliese  alkalies  be  used  to  ]irecipitiite  the  oxide 
from  iu  salts,  or  if  salte  of  potjuili  or  soda  be  present  when  am- 
monia is  employed  as  the  jn-wipitant.  the  green  precipitate  always 
contains  one  of  the  fixed  alkalies.     "When  the  hydrated  o.xide  is 
hi-nted,  it  parts  witli  its  vvatcr  below   redness,  and  if  heated   a 
littlt  l)eyond  this  point,  it  siidilcidy  becomes  iucandesc'ent,  shrinks 
sideralily  in  bulk,  and  is  no  lunger  attacked  by  acids. 
'^  sides  the  soluble  variety  of  the  salt*  of  chroniimir,  an  anby- 
s,  insoluble  series  is  known,  corres|)unding,  it  would  seem,  to 
idense  and  comparatively  inert  inudiiication  of  tlie  metal  itself. 
'  nhydroiw  green  oxide  of  chromium  is  not  decomposed  by 
,  and  hence  is  used  as  a  green  colour  in  enamel  painting.     Jt 
Bnally  prepared  for  this  purpose  by  decomposing  basic  mcrcur- 
idhromate  by  a  red  heat:  half  tlie  oxygen  of  the  aidtvdride  is 
e.Xi)elltd  along  with  tlie  oxide  of  tnercury.     Chromatc  of  ammc»- 
iiuru  may  lui  employed   instead  of  chroniato  of  mercury  with 
cw]nallv  g<x»d  results.  Another  method  consists  in  strongly  igniting, 
11  a  covered  crucible,  an  intimate  mixture  of  4  parts  of  powdered 
"nhydro-cliromate  of  ]>ota.ssimu  and  1  part  of  starch;  the  carbon- 
ic of  potassium  resulting  tVoni  the  decomposition  is  washed  out, 
*"'!  the  sesquioxide  of  ciu-omium  whicli  remains,  after  undergo- 
j'j'l?  a  second  calcination,  yields  a  beautiful   clear  green  colour, 
■liiere  are  also  a  variety  of  other  modes  of  obtaining  it.     Sescpii- 
•"nde  of  chromium  is  the  colouring  ingredient  in  greenstone,  in 
^"^  emerald,  in  pyrupe,  and  iu  several  other  minerals.     The  pink 
^>Hr  used  on  eai-thenware  is  prepared  by  heatint;  to  redness  a 
•future  of  30  parts  of  peroxide  of  tin,  10  of  chalk,  and  1  part 
^^  cliromate  of  potas-sium ;  the  product  is  then  rtnolv  powdered, 
^4  washed  with  weak  hydrochloi'ie  acid ;  a  beautifui  rose-tint  is 
Ifet  obtained. 
^■A.  beautiful  green  pigment  known  as  vtrt  dt:  GuufnHiixa'axiW- 


M 


534 


cnsoMio 


Binin  with  3  times  ita  weight  of  crjstallizcMl  1. 
gen   auci  water  lire  expfllc<l,  and  on  wtic-liing  , 

water  a  basic  borute  ol"  cliroiniiun  is  left,  while  buniuic  acid 
borate  of  potaisbiiuu  are  <lis*>ylve(l  out- 

(783)  Chroyni'  jVo;.-»^>«e  (FeO.er.e, ;  Sp.  Gr.  4*5)  u  tk 
principal  ore  of  chromium :  it  coiTespomis  in  compoeition  to  till 
brown  oxidfl  of  chroiniuiu  anil  to  tlie  uin^^netie  oxi<le  of  irun 
part  of  the  iron  is,  however,  generally  (Uspiucod  bv  the  \'*>\u<  _ 

tihous  metal  miif^nesium,  and  part  of  the  ehivmiiuiti  ii\  ahniiiiHiiiJ 
^ike  magnetic  ironore,  chrome  iroii-^tone  often  crvhtnllize:'  i^ 
octohedru,  which  h.'ivealiout  the  same  hardness  sis  fele^par.  CliMii 
iron-«tiinc  is  scarcely  attacked  b}'  any  of  the  acids.  It  i*  infuj.il»i 
in  the  fnrnace,  and  wlien  heated  absorlw  nxyijcn  from  the  ail 
tin's  o.\ld:itii»n  lakes  place  rapidly  when  it  is  fK>wdercd  and  uiix<! 
\rith  a  earhonate  of  owm  «'f  the  alkalies  or  alkaline  earths,  chr 
mate  of  the  base  Ikmii^  formed.  100  parte*  of  thi;*  ore,  if  pur 
contain  -lr8-27  of  clnomiuni,  and  yield  SU'O  of  chnjinic  acid- 

(754)  Fremy  l>elieves  in  the  existence  of  a  scries  of  amnu 
niated  compounds  of  chromium  presenting  6»jme  analivv  wi^ 
those  of  e«)balt,  but  other  chemists  have  not  confinncd  "liis 
Bults.     If  a  solution  of  sal  ammoniac  containing  free  aiutnotiia 
digested  on  the  hydrated  i»xide  precij>ltate<l  by  ammonia  frt»m  <m 
of  the  violet  salts  of  chromiutn,  the  oxide  is  dissolved,  and  a  tin 
violet-coloured  solntiim  is  formed,  owing  to  the  f<innati(»n  of  j 
double  salt  of  ammonium  and  chromium.      If  the  solution 
evaporated  to  dryness,  it  funiishes  a  tine  violet  cotnponnd.  whi< 
is  very  sohible  in  water,  has  seai-eely  any  alkaline  reaction,  as 
gives  no  precipitate  with  nitrate  of  silver;  the  ordinary  \i»\» 
chromium  do  not  show  the  preeonce  of  the  metal.     "^Iien  tl 
solntion  is  lioile<l,  ammoida  is  expelled  an«l  hydnittnl  oxide 
chromium  is  {>recipitate<l. 

(755)  CuKOMiG  A:*iniTiun)E,  or  ChroTttio  Acid  (€?rO,=l< 
or  OrO,=50-3);  Sj>.  Or.  2'i>7C. — There  are  several  mo<les  ijf 
taining  this  compound.     1. — The  simplest  consists  in  mixing 
meiisures  of  a  cold  saturated  solution  of  atdiydrtv-chromate 
p(:)tassium  with  5  of  oil  of  \ntriol :  as  the  liquid  e<:H>Is,  the  ehronil 
anhydride  separates  in  beautifid  crimson  needles ;  for  tbongh  v< 
soluble  in  water,  this  compound  has  the  peculiarity  of  be!' 
insoluble  in  sulphuric  acid  <»f  sp.  gr.  1'55,  but  is  freely 
hv  it  either  in  a  more  coneentratwl  or  in  a  more  dilute  couditiin, 
The  crystals  are  allowc<l  to  dry  uiKjn  a  ]»orou8  tile,  under  a  \w\ 
glag&      A  gotMj  deal  of  snl|diuric  acid,  however,  Btill  adhere^ 
them ;  in  »>rder  to  remove  it,  the  crystals  Hhould  be  dis»<)lvi 
water,  and  a  solution  of  acid-c^hromato  of  barium  sliould  l»c 
in  (|unntity  just  sufficient  to  throw  down  the  whole  of  th< 
nhuric  aci<l  as  sulphate  of  barinm  :  the  solution  may  \w  rvcry 
lized  by  evapomtioii  in  vK^'W.     2. — Clironiic  »i  ' 
1h3  prt^pared  from  the  tluoriile  of  chromium,  l)y 
comjKuiiul  with  water <71H)). 

("hroniic  auhvdritftris  easily  frer>il  fVi.in  wnfi-r  Kv  drvtu^  it 
a  geutle  hoAt.    ViTivUe  hot  it  S^ib  >  k  rod 
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t  4<)0°  it  fhses,  and  if  heated  more  stroiiglj,  be- 

ksoiiies  viNndly  incftndfsKient,  mid  is  (•uiiverted  into  tlie  sesijiiioxide 

hffilh  diiscngiif^einent  of  oxjjreii.     The  anhydride  deliqueeces  when 

iex}K*ed  to  the  air.    Its  sohitinn  ha*  a  sour,  metallic  taste,  and  pos- 

BCe«e$  ronsiderahle  oxidizing  power,  from  the  facility  with  which 

it  is  reduced  to  sestiuioxide  of  ehmniiuin.     When  heated  with 

liTdroohloric  acid. chlorine  ie  evolved  and  t-hluride  of  chromium  is 

fornie.1 ;  2  erO.-f  12  UCl=er,Cl,+  «  H,e  +  3  CI,.    The  anhv- 

dri«l(' forms  more  than  one  crystalline  compound  with  sulphuric 

'";  those  compounds  are  deeompofied  liy  water. 

((f^6)  Cltnmiitten. — Chromic  acid   fomie  3  classes  of  salt?- — 

lie,  normal,  and  acid.*     The  ehromates  of  the  alkali-metals 

are  sohilde  in  water ;  the  normal  salts  liavo  the  *;eneral  fonnnla 

M',6rO, :    they  have  a  yellow  colonr ;    the  aci<l  salts  are  of  a 

bright  oranjie ;  the  most  important  of  these  salts  are  the  i-hnn 

nutc  and  anhydrii-chromate  of  potiuwium,  from  which  the  other 

Bpmateg  arc  sjenerally  rditiiined. 
Aiihydnj-chromate  of  jK/titJunum.  (K,0  2  Oi^O,,  or  K,€'r,0, 
Si);  or  /N,./tro7naie'of  jx/tmh  (KO,  2  CrO,=147-5);  .S>.  Gr. 
W:  Omiji.  m  liX)  jMtrfj<,  K.O,  31-86;  OrO.,  6.S-14.— Thi(i  «dt 
cnstiillizi's  in  lari!;e  red,  triuisparent,  aiiliydrou!*  four-sided  tables. 
h  fu*es  helow  reunefts,  and  an  it  cools  split.s  to  pieces  from  tlie 
inftiuality  of  its  contraction.  By  heating  the  anhydro-throtnate 
to  bright  redness,  normal  chromate  and  green  oxide  of  chromium 
nrv  formed,  whilst  oxygen  escajtes.  It  re<j^uires  about  10  times  its 
'  lit  of  water  at  60°  f<ir  its  srklution. 

n  order  to  procure  the  anhydro-chromate  of  potassium,  chrtjmc 
ii-stone  is  heated  to  redness  and  quenched  in  cold  water,  by 
^riiic'li  irieans  it  is  rendered  friable,  and  is  then  reduced  to  an 
^■remely  fine  powder,  atid  lieated  to  bright  redness  in  a  current 
^Hlir  in  a  reverberatory  furnace  with  a  mixture  of  chalk  and 
^Hbuuate  of  potassium,  the  mixture  being  constantly  stirred  to 
flBw^n  the  oxidation.     When  this   is  conijvlete,  the   pmduct   is 
'J'J.'fiBted  in  water,  carbonate  of  potassium  being  addeih  if  necw- 
wy,  ti»  decompijse  any  chromate  of  calcium  which  may  have 
I'wn  formed,  and  the  vcllow  solution  is  drawn  off  from  the  in- 
*fluble  matter ;  it  is  tlren  supersHturatcd  with  nitric  acid  ;  a  por- 
tion of  silica  is  thus  preci]iitated,  and  at\er  this  has  been  st-jia- 
'^te<l,  the  li<piid,  on   evaporation,  yields   crystals  of  anhydio- 
Jjhromute  of  potassium,  which  are  i>uritied  by  recrystallization. 
^he  addition  of  cbulk  in  the  furnace  favours  the  oxidation  by 
l"res<Tving  the  nuuss  Iti  a  |>orous  condition  :  if  potash  alont-  Wfie 
■^d.  it  would  fuse,  and  the  cbroiiie  ore  would  tall  to  the  bottom. 
According  to  Schweitzer  several  double  salts  may  be  formed 
vy  digesting  anhydroLdiromate  of  pota'^siiim  with  an  equivalent 
**'  ^me  base,  sucli  as  lime  or  magnesia.     The  chromate  of  msig- 
''^Uim  and   potassium  crystallizes  in  oblique   rhombic  prisms 

f^i -omic  acid  in  rcmnrkablo  for  the  anhydro-salta  wliirh  it  forms  with  potash; 

i  id,  it  j-ieMs  iliree  Bulla  with  this  base:    I,  that  known  sa  the  pliromat« 

^^      ''J:  2,  iUl'  bichromate  (Kj6,  2  t-rO>);  ond  3,  ihu  tcrchromfttc  of  potaab 

IZ . 
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{K,Mg  2  €rO, .  2  H,0),  and  a  salt  of  similar  compoeitioii  oiarbe 
obtained  with  calcium :  but  tlierc  is  no  HnHli»j»v  bt'twccu  tliwe 
double  clirnimites  and  the  ina^esian  doabk*  sulj>ijate6. 

If  a  Bohition  of  carbonate  of  i)ota!5siiuu  be  iwldcd  tn  thoanbv 
dro-clirouialt:,  until  it  bopouies  ot  a  pale  yellnw  «m>Ii 
aulivdrido  16  expelhid,  an<l  tlie  mtntmi  or  mutntl  chnni' 
=  1 94-5,  or  K(),Cr(),=973  ;  D^p.  gr.  2-C82)  is  fonued.     This  mIi  i 
8oh>ble  in  about  twice  itd  weiglit  of  cold  water,  and  still  rnur 
freely  so  in  boiling  water ;  it  \n\A  a  pure  and  intense  jellow  enU 
our.     A  very  small  quantity  of  the  salt  6ufBeet*  to  impart  a  jel-; 
low  tinge  to  a  considerable  volume  of  water.     By  evft|M milieu  nf^ 
its?  solution  chromafe  of  potui?j^iuni  may  be  obtained  with  ?••  • 
culty,  in  trauBparent,  yellow,  anhydrous  pripui:?,  which  ar- 
phous  with  those  of  sulphate  of  potassium  :  at  a  red  Iient  it 
without  undergoing  decomposition.     A  tfrchronuit'C  of  jM^ta 
(IC,B,  3  OrO„  or  IvO,  3  CrO,),  also  anhydnms,  was  ubtitinod  by! 
Mitseherlich  in  deep  reil  crystals!^  by  adding  an  excess  of  nitriu  acid] 
to  a  *)lution  of  tlie  anbydro-ehrouiate,  and  allowing  it  to  evajKirate.H 

Chronaie  of  eod'iuin  (Xa,^rO.  .  10  n^O=l<52-'>-Hl.so,  «r| 
NaO,CrO, .  10  Aq=S13-f-90)  may  be.  obtaine<l  by  a  ] »nK'i.*«  sini- 1 
ilar  to  that  employed  in  pre^)aring  chromate  of  {>otassium  :  it  forma  j 
efflorescent  crystals:  an  a<)(d-chromaic  of  sotlium  may  likewise  bol 
fonued. 

Chromate  of  cal<:ium  is  soluble,  as  18  also  tlie  acld'-ch " 
which  is  formed  in  triany  chrome  works  as  a  preliminary 
the  manufacture  of  the  cnromates.    Jacquelain  deeompoi=ie.s  <.i 
ore  by  roti.sting  it  in  line  powder  intimately  mixed  with  cli 
grinds  the  roasted  mass  with  water,  and  add*  sulphuric  acidj 
tlie  liipiid  has  an  acid  reaction,  in  which  case  acid-chromat 
calcium  ii>  formed,  and  remains  in  solution.     Chromui*' of  Ihi 
(BaOrO, ;   «p.  gr.   3"00)   is   a  canary-yellow  insolulile    poi 
Chrdinate  of  strwdium  is  yellow  and  but  slightly  soluble. 

Chrotnate  of  l^ad   (i^bCre.=324-5,    or    PbO,CrO.=  lC2-»J 
so.  ffr.  5'653)  forms  the  pigment  cidled  '  chrouie  yellow.'     II.' 
obtained  by  precipitating  a  somewhat  dilute  8<ilutjon  of  t 
of  lead  by  one  of  chromate  or  of  anhydro-chromat«  of  y»ots'w 
Cliroiiiatc  iif  lead  is  insoluble  in  water  and  in  :wji<ls,  !  ■  ftll 

the  insoluble  Baits  of  lead,  it  is  dissolveil  liy  a  large  (  ■  hr-l 

drate  of  ftotash  or  of  soda.     When  heated  to  400°  or  6tHr,  tt^ 
colour  becomes  r«ldish  brown  ;  at  a  higher  temperature  i'  fn-.-, 
and  when  heated  still  more  strongly  it  gives  off  about  4  j 
of  oxygen,  sesquioxide  of  chromium  and  basic  cbn>m»te  tu   lea.. 
being*  formed  ;  8  Pi.erO.  =  4  (PberO.,PbG)  +  2  er,B.4-3  O. 
Fused  chromate  of  lead  when  reduced  to  powder  i  i 

advantageously  substituted  for  oxide  of  copper  in  lb. 
and  analysis  of  organic  substances  very  rich  m  carbon.     A  di 
t^ht'oiruUr.  of  hw!  (2  PbO,GrO, ;    kj).  gr.  lj-2<>t>),  of  a  8i«1.' 
scarlet  colour,  may  be  obtained  by  boiling  n  solution  of  tl 
chromate  of  load  with  half  an  equivalent  of  lime,  ov  ' 
to  a  solution  of  nitrate  of  lead  a  solution  of  ohniiii 
eiuttt,  with  which  an  additional  uquivMlcnt  of  liydralo  ol  i-tuUk.<u ! 
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reviously  mixed.    It  may  be  obUined  of  a  etill  more  bril- 
nt  cylonr  by  fusing  one  part  of  the  normal  chrouiate  of  lead 
5  paile  of  nitre ;  chrcunate  of  potassium  and  dibasic  cliro- 
!  of  lead  are  fonned;  tlie  salt  of  potassium  may  be  removed 
nFasliinfj.     This  salt  is  used  to  iiiijtart  a  permanent  orange  to 
ilieo ;  it  is  easily  fixed  upon  the  fabric  by  dyeing  it  yellow  with 
bruniHte  of  lead  and  tlien  boiling  it  with  lime-water,  by  which 
Jf  tlie  <'hroniic  acid  is  abstracted  lUid  the  dibasic  ciu'omate  is 
M  attached  to  the  fibre. 

Bii&ic  m-ereurous  chror/Kiis  (3  Hg,0i*O,,Hp,O)  falls  as  an 
Bge-eoloured  insoluble  precipitate  on  adding  basic  mereurous 
iitwte  to  a  soluble  cljronmte.  Chrornat<>  of  »ili't^r  (Ag,<3rO, ; 
fr.  5*T7<>)  is  of  a  dark-red  colour,  the  tint  of  which  is  deeper 
IsolutiooB  be  mixed  whilst  hot :  it  is  crj'Btalline,  and  sparingly 

An  anhydro-chromate  of  sih-er  is  obtained  in  beautiful  crimson 
)les  by  heating  metallic  silver  with  anliydro-ehroniate  of  potas- 
inmand  sulphuric  acid,  chroiue-uhim  being  formed  during  the 

ITKCeSe: — 

lAft-hi  K,er,e,  +  7  ii,!se.=3  Ag,er.e,+  2  (Ker2  seo+ 
3K,se,-f7E^e. 

ClirtiTnie  acid  is  the  colouring  matter  of  tlie  nil>y. 

Blchromute  of  Chloride  ofPohtmium  (K(.'l,€?i-0,  <  or  K.Oi-O,, 
BrO,Cl,;  Sp.  (rr.  2"460). — This  remarkable  comimund  maybe 
Dbtftined  cr\'stallize<l  in  orange-coloured  iieLdles,  by  tlissoh'ing  3 
pirts  of  anhydro-chromate  of  potassium  and  4  ot  hydrochloric 
•cidin  a  little  water  at  a  gentle  heat,  and  allowing  it  to  cool:  a  M 
Targe  (|uantity  of  water  decomposes  tlie  salt.  f 

(TSI)  Se^quwilj>h'nle  of  Chrom'nua-  (Or,S,  =  201). — This  com- 
Wnnd  may  be  obtained  in  black  shining  scales,  resembling  plum- 
wipi  iti  api)earance,  when  the  vapour  of  bisul]»hide  of  carbon  ifl  ■ 
trausiiiitted  over  ses<piin.\ide  of  chromium  strongly  heated  in  a  ■ 
portelain  tube.  The  attractiiui  of  chromium  for  sulphur  is  but 
w'glit.  If  the  sul|>hi(ie  «»f  aminoiiiuiu  be  mixed  with  a  chronn'u 
**)l,  the  liydrated  sesquio.xiile  of  tlie  metal  is  precipitated,  whilst 
Mlpliiiretted  hydritgen  is  evolved. 

(Vss)  CoMi'ouxi's  OK  CrcKoiiTuM  WFTH  CHLORIDE. — Cliromium 
w"Tns  two  chlorides,  chromous  chloride,  OrCl,,  and  chromic 
^'Joride,  6r,Cl,:  the  hitter  is  the  more  important.     It  also  forms 

oxvchloride  (GrCl,0,),  frequently  termed  chbirorhronuc  acid. 
_Crt/'w/»<*»/j»  chU/ride  (Pcligot's  protocldoride,  6rt'l,  =  123"5,  or 
H^  =  61'7)  is  obtained  by  heating  the  chromic  ehhtride  to 
^Xiess  in  a  current  of  dry  hydrogen  (carefully  freed  from  every 
^ce  of  oxygen^ ;  it  is  a  white  substance  wliich  is  readily  dis- 
*»Ved  by  water,  forming  a  blue  solufiun  which  rapidly  absorbs 
^^n,  and  becomes  green  :  like  fei'mus  chloride,  it  absorbs  ^ 
'^Hc  oxide  quickly  and  becomes  brown.  ■ 

Chromic  Cldoride^  or  Scuquk-ldondii  of  Chromium  (Or.Cl,  =  ™ 
^^  or  Cr.Cl,  =  159,) — AVhen  a  current  of  dry  chlorine  is  tran.s- 
"tied  over  an  intimate  mixture  of  tinely  divided  Besquioxidc  of 


I 
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chroiniina  and  charcoal,  heated  to  rednoss  in  ; 
tiful  pale  viulet-coloured  scales  of  aiihydnnis 
eublinie.  Wlion  rnblicd  upon  the  skin  tUcy  ha\  e  a  ^^»MJly^ 
tlicy  are  quite  insoluble  in  cold  water,  but  by  boiling  li\ci 
water  for  Kome  time  a  green  eolution  is  gradually  formwL  Sb 
phuric  and  hydrochloric  acids,  and  even  aqua  re<j;ia,  do  not  diiM'it 
them.  It  is,  however,  very  remarkable  that  the  ehansie  from  tlii 
insoluble  to  the  soluble  green  variety  is  etiecte<l  in  a  few  inomcnll 
with  extrication  of  heat,  by  the  addition  of  a  minute  quantity  al 
the  chrotUDUs  chloride  to  rlie  insoluble  chloride  when  it  is  bi 
pended  in  water.  When  the  green  hydrated  sesjquioxide  of  ciir 
niinni  is  diss<dved  in  hydrochlnric  acid  a  similar  green  solution  i 


formed;  tlie  liqui«l  furnishes,  by  spontaneous  evajxn^ifi'-H 

crystals,  which  may  be  representol^  according  to  1' 

sisting  of  (Or.O.Ci,  4  HOI,  10  H,0) ;  ibr  it  i«  Pitig.i.u,  iu4i 


two-thinis  of  the  chl»>rine  which  thiii  solution  contains  if? 
tated  when  it  is  mixed  witli  nitrate  of  silver  {Ann.  t/r 
III.  xii.  536,  xiv.  230,  and  xvi.  294).    A  soluble  violet  cidwr 
the  metal  which  contain!*  the  same  proportion  of  i!bh>rine 
formed  by  precipitating  the  violet-coloured  sulphate  of  cUr 
by  an  equivalent  quantity  of  chloride  of  Itarium  :  nitrate  of  silt 
precipitate's  the  whole  of  the  chlorine  from  this  solution. 

Several  oxychlorides  of  chromimn  may  he  formed. 

(78H)    Chfnnn'li ramie  Acid  (^OrCl,Oj;    Sn.    Or.  of  tviywu 
5-52;  of  Uqnh},   Vll:  Mol  vol.  Q^ ;   lio'ding'jfL  250°.— T 
is  a  dense  red  liquid,  whidi  emit-*  copious  reil  fmiuw  of  a  sii; 
ing  cxlour;  it  is  immediately  decomposed  by  water  into  eh 
and  hydrochloric  acids.     When  drop|)ed  into  a  strong  solution 
ammonia  or  into  alcohol,  it  burst^j  into  flame  from  the  inteuAJtyi 
the  rejwrtion.     If  the  vapour  be  paused  thmngh  a  tnl>e  of  _ 
lain  heated  to  redness,  beautiful  rhombohodral  crj-i'tals  of  iw^qil 
oxide  of  chroruium  are  fonned;  these  crystals  are  ii*«.)morpLt 
•with  those  of  corimtlnnx ;  they  are  hard  enough  to  cut  ght 
are  of    a    very   dark   green   colour.      Durinff   their   foni_, 
oxygen  and  chlorine  escape,  in  consequence  ot  tlie  foUowiiigl 
tion  ;  4  erOl.O,  =  2  Or-.O.  +  4  CI,  +  O,. 

Chlorochromic  acid  is  analogons  to  the  chloromolybdic,  chic 
tungBtio,  and  chlorosul phuric  acids  in  comp<»riitiou,  iind   in 
products  which  it  yields  when  deeomp«'>*4etl.     In  order  to  prew 
it,  10  partfi  of  common  salt  are  fused  with  17  of  clu  of 

tasaium  ;  llie  !nelte«l  mass,  when  cold,  is  broken  ii.  ti 

and  gently  heated  in  a  rettirt  with  30  parts  of  oil  of  vilriid: 
cldor«)ciiromic  acid  distils  over  readily. 

(TOO)  Fi.uotttnK  OF  CiiKoMiiiM  (Ot-F,  =  Ifin-S,  or  OF,  =  .•s3i 
is  obtained  by  distilling  4  partes  of  chromate  of  lead,  3  of  pi>wdrr 
fluor-«par,  and  8  of  strong  sulphuric  acid,  in  »  i>l»t.lnum  rcUt 
sulphates  of  lead  and  calcium  are  fornie«l,  and  the  tluorido 
as  a  deep  red  vapour,  which  bv  a  low  temperature  i*  if?*lt 
a  blood-red  liquid  ;  PbOrO.  +  ^  eaF.  +  4  H,S<>.  =  PhS< 
©aSO,  -f  4  H,0  -f  GrF,.  Anr  pflir-r  rhr'nniite  mar  be 
tuted  for  chromate  of  lead  in  t 
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kTliioride  of  cliroiiiium  fonns  deep-red  famce  of  clu'omic  anliy- 
if  the  moment  that  it  comes  into  the  air,  as  it  is  instjiiitlv  de- 
id  by  moisture :  by  conducting  the  vapour  into  a  nioi.*tt>ned 
tinuui  crucible  the  vessel  beciMnesi  speedilv  filled  with  volunii- 
crvstals  of  ohromie  anhydride:  hydronumie  acid  is  formed 
id  ftiiuie  time,  and  mav  be  expelled  from  the  chromic  auhv- 
e  bv  a  gentle  heat.  1^  action  c»f  water  upon  tlio  tluoric\e 
y  be' thus  represented  ;  OrF,  +  it  U^  =  ©rO.  -f  <!  I  IF. 
[(T91)  NiTKiDE  OF  CiiKoMirM  (OrjN.K^  Schrdtter). — If  the 
ydrous  violet  chloride  of  chrumiuiu  be  heated  iu  a  current  ot 
mnimoniacal  fjas,  chlnride  t>t'  iimmonium  sublimes.  Trhikt  tlie 
oriile  of  chromium  is  ik'coui|M>sinI.  einittiiiii  a  pnrplc  lij^lit,  and 
finsoluhle  cliocolate-brown  conijtmnid  of  thromium  and  nitro- 
",is  left.  If  it  be  heated  to  l)etween  300°  and  4(»o''  in  a  cur- 
of  oxygen,  it  takes  tire  and  burns  witli  a  iK-autiful  red  li^:;ht 
oxide  of  chroniiiiin,  emitting  nitrogen  gas  mixed  with  red 
ones  of  peroxide  of  nitrogen. 

(702)  Sulphates  of  Ciikomii-m  (©r,  3  SO,  =  393,  or  Cr.O,. 
880,  =  ll^Ho) — There  are  three  varieties  of  this  salt.  One  of 
them  is  a  -green  sfjluble  compfiund,  which  is  freely  dissolved  by 
alcoliol,  but  does  not  cn-stallize.  It  is  viewed  by  Siewert  as  a 
uiiitiu-c  of  a  basic  and  an  a«-id  Rdi>hate  {Licf/ig's  Annal.  cxxvi. 
85).  It  may  be  obtained  by  boiling  hydrated  oxide  of  chromium 
with  .■iulphuric  acid.  A  second  moditication,  of  a  vu^hi  colour, 
may  hp  procured  by  digesting  8  parts  of  the  hydrated  oxide  <:»f 
im  dried  at  212  with  !'  parts  of  oil  of  vitrifd,  iu  a  bhullow 
xjioscd  to  the  air  at  orilinary  temperatures.  The  tuixture 
giiiiiiijilly  absorbs  water,  and  becomes  converted  in  two  or  three 
w^eek*'  time  into  agreenishd>lue  mass  of  crystals  :  if  these  crvstals 
MB  dissolved  in  water  tlieyfonn  a  blue  liquid  fmui  which  alcohol 
Wl'nratt's  the  salt  in  small  octohcdra  containing  15  H,0.  This 
mwiJticntinu  forms  with  sulphate  of  i^jtsissium,  or  with  suijibate 
of  aiiiTiirinium,  a  beautiful  violet  double  salt  ('<-hrome  alum)  which 
ciystailizes  by  sp.ontancous  evaporation  in  lifild  octobe<lra,  and 
«>rri'Sj)onds  in  form  and  coiiipttsititiii  to  onlinary  alum,  tjie 
fwnula  of  the  potassium-salt  being  (KOr  2  SO,,  'l2  II,0,  or 
KO.SO,.  Al,0.i  3  SO,,  2+  HO),  sp.  gr.  1-826.  The  solution 
<rf  tlifi  violet  sulphate,  when  ])oiled,  becomes  green  ;  and  if  the 
crystals  of  chrome  alum  he  dissolved  in  water,  and  the  solution 
1*  boiled,  the  ])hiin-co!<uniMl  liquid  also  becomes  green,  and 
«*e9  the  power  of  erystrdliziiig  on  cooling.  If  the  violet  sul- 
phate he  heated  to  212°  it  melts  in  its  water  of  crystallization, 
"•«<»  10  1I,0,  and  becomes  converted  into  the  gi'oen  salt  \  but  if 
^e  temperature  be  raised  to  about  700'^,  both  the  green  and 
uie  violet  mollification  are  rendered  anhydrous,  and  a  third 
**lt  is  obtaineti  in  red  crystals,  M'hich  are  no  longer  soluble  in 
*<*tL'r,  or  even  in  concentrated  acids,  or  aqua  regia.  If  digested 
•J""  4  long  time  with  water,  however,  it  becomes  converted  into 
«ne soluble  form  (Schrotter,  PtxjiitiLdorfs  A nnal.  liii.  513).  The 
•;Orup,jjiition  of  these  three  sulphatea  would  be  represented  aa 
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Red  insoluble  sulpliatc 
Green  Boluble  sulpliatt 
Violet  soluble  eulpliatt- 


.Or,  3se, 

.er,  3Se.  .6H,G 

.er,  3se.  .15  H,e. 


Several  subfiulphate*  oi"  cliromium  may  also  be  formed. 

(793)  NiTfiATE  OF  Chromium   (€r  3  XO,)   is  a  green 
soluble  salt ;  wlien  gently  i>2niited,  it  loses  its  acid,  and  yi ' 
brown  oxide  of  diroinium  (GrOA  wbidi  is  regarded  as  &  clir 
of  sesquioxide  of  clironiiuni  ;  (t'r,O„Or0,)  =  3  <f?rO,. 

(794)  Oxalates  of  Chromium. — Oxalate  of  suif 
a  green  insoluble  precipitate  wben  mixed  with  a  sol 
sesquichloride  of  clmimium,  but  if  the  hydruted  y 

chromium  be  digested  with  oxalic  acid,  a  green  soiu.  .^  

formed. 

The   oxalate  of  chromimn  forms  two  remark  •'' 
double  salt!*,  viz.,  <f<irk  Hug  salts,  whioh  f»)rm  bhii 
tions  in  water,  with   the  general   funnula  (M  ,€7r      ii  tr,' 
3  MO,Cr,0,,  3  0,0,),  and  ^jarn^t-coloared  salts,  which  form  i 
red  solutions  in  water,  of  the  formula  (M'6r"'  2  G.Q.).     Tho' 
poia«d>.im-«alt  (K,6r"',  3   G,0,  .  3  H,0)  mav  be  obtained 
Wiling  a  solution  of  19  parts  of  the  aidiydro-cfiromate  of  twl 
Bium,  23  of  normal  oxalate  of  potaHsium,  and  53  of  crystnllii 
oxalic  acid :  the  chronuc  acid  is  reduced  to  the  state  of  f^ewjii 
oxide,  and  carbonic  anhydride  is  evolveil  in  abund.'ince;  K,frrjf3 

4-2  K,e,e,+7ii,e,e;=6©o.+7  n,e+2  (K.er"  3  e.uj 

The  solution  is  evaporated  to  dryness,  redissolved  in  wat« 
set  aside  to  crystallize.     The  salt  is  dci)osite<l  in  large  rh<i 
prisms  which  appear  to  be  black  by  reflected  light,  and  blue 
transmitted  light.     They  appear  greenish  when  powdered,  tl 
solution  is  red  by  transmitted  and  green  by  reflected  light :  lu: 
inonia  does  not  precipitate  the  oxide  of  chromium  from  the  s«:»li 
tion  ;  hydrate  ot  potash  occasions  no  precipitate  till  the  liquid] 
boiled.     Corresponding  saltd  may  be  obtained  I ■ 
ammonium,  ban'inn,  strontium,  calcium,  and  n^ 
of  potassium,  but  these  different  salts  vary  in  the  proportion 
water  which  they  retain. 

The  red  potmsium  salt  (KGr'"  2  6,0, .  4  II^O,  or  fi  11,0)  m« 
be  procured  bva<lding55  parts  of  oxalic  acid  to  a  boiling 
trated  solution  of  19  parts  of  anhydro-chromate  of  j>)t( 
carbonic   anhydride   being    expelled,   owing    to    the    foUot 
decomposition  : — 

K,er,o,  +  7  H,e,e,  +  e  eo,  -+-  7  ii.o  +  2  (KOr'"  2  e.e.) 

It  may  bo  obtained  by  spontaneous  e\'ap<»r!ition  crystal lizi'd 
small  rhomboidal  tables,  which  are  dark-rod  both  by  rt'fli.'ct« 
and  by  transmitted  light ;  the  salt   nujuires  about  lU  pjirt* 
Ct)ld  water  for  solution,  but  is  soluble  to  any  cxli  ' 

water.     The  concentrated  solution  is  dark  green  Oi 
by  reflected  light,  but  r(H,1  by  tntn.-miittcd  light.      lJ\dri 
potash  gives  no  precipitate  in  the  .solution  til]  ruisod  loelntU 
neither  does  ammouia  cause  any  separatiou  of  uxide  uf  ^ruuiTu 
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.  analogons  salt  may  be  tormed  with   ammoninm   (H,KOr"' 

705)   CnARACTERS   OF   THE    CoMPOrNDS   OF   CnKOMlFir  : 

L — The  chromous  salts,  ov  salts  of  the  pralihdJe,  are  but  little 

fn.     They  alworb  ox^-fi^en    riiiiidly  from  the  air  ;  tlicy  are 

»Iy  soluble  in  water,  and  form  cither  red  or  bine  solution?, 

1,  like  those  of  the  ferr«jU8  salt?,  absorb  nitric  oxide  in  large 

itity.  and  form  dark-browii  solntions.     With  the  chromons 

lii^X&hijdrat^;  qf  potush  gives  a  brown  preei])itate  of  hydrated  iirot- 

loxideof  chromium  ;  ammonia,  a  groeni^h-white  precipitate,  wnieh, 

if  cliloride  of  ammonium  be  present,  is  redissolved  by  cxcewi  of 

ammonia,  forming  a  bine  liqaid  which  becomes  red  as  it  atiporbs 

n.    With  xufj/hidf  of  potassium  they  give  a  black  snlpliide  ; 

Vith  ferrocyanlde  of  2>ota^sium  a  green isli-yellow  precipitate. 

Te  saltd  reduce  solutions  of  gold  to  the  metallic  state,  and 

ert  corrog^ive  sublimate  into  calomel. 

2. — The  chromic  salts,  or  salts  of  the  sestjuioxide,  have  a 
iweetish  astrirucent  taste,  and  are  poisonous ;  their  solutions  red- 
den litmus.     They  are  either  green  or  viok't-colourecl ;  the  green 
wlntious  generally  transmit  a  red  light.     With  ammnvia  they 
yielil  a  bulkv  gelatinous  precipitate  of  hytlrated  sesquioxide  of 
diroiiiium.    Hydrates  oi' potash  arnl  soda  give  a  gn;en  jirecipitate, 
which  is  dissolved  with  a  green  cohnir  in  excess  of  tlie  cold  alka- 
line solution,  but  is  re-precipitat<l  completely  by  boiling  the  liquid^ 
earning  down  alkali  M-ith  it.     The  carbonates  of  the  alkali -nifjfals 
give  ft  green  precipitate  which  is  rediseolved  by  an  excess  of  the 
alkaline  liquid.    Svlphnretted  hydrogen  gives  no  precipitate.    The 
nlphidfs  of  the  alkaline  metah  precipitate  the  green  sesquioxide 
of  duvminm,  with  escape  of  sulphuretted  hydrogen.     It  any  of 
these  precipitates  be  fused  with  a  mixture  of  nitre  and  carbonate 
L|tpf''''**'um,  it  yields  a  yellow  soluble  chroraate  of  potnesium. 
^■8. — The  Chromatcs. — Before  the  hloitpipe  they  colour  borax 
™3  microcosm ic  salt  green.    When  boiled  with  diiitted  sulphuric 
teid.  to  which  a  little  alcohol  or  sugar  has  been  added,  they  are 
dec'omposed ,  and  the  ehromie  acid  is  reduced  to  tlie  green  oxide 
ufchri'iuium,  which  is  dissolved  by  tlic  snlivhuric  acid,  and  is  pre- 
cipitated with  its  characteri-itic  colour  on  addiuf^f  an  excess  of 
uniiiotiia.    An  alcoholic  tincture  of  gnaiacum,  1  ol  resin  to  100  of 
*pirit,  is  turned  bine  by  a  very  ininute  trace  of  free  chromic  acid 
j  (1  tnillionth  part,  Sehiii'),  but  tlie  colour  speedily  disapjiears  ;  an 
I  Wcessof  suljmuric  acid  favours  the  reaction,  whicli,  thougli  exceed- 
'iglv  (lolicate,  is  nut  clianicteristic.     Most  nf  the  ehroinates  nro 
8trr»iinr|y  coloured.    Many  of  them  are  insnlublein  water,  but  they 
"/^  nearly  all  readily  dissolved  by  »li!iited  nitric  acid.     Tlicir  sohi- 
ti<»nsjrivert  yellow  precipitate  with  salts  of  lead,  a  red  with  ;»7/*«/<3 
'■f  silver,  and  aji  orange  with  basic mercarous nitrate:  these  preci- 
P'tates  are  soluble  in  nitric  acid,  but  not  in  acetic  acid.     When 
"eated  with  oil  of  vitriol  the  clnvimates  evolve  oxygen  :  with  hydro- 
'"h'rioacid  they  evolve  cliloriue.     In  both  cases  salts  of  the  green 
^.'(iti  of  chromium  are  formed.* 

orkmen  engagod  in  thv  numufitcture  of  anbjdro-chromatQ  of  potagaium 
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(79fi)  Extlmailon  of  Chromiuniy  and  Separation/'""^  ^'-" 
lies  and  Alkaline  Earths. — Chromium  may  be  iii 
estimated  iu  the  f<tnn  of  sesfjnioxide.     It  mar  tc 
to  this  condition,  even  if  it  exist  in  solution  iu  tl»c  i 
mate,  by  acidulating  with  hydrochloric  acid,  and  ' 
current  of  sulnhuretted  hydrogen:  tlie  liijuid  must  i. 
and  on  the  auditioo  of  ammonia  to  the  hot  solution  tiie  i»xi 
chromium  is  prt'cipitated.     It  is  to  be  well  waaliM,  mi. I 
in  a  covered  platinum  crucible  ;  lOO  parts  of  the  aii 
contain  68"fiS  of  chromium.     The  prcijencc  of  acetic  .i.  m  imctco 
the  precipitation  of  chromic  <»xiflc  from  it6  oolutions  by  tne  odd 
tion  of  ammonia,  even  after  long  boilinc;. 

The  sejMzrafxjn  of  chfomium  from  tfw  mfifnl*  of  th^  <'^rfh*, 
and  from,  zinc,  cailmium.,  cobalt^  nick^,  and  >>■■  ~ 

by  tusing  the  miueral,  or  the  precipitate  ohhi 
from    itii  solution  in  an  acid,  with  a  mixture  of  carhor 
potassium  and  nitre ;  the  chromiiun    is   thus  converted 
soluble  chromate,  from  wliich  the  elu*omitini  may  Iw  pr««i[ 
as  directed  in  the  foregoing  |iaragraph,  whiUt  tlie  eartJu 
other  metals  remain  in  the  insoluble  portion,  either  iu 
of  oxides  or  of  carbonates. 


§  VI.  Manganese:  tfn=55,  or  Mn=27-5.    Sj>.  Gr.  8-018.J 

(797)  The  ores  of  this  metal  are  tolerably  sbundnTit.  nn*! 
enters,  in  greater  or  less  quantity,  into  the  compos 
number  ot  minerals,  so  that  it  is  widely  diffused  tu 
mineral  kingdom.     The  most  important  and  valuable  ore  fi> 
gauese  is  the  black  oxide,  which  occurs  either  mast>i\  e  or  in  ra 
crystals. 

Manganese  was  first  recognised  as  a  distinct  metal  by  (ij 
in  1774.     It  is  reduced  to  the  metallic  state  with  ditficulty. 
best  method  consists  in  mixing  the  carbonate  into  a  past 
oil  and  sugar,  and  introducing  it  into  a  eniciblc  linod  with^ 
coal,  furnished  with  a  cover  mted  on:  it  m\ist  at  *  \\\ 

gently,  to  expel  tlie  volatile  matters,  and  then  ign 
for  a  couple  of  hours  in  the  heat  of  a  fonjfe.     It  may  thu?^  l»c  «i| 
taincfl  in  the  form  of  a  metallic  globule  which  contains  a  v« 
quantity  of  carljon ;  the  carbon  may  be  removed  by  fusil 
metal  a  second  time  in  a  porcelain  crucible  with  a  II;  ' 
of  manganese.     A  solution  of  cliloride  of  maui^ari 
platee  oTthe  reduced  njetal  wlion  subjected  to  ■ 

Manganese  Li  of  a  greyish-white  colour,  ;r 
bani  enough  to  scratch  steel  ;  it  is  very  feebly  magnetic.     Hy 
posure  to  the  air,  it  speedily  becomes  oxidated ;  it  dccot 
water  slowly  at  ordinary  temperature*,  and  should  be  pr 
either  in  sealed  tubes  or  under  naphtlia. 
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■iTiese  enters  into  combination  with  both  carbon  and 
:con  when  fused  with  them  ;  the  uarhide,  when  treated  with 
eidii,  leaves  part  of  the  carbon  ae  a  black  powder  :  the  compound 
if  manganese  with  silicon  is  decomposed  with  difficnlty  even  by 
itjUH  ref;ia,  in  which  case  it  leaves  a  residue  of  silica. 

Metallic  manganese  ia  not  employed  as  such  in  the  arte.  It 
lields  various  allovs.  but  none  of  them  are  of  practical  importance, 
rith  the  exception  of  it.s  combination  with  iron,  which  is  liarder 
ind  more  elastic  than  iron  alone.  The  chief  uses  of  the  com- 
wnnds  of  manganese  are  chemical,  the  peroxide  being  extensively 
anployed  to  decompose  muriatic  acid  and  fnrni.sh  chlorine.  It 
Bkewise  supplies  the  chemist  with  his  cheapest  source  of  oxygen, 
Ittd  is  employed  as  a  cttlouring  material  in  the  manufacture  oi 

(■  and  enamels.  It  is  ako  ut^'Cd  &&  &  flux  in  tlie  prejiaratimi  of 
leteel ;  and  it  furnishes  a  useful  mordant  to  the  calico-printer, 
fe  preci]>itated  in  the  form  of  lirown  hydrate  upon  the  libre. 
^9S)  Oxiiiiw  OF  Maxoanese. — Manfjanese  forms  several  co«i- 
ands  with  oxygen.  The  protoxide,  MriO,  is  a  powerful  base  ; 
the  6<Srf|uioxide,  Mn^O,,  is  feebly  ba.sic ;  the  red  o.Kide,  a  compound 
of  these  two,  MnO,Mu,0„  is  quite  indifferent  to  the  action  of 
icitls;  so  also  is  the  deutoxide  or  black  oxide,  MnO, :  but  the  two 
higher  oxides  have  well-marked  acid  characters.  The  general 
fomuila  for  the  saltj?  of  manganic  acid  is  M',MnO,,  and  for  those 
of  permanganic  acid  M'MnO,.  Xeither  of  these  acid  oxides,  how- 
ever, I'an  be  obtained  except  in  combination  with  water  or  with  a 
i^aJlic  oxide. 

J^Blie protoxide  or  manganmis  <m<:?<?(Mn0='rl,  orMnO  =  35*5) 
pi^  he  obtained  easily  by  igniting  carbonate  tif  manganese,  or 
MTof  the  higher  oxides  of  tne  metal,  in  a  current  of  hydrogen  ; 
It  is  of  an  olive-green  colour,  and  unh'ss  it  has  been  strongly 
heated,  absorbs  oxygen  from  tlie  air ;  if  ignited  in  the  air  it  burns, 
8nd  is  converted  into  a  brown  superior  oxide.  It  may  be  ob- 
teinwl  as  a  white  hydrate  (MnO,II,0),  by  decocnposing  a  salt  of 
roftngftiiese  by  any  alkali,  but  it  immediately  begins  to  absorb 
I  oxygen  from  the  air,  and  turns  brown.  It  is  soluble  in  ammonia, 
specially  if  the  solution  contain  an  ammoniacal  salt.  The  prt>t- 
oxitle,  by  its  action  upon  aeida,  readily  forms  salts,  which  are  of  a 
P»le  rose  colour;  thev  are  neutral  to  litmus. 

_%.«Wi'f/t^    (Mn,e,=  15S.  or  Mn,0,=79);   Sp.   Gr.  4-82.— 
This  oxide  is  found  in  its  anhydrous  form  in  acute  ssjuare-based 
octoLedra,  constituting  hraunite:  it  occurs  naturally  in  a  hydrntod 
*t8te  in  manyanite  (Mn,O,,Il,0 ;    sj).  gr.  4"35),  which    is  of  a 
hlackisL-brown  colour,  and  forms  brilliant  right  rhombic  prismatic 
Jrystala.     The  sesquioxide  of  manganese  may  be  obtained  as  a 
•"^JHTi  hydrate,  by  passing  chlorine  through  mangauous  carbo- 
nate suspended  in  water,  and  nfterwards  renioving  the  excew*  of 
'v^  carbonate  by  means  of  diluted  nitric  acid.     Sulphuric  acid 
^JSsolves  it  slowly  if  a  portion  fif  the  protoxide  be  jiresont,  and  a 
^^l>-red  solution  is  formed  :  hydroeliloric  acid  in  tlie  cold  also 
lunnfi  g  soluble  compound  with  it :  if  these  solutions  be  heated 
are  decomposed,  and  a  manganoiis  salt  ia  the  result.     When 


544 


BINdXIDK,    nEUTOXmE,   OR   PEBOXniE 


'  ^'JAXKSB. 


ignitcfi,  tlie  sesmiioxide  loses  one-eighth  of  iri- 
tue  red  oxide.     Tlic  Biilth  of  the6es(|iii«xidc  art  \\ 

tlioso  oi'  ftliimiTui  and  I'e.sqiiioxide  of  iron.     It  ujUK-ai"  t<<  U 
8es<jnioxidc  <>f  nmiiganeso  tliut  in)j)iirts  the  violet  ci<lour  tu  ela 
to  which  the  bhick  oxide  hiig  been  added  ;  and  the  colonr  of  1 
aincthvst  is  al&o  said  to  be  due  to  this  oxide. 

Bi/Mxide,   fient^wld^,     or   peroxide   (Mn0,MnO,  =  174,  or 
MnO,=i43-5J ;  ^.  fi^r.  4-94:    brmp.   in   WO  jhtrts,  ^-     • '    " 
O,  8(!-7S. — This  oxide  is  the  black  iiian2;rtne:ie  of  cornmei 
jiuro/uslU'  of  luinenilugists  ;  it  is  found  in  steel-^irey  rhoiui 
f'i^U<)>nfla»i>  is  a  bla<:;k  stalaotitic  or  anioriihotirt  variety  : 
mixed  vritli  one  of   the  lower  oxiflea  of^  the  inetMl.      JV* 
(MiijO,,  2  if nO,,H,0 ;  sp.  gr.  4'53)  is  the  name  j^iven  f<< 
lainelliited  crystalline  hydrate,  found  by  Phillips  at  IT 
Warwickshire.      Wad  is  also  a  hydratetl  peroxicle  of  xi 
■witli  a  variable  amount  of  water;  it  is  m  a  less  com 
tlibn  psilomclane,  and  is  of  a  brown  colour.     Small  qti 
cobalt  and  of  the  carbonates  and  iiitrates  of  the  met 
earths  are  frequent  constituents  of  tliose  ores. 

Binoxide  of  manganese  is  a  eooil  conductor  of  electricity. 
is  strongly  electro-negative  in  the  voltaic  circuit.     Wiien  mixe 
with  aculs  it  furnishes  a  valuable  oxidizing  ajjont.     When  ij^nitc 
it  pi  ves  off  one-third  of  its  oxygon,  and  the  red  oxide  is  letl ;  3  3£nf 
=Mn,0,-f-O, :  if  heated  with  concentrated  enliihuricnci' 
oxygen  escapes,  and  manganous  sulphate  is  formed  ;  :.' 
2  tCSO.=2  MnSe.-f2  H^O-f  O,.     With  hydrwhloric  at  id  ciii.i; 
rine  is  almndantly  evolved,  and  iiuinganous  eldoride  is  Iff^,     Nttrt 
acid  ha5  but  little  etfect  upon  it.     ninoxide  of  nww 
cured  in  a  Inxlratcd  form  j»s  a  roddish-brown  powder 
when  nianijanate  or  permanganateof  potaBsium  is  <1. 
an  acid.     When  the  red  oxide  is  treated  with  nitric  uvii,  .i 
hydrate  of  the  peroxide  is  left,  containing  4  Mn<:)„TL,0. 
eame  hydrate  is  probaldy  fornied  on  adding  a  soliitiou  nf 
of  lime  to  a  neutral  solution  of  sulphate  or  chlovidf  of  m 

(709)   Commer^'iitl  Asmy  of  Oxid^  of  }! 
mercial  value  of  black  oxide  of  iiurngmiese  ■; 
portion  of  chlorine  which  a  given  weight  of  it  will  liberate  wlie 
it  is  heated  with  hydi'ochloric  acid.     This  quantity  of  chlor 
varies  much  in  different  samples,  and  is  dependent  upon  th<j  _ 
portion  of  oxygen  which  the  oxide  of  manganese  contains  in  »»xe 
of  that  which  is  necessary  to  its  existence  as  protoxide,     A  •■>oai 
nicnt  method  of  estimating  this  excess  nf  oxygen  is  \- 
the  circumstance  that  the  nIaeW  oxide  of  manganese  i- 
in  the  presence  of  oxalic  acid  and  free  sulphuric  acid  ;  man. 
sulphate  is  formed,  and  all  the  excess  of  o.xygen  remu 
oxalic  acid,  and  converts  it  into  carl)onic  anhydride . 
off  with  effervescence.     If  the  mixture  be  weighed  i 
composition  is  effected,  and  again  after  it  has  bt-en  c 
loss  will  indicate  the  amoMiU  nfcarbunicanl 
the  availnblc  amotmt  of  oxvgen  is  readily  cal 
ntaj  be  traced  thus :  Mn€>, + H.SO. -f  6,e,<->. = M  nSO,  -r 
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,0.  Esflh  equivalent  of  peroxide  of  manganese  gives  2  egiii- 
snte,  or  almost  exactlv  its  own  weight,  of  carbonic  anliydrule. 
jTlie  a[»partttii8  of  Will  and  Freseuius  (fig.  332,  p.  350)  iij  well 
3t«d  to  tJie  perfonnance  of  this  experiment ;  50  grains  of  the 
le  uf  manganese  to  he  tested,  are  reducetl  to  an  extremely  fine 
jder,  and  mixed  with  75  grains  of  oxalic  acid ;  the  mixture  is 
"  in  the  fiask  a,  and  about  IJ-  ounce  of  water  is  added ;  tlio 
erinjent  is  then  proceeded  with  exactly  as  in  the  method  al- 
ly de«<!ribed  for  eiitimating  carbonic  anhydride  in  a  carbonate 
^8).  The  decomposition  t»f  tlie  ore  ii<  known  to  be  complete  a£ 
as  all  the  blaclc  particles  have  di3apj>eared. 
If  tlie  sample  of  oxide  of  niangauese  contain  a  carbonate  of  any 
jlLe  eartlifi,  as  may  be  readily  ascertained  by  the  effervescence 
Tell  will  be  occasioned  on  moistening  a  jwrtion  of  tlie  oxide  with 
Bted  nitric  acid,  it  will  be  necessary  to  remove  this  cai-bonate. 
us  is  eajiily  done  by  wa*ihing  tlie  weiglied  pjrtion  in  the  flask 
dl'with  nitric  acid  diluted  with  fruui  10  to  20  parts  of  water; 
on  as  the  eti'ervescence  hfis  ceasfd,  the  acid  liquid  must  be 
tfully  poured  oft',  and  the  tlask  tilled  up  once  or  twice  with  dis- 
pd  water;  the  oxide  mur^t  be  allowed  t^  subside :  in  order  to 
any  eui^pended  particles,  thewaj^hings  may  be  thrown  upon 
aalJ  filter,  which  is  afterwards  introduced  into  the  flask,  and 
t  experiment  is  then  ])roceeded  with  as  usual. 
The  Jied  Oride  (Mn,e,=229,  or  MnO.Mn,0,= 114-5) ;  Comp. 
ilOOyxtr/*,  Mn,  727;  O,  27"3. — This  oxide  correspifnds  to  the 
bl«ck  oxide  of  iron  ;  it  is  formed  by  igniting  any  of  tiie  oxides  of 
mangnnese  in  the  open  air :  it  occurs  native  in  }uiU4fmaimiU,  {sp. 

El".  4  72)  either  massive  or  in  four-sided  pyramidal  crystals  of^a 
l«ck  colour.     The  oxide  is  soluble  in  phof^jjhoric  and  in  sulphuric 
icid,  but  does  not  form  definite  salts  with  either  of  them. 

jSUO)  Mantjwnic  Acid  (H.MuO.  =  121 ;  or  IIO,MiiO,  =  9  -|- 
51"5). — When  equal  weights  of  caustic  potash  and  finely  levigated 
pemxide  of  manganese  are  fused  together,  a  substance  is  formed, 
»liich,  when  dissolved  in  a  small  quantity  of  water,  has  a  green 
colour,  but  which,  when  largely  diluted,  V>econies  purple,  and  ulti- 
mately claret-coloured,  whilst  a  precipitate  of  hydrated  biuoxide 
<»f  riuuiganese  is  deposited.  This  substance  has,  owing  to  these 
outttifres  of  colour,  been  long  known  under  the  name  of  inimral 
f^iomtleon.  The  colouring  material  is  mangaiiate  of  potassium, 
'Hiidi  has  a  green  colour  :  it  is  an  unstable  compound,  and  readily 
^'thor  parts  with  oxygen,  or  absorbs  a  larger  amount  of  it,  in  the 
tatter  case  forming  a  red  compound  ;  and  hence  these  changes  of 
"ttir  are  produced. 

*'anganic  acid  undergoes  rapid  spontaneous  decomposition 
3  it  be  in  combination  with  some  powerful  basyl.  A  tolerably 
-Je  manganate  may  be  procured  by  heating  finely  powdered 
'^Toxide  of  manganese  with  its  own  weight  of  hydrate  of  ^wtash, 
'  s<^>da,  or  of  bar^-ta.  Bechamp  heats  an  intimate  mixture  of  10 
'^•"tg  of  finely  powdered  black  oxide  of  manganese  with  12  of 
.^'dnite  of  iHjtash,  dries  it  in  an  iron  dish,  and  lieats  the  porous 
^  ilue  to  dull  redness  in  an  earthen  retort,  into  the  tubulure  of 
Si 
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wliich  a  green  glaaa  tube  is  lated ;  he  then  triinsmita  a  ct 
of  pure  dry  oxygen  as  long  as  it  ia  ftbsorlnjd.     If  thu  green  nt 
thus  obtained  be  treated  with  a  small  quantity  of  cold  wat^v^ 
i>ftrtially  dissolved,  forming   a  green  s«ilutit»n.  from"  whi< 
nianganate  of  the  metal  mav  l>e  <  i 
vacvw  over  eulpliuric  acid.     The*! 
the  corrasprtiidnig  sulphates  and  chrnnititfs.     a\l 
Bium   (K.MnO,)   is   anhydrous,   and    readily    - 
Manganate  of  sodium  i«  prepared  on  a  large  s<^ale  by  Mr.  <-nnd| 
by  heating  a  mixture  ot  caustic  soda  and  finely  powdered  — 
or  manganese,  to  a  dull  red  heat  in  Bhallow  vessels,  for  48  '' 
1  cwt.  of  oxide  of  manganese  are  mixed  with  the  alkali  ol 
from    1^  tou  of  soda-ash.     Manganic  acid  has  a  very 
colouring  pnwer:  this  fact  enables  manganese  in  very 
quantityto  be  detected  before  the  blowj)ipe ;  the  materia 
posed  to  contain  it  is  ftised  upon  platinum  foil  witli  a  lit' 
Donate  of  potassium  or  of  sodium  ;  if  any  tra^^e  of  mangiu 
present,  a  green  colour  is  imparted  to  the  fused  mass. 

The  m^fingav-aief  are  very  unstable;  they  arc  deconiT 
boiling   their  solutions.      A  small    quantity   of  any 
changes  the  colour  of  their  solutions  from  preen  to  red,  owi 
the  formation  of  a  permanganate,  and  of  a  tnanganous  salt : 
for  instance,  5  K.ifnO.  +  i  H,Sf->..  gives  4  KMnO.  -f-  i 
-f  3  I{^SO,  +  4  H,0.     Oro;anic  matter  also  rea<lilv  abstracts  o: 
gen  from  them  ;  their  solutions  must  not  even  be  faltered  th 
paper.     In  the  solid  form  they  are  readily'  dexMiupiisfd  by  elev 
tion  of  temperatnre,  and  oxygen  is  evolved ;  an  excels  of 
renders  the  salt  more  stable.     Sulphurous  and  hyi      '        ' 
acids  readily,  and  phosphorous  acici  more  slowly,  fi  ^ 

ganates  to  a  manganous  salt ;  sulphurona  acid  and  LuwJiganate  Oi 
potassium,  for  example,  produce  the  following  ri'sult: — 

K.MnO.  -h  2  H,Se,  =  MnSO.  +  K.SO.  +  9  H^O. 

(801)  Permantjanic.  Acid  (HMnO,,  or  HO,Mii,0,  =  120).- 
If  a  soluticm  of  manganate  of  potassium  be  larsely  di'r-'-  '  -- 
water,  the  colour  changes  from  green  to  violet ;  tlio  nmn 
passes  tit  a  higher  state  of  oxidation,  and  permanganate  oi  put 
slum  is  formed. 

ThiB  salt  may  be  prepared  by  mixing  intiraut. 
finely  i>owdere<l  peroxide  of  manganese  with  3J  pm 
of  potassium  ;   5  ]>artfl  of  hydrate  »>f  uotash  arc 

Bmail  quantity  of  water,  and  added  to  tu©  mixture,  , 

and  reduced  to  powder,  and  then  heated  to  dull  redi 
hour  in  an  earthen  cnieible  (Gregory).     When  cold,  tlic  imi 
treated  with  water,  and  tiltereil  throngh  a  funnel  plneired 
asbestos  ;  the  solution,  after  being  neutralized  \v 
on  evaporation  yields  beautifid  red  acicular  i^ 
ganate  of  potassinm  (KMnO,.  or  KO,Mn,( ),=  I .">">).     It'  a  i 
of  manganate,  prepai-ed  by  B6charap's  pr<..M  ■,.  Ii.  .1.  i  ..niti.i 
transmitting  a  cujTcnt  of  carbonic  acid  un- 
beea  converted  into  J-ed,  very  fine  crystii; 
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uhtained  on  evaporating  the  clear  liquid  after  dernnfattoTi 
ni  tlie  jirecipitated  oxide  of  nianpanese.  The  crvBtals  of 
|ie  permanganate  Jire  i^olllor[>llou!?  with  those  of  perchlorate  of 
jotasiBiuni;  they  require  about  16  parts  of  cold  water  for  6olu- 

[    Perm aiigan ate  of  potas&ium  ie  in  certain  cases  a  useful  oxidiz- 
pg  figent ;  it  may  be  employed  to  detect  the  occurrence  of  sul- 
kbaruuB  aciil  in  solution  in  sulpliuric  or  hydrochloric  acid  ;  sul- 
ihnrous  acid  quickly  deoxidize:*  it,  and  destroys  its  colour  if  ]>re- 
fent.     Neutral  eolutioni?  of  the  sulphide!:  and  tlie  pentatliionatea 
[oicklv  discharge  the  colour  of  a  sidution  of  perainiiganate  of 
lotassium,  and  a  similar  effect  is  jiroduced  by  acid  solutions  of 
be  sulphites,  hyix>t»ulphites,  tetrathionates,  sulphocyanides,  and 
litrites.      Tlie  trithiitnates  pnxluce  tlie  saiue  cflii'ct,  but  more 
Jowly,     Acidulated  solutions  of  the  iiiercurous,  ferrous,  stannous, 
Ind  antimonious  salts,  and  acid  solutious  of  arseuious  a<,'id,  like- 
iirise  decolorize  a  eolution  of  pcniunignnate  rapidly,     A  solution 
^f  this  suit  eonstitntes  a  test-liipiid  which  may  be  yery  nsetnlly 
Bmployed  in  many  cases  of  volumetric  analysis,  as  already  exem- 
in  tlie  bistance  of  the  ores  of  iron  (77S). 
e  permanganates  are  much  more  Bta])le  than  the  manga- 
their  solutions  may  lie  boiled  %vitli(iut  undergoing  decom- 
iposition.     Organic  matter,  however,  coiiibines  with  a  ]iiirt  of  the 
^■sen  contamed  in  the  acid,  and  reduces  it  rii-st  to  manganic 
jBTand  then  to  the  binoxide  of  the  metal,  which  is  pivcijiitated 
inflocculi  as  a  hy<lrate  :  their  solutions,  therefore,  must  not  be  til- 
lered through  paper,  but  through  a  funnel  loosely  plugged  with 
asbestos.     When  ignited,  oxygen  ie  given  off,  and  rinuiiigaiiate  is 
diiced.  which,  if  the  heat  be  too  great,  is  in  turn  decuniitosed 
a  further  extrication  of  oxygen.     Most  of  the  permanganutes 
freely  soluble  in  water;  the  permanganate  of  silver  is  the 
k*«t  w>luble  of  these  salts.     If  concentrated  solutions  iif  j>eniiaii- 
pinHteof  pot;is.siuni  and  nitrate  of  silver  be  mixed  togetlier,  a  red 
metalline  permanganate  of  silver  is  deposited.     It  may  be  em- 
iJoved  for  the  preparation  of  the  other  permanganates;  if  it  lie 
it^iptcd  with  water,  and  mixed  with  a  solution  of  the  chloride 
^f  the  metal  of  which  tlie  pennanganate  is  reqnired,  double  de- 
j  oomjiosition  occurs,  and  chloride  of  silver  is  formed,  whilst  the 
I  flepired  j>ermanganate  is  obtained  in  solution,.     In  this  way  the 
I  pemianganate  of  barium  may  lie  procured,  and  from  it  the  jxo"- 
•^'Wiganic  acid  may  be  obtained  in  scdution,  by  the  cautious  addi- 
tion of  diluted  sulphuric  acid,  so  long  as  any  precipitate  is  pro- 
unc6d :  on  evaporation  it  may  be  obtained  as  a  brown  partiallj 
''O'&talllne  inas«,  which  is  very  soluble  in  water :  its  eolution  is 
««.'oniposed  by  mere  elevation  of  temperature  ;  at  a  little  beyond 
100°  F.  hydrated  peroxide  of  manganese  is  deposited,  and  oxy- 

■eas  escapes, 
-ondy  has  employed  solutions  of  manganate,  and  of  per- 
ganate  of  potassium,  as  disinfecting  agents,  for  which  purpose 
i^Wgr  are  admirably  adapted ;   the  organic  matter  is  rapidly  and 
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no  crirroeivo  action,  eolutionB  of  thee«  oalta  fona  riUtUiMe 
ajiplicatioiis  to  tu'tid  eores. 

(802)  Prvtmulph'idfj  of  maTtgan*>Me  (MuS^H,0)  w  obtaiot 
as  a  yellowiijli-rocr  hydrate,  by  prpuipitatiutf   a   in;"' 
by  sulphifle  of  aiixnumimn.     The  presence  ottrac**; 
i»r  nk'Kel  renders  it  black:  it  hpeetlily  bec<»rni.«  oxi 
sure  to  the  air.     A  cryotuUiue  hul}>liide  may  Ik3  ul»t 
rhombic  prisiiiA,  bv  heating  the  bydrattd  eegquioxid- 
of  bisulphide  of  carbon.      A  native  sulphide  of 
occaftionHlly  met  with,  as  nuimjanene  iJenr/^,  of  a  brownir-b 
or  Bteel-^rey  colour,  and  feeble  inetalLic  lustre.      The 
phides  of  manganeee  have  not  been  accurately  exaraintid. 

(S03)  CHLOBroEs  OF  Manoanebk. — Two  chlorides*  aftiuiimc 
may  be  obtained :  manganuu6  chloride,  MnCl„  and  manganic  ck 
ride,  Mii,Cl,. 

MamjanoiM  ChJonde  (MnCl„4  H,0=12fi+72),  or  PryttocJih- 
ridi'ofJf<in/ja7iese{MnV\A  A(i  —  i)3  +  'd*'>);Sp.  Gr.  201. — Tliiswh- 
i^tanue  iu  ubtuined  abundantly  as  a  wast«  ]>roduct  in  tlw  prvpjir 
tion  of  chlorine,  by  acting  on  the  black  oxide  of  the  tnetAl : 
chlorine  escapes,  and  the  chloride  of  manganette  is  diasolved.* 
tliisi  Bolution  be  evaporated  to  dryne.*«,  rwlissoU'ed  in  water, 
alxiut  one-fourth  of  its  bulk  be  precipit:      ''  ; 

of  sodium,  an  impure  earbfvnat*  ot  n  in^d. 

thiti  precipitate,  utter  it  hag  been  well  wikHlnsl.  in  1^  t| 

remainder  of  the  solution,  the  whole  of  the  iron  Mill  I  h  jij 

in  the  form  of  peroxide,  while  oxide  of  manganese  takes  itaj 
and  curlMinic  anhydride  is  expelled,  leaving  a  dilution  .it"  .-fj; 
of  manganese  freed  from  all  metallic  imjturities  ex< 
nickel.     A  still  Ijetter  pnx-ess  oonnist*  in  concentraiiuL;  :i 
of  the  crude  chloride  by  cvuporation,  to  exjHjl  the  cxcci» 
and  afterwards  diluting  with  wati^r.     A  cun-eut  of  Hiil{ihnr 
hydrogen  is  transmitted,  by  which  the  iron  is  rt>duce<l  to  the* 
(^f  feiTous  salt ;  the  uianganese  nuiy  then  l>e  obtained  free;  fn  p 
nickel,  and  cobalt  by  HUbpending  frefthly  precipitated  Hnlpli 
mangatiese  in  water,  and  adding  it  to  tbo  liquid  as  long  as 

*  VariooB  attempts  hove  been  made  to  eccnoniJac  the  vut  qtsujtltlc^  of  c 
of  iiian^ruiefle  formed  during  the  manuftictiire  of  fhlr>H>!'>  of    !lmo.      The 
•acoeM(\il  ii  one  employed  by  Mr.  Duiilnp.     It  cv. 
pwe  M  carbonate,  and  roosiinjf  tlie  carhooato  at  . 
crade  acid  solutiou  of  tlie  uliloriflo  i»  truatvj  wilii 
uirt  only  Ui  nc-utmliae  the  ox(v«8  of  ncid,  Ixit  '■ 
iiie.     The  clcvir  liqaid  \s  then  puiu|M«l  up  into  n 
portiou  of  cliiiJk  jii8t  EiifTicnoj)t  to  pn-cipitati'  the  i 
tHiing  carcl'ully  nvouiod.     The  mixture  i-i  hrnied 
Ilinititiiined  1'cir  iilxjtil  'ii  hours  untlf.T  ;>  ' 
thoiii-  iMrrniiiiaUilki'Cii  eiirhuiiflt4!<  of  luiu. 
foriiii'il  iti  iht'  lii|iiid.       Tht'  KoUilinn 
Wiinlii.'d,  pri'RMud,  mid  pjtrliuUy  dried, 
sliot'l-imii  (vihoa  on  nliocls  int,.  I;ir-.'r  x 
800   :  throuith  those  it  cuf 
to  jrif!(<  from  tlif  i-ooler  to  t 
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portion?  of  sulphide  Income  blackeneil ;  the  manganese  dis- 
place:*  the  other  metals  from  their  solution,  and  they  are  precipi- 
tated iw  hlaek  hydrnted  buljihides  :  for  example,  Pe( !!,  +  MnS,j'H,0 
=  MnCl,4-FeS.jII,0.  On  evaporation  the  ehloride  of  luanpinese 
crvBtalUxefl  in  a  tabular  form  iinth  4  U,0.  It  is  of  a  delicate  pink 
oojonr  and  alightlj  deliqnescent ;  by  heat  an  anhydrons  chloride 
mny  be  procured,  which  is  soluble  in  alcohol;  from  tin's  solution 
it  crvistHlUzea  with  4  atoms  of  alcohol  (MnCl„4€',H,0). 

2Ia)uj<tnic  chloride  (Mii,(T],)  may  be  obtained  in  isolution  by 
acting  on  the  sesquioxide  of  manpmese  with  ct)ld  hydror-lihmc 
acid  :  it  is  of  a  djirk  brown  colour :  it  must  be  concentnite*!  by 
eraporation  in-  vacuo.  It  is  converted  by  heat  into  2  MnCl,  +  CV 
An  oaycJiloride  (tlie  ^)erc/</or?V/e,  Jtii,C1,  ?  of  Dnnias)  is  ob- 
tained by  disaolving  permanganate  of  potassium  in  oil  of  vitriol 
sod  adding  fuse<i  chloride  of  sodium,  in  small  portions  at  a  time : 
it  is  a  greenish-yellow  gas,  which  condenses  at  iC^  F.  to  a  greenish- 
brown  liquid.  The  fumes  in  a  moist  air  assume  a  pnrpTe  colour 
from  the  formation  of  pennanganic  acid:  water  decomposes  it 
instantly,  forming  a  reil  solution  of  permanganic  and  hydrtv 
chlorlc  acids.  It  is  probable  that  this  compound  is  an  oxy- 
cliloride  of  the  metal,  somewhat  analogous  to  chlortx-hromic 
•cid  (789). 

Fluorideg  of  manganese,  corresponding  to  each  of  these  chlo- 
rides, have  been  formed. 

(8r>4}  St-Li'HATE  OF  Maxoanese  (MuSO,,  5  H,0  =  151  -f-  90. 
tirMnO,S()„  5  Aq=75*5-|-45)  is  obtained  for  the  use  of  the  cal- 
ico-printer, by  digesting  the  binoxide  in  diluted  snlpliurie  acid, 
iu  order  to  remove  the  carbonates,  then  heating  the  oxide  with 
oil  of  ritriol,  evaporating  t«j  dryness,  and  gently  igniting  the 
rwidne  f«  decompose  the  suli>hatc  of  iron,  which  docs  in  it  resist 
^1  liifjh  a  temperature  as  the  sulphate  of  manganese.     On  digest- 
ini;  flie  mass,  after  it  has  become  cool,  in  Mater,  the  sul[«?Kite  of 
iiiese  is  dissolved,  and  may  l>e  obtained  in  crystals  by  eva- 
'II :  it  crystiillizes  below  42°   with   7  II^O  in  efflorescent 
prinriis ;  Ijetween  45"  and  (38°  with  5  H,0 ;   and  between  (i8°  and 
"t^"  with  4  II,0  (Brandes).     It  forms  a  double  salt  with  sulphate 
of  [Kitaasium  (MnSO„K,SO„6  U.O),  whicli  is  isomorphous  with 
the  Corresponding  double  sulphate  of  magnesium. 

Tht?  manganic  sulphate  cannot  be  obtained  in  crystals,  but  it 
^»«  obtained  by  Mits<'lierlich  conibined  with  sulphate  of  pntas- 
siurn  mstalliztxl  in  octolu><lra  (KMri'"  2  SO.  .  12  II,0),  and  cor- 
'ssi'onding  in  f<irm  and  com]>ositiun  witti  connuoii  aluni. 

(WI5)  Uakbonate  ok  MANGANf:sK  (MnOO,  =  lift,  or  MnO, 
"^,=57'5). — The  anhydrons  carlionate  fonns  the  native  manya- 
f^  ftpar,  and  fretjuently  at'companies  spathic  iron:  the  artificial 
Cirbonate  may  he  obtained  as  a  wliite  hy<]rate  (2  Mn€^,,II,0) 
;"i  prwipitatingthe  chloride  by  a  carbonate  of  one  of  the  alkalies : 
't  Wofiiea  brownish  by  drying. 

(S(W;i)  Characters  of  thk  Sai.i«  of  Maxoasese. — The  salts 
loriued  from  the  protoxide  are  the  only  salts  of  njanganese  of  im- 
portmee:  they  are  of  a  delicate  rose  colour,  and  have  an  astrin 


550 


TESTS   FOR  iiASOAXS&i^ 


gent  taste.     "With  tlie  hydrates  of  potash  aud  «oJa  their  fioli 
yield  a  white  precipitate  of  hydrated  pix)tuxide,  which  *b*ijr 
oxygen  Ya]>idly,  and  becomes  brown  by  exponare   to  <h©j 
Aiiinwnhi  gives  u  feiuiilar  preciy>itate,  whieh  is  soluble  in 
of  the  iiiiimunirtcal  liquid,  especially  when  i; 
ammunium ;  the  solution  abs»trbij  oxygen  q.. 
brown  livdrate<l  prutosesquiuxidu  uf  luangune&e.     1 
of  tfie  atkali-inetaU  cive  a  white  iu*ecii>itate  of  earb- 
ganese,  soluble  in  chloride  of  ainnnjuium.     With  ««/• 
monium  a  eharaeteristie  flesh-colouretl  hvdrated  huI] 
^inese  is  formed,  which  is  readily  disRorved  by  hy<l 
by  nitric  acid ;  it  becomes  brown  by  exposure  to  air.      .^ 
reitcd  hijdrtitjen  <>;ives  nu  precipitate  in  the  8olutioti£.  «.»f  rnnn'. 
but  a  neutral  s(ilution  ot  acetate  of  nianiraiuse  iti  y. 
yiituteil  by  this  gas,      Fernx^yanUle  of p<.itnHifiuvi  iri 
Biiiutioiis  a  white  precipitate  soluble  m  acids;  in 

ferriri/iinlde  of  potaasiiim  produces  a  brown  p..    ., 

Crum  has  pointed  out  an  extremely  delicate  test  of  tlie  yx 
of  a  Halt  of  manganese,  provided  that  the  5<»lMtion  id  m* 
chlorides ;  the  iicpiid  must  he  mixed  with  diluted  nitric  acid,  atnl 
a  Uttle  peroxide  of  lead  added :  on  boiling  the  mixture,  the  rtnl 
colour  of  permanganic  acid  is  produced  by  a  trace  of  mangane<4 
which  is  to«i  small  to  be  otherwise  recognised.  Sfforn  f/x  bl^nr- 
pipe,  when  fused  on  platinum  wire  or  foil,  with  a  little  carlxma 
of  sodium,  the  compttunds  of  manganese  give  a  very  cLaracterij 
tic  btuish-green  opatjue  bead  :  a  V>ea<i  of  bonix  or  oi  iuicn>ce«uiu 
salt  becomes  violet  in  the  oxidizing  tlame.  if  mangaitet^e  be  pr 
eat;  the  colour  «lisap]>ears  in  the  reducing  tlame. 

(807)  Ei<t!inatwn  of  Mangaiusc,  and  SeiHirat.iim  frmn  /A* 
Alhtfi'H. — Manganese  is  gcncntlly  estimates  in  ai 
form  of  the  red  oxide  of  nmngunese,  whicli  contains  • 
of  the  metal.  For  this  pHri)ose  it  is  precipitated  troni  a  boili; 
solution  of  it*  salts  by  carbonate  of  potaj^sitiui  or  of  sodium ;  lliS 
precipitated  carbonate  is  well  waslied  and  then  heatctl  to  re<JnK 
by  which  cai'bonic  anhydride  is  exffclled,  and  the  red  oxide 
produce<l  by  absorption  of  oxygen  from  the  air. 

SfpanUion  tf  Jfan^atu'jm  from  (h^  AlkaUtif.  luirijtja. — Th^ 
solution  must  bo  rendere<l  nearly  neutral,  and  suljihide  of  tur 
monium  a<lded,  which  precipitates  the  numganese  aa  sulnhidcj 
tlie  sulphide  must  then  be  redissolvetl  in  hytln>chloric  iK-I'V 
cipitated  by  carlxjuate  of  potassium,  and  the  manganese  i- 
atier  ignition,  as  red  oxide.      It  is  apt  however  to  retiim  - iim 
]M)rtions  of  the  eartlis  when  tiius  sepftrati«<l.       The  oxide  \u\i% 
therefore  be  sigain  redissolved  in  hydrochloric  acid ;  ohlorit 
aininoiiium  must  be  added,  and  then  a  mixture  of  amtnAnij 

rbonate  of  ammonium  in  excess,  by  wiiicli  llic  m;r 
be  held  in  solution  ;  and  if  strontium,  calcium,  or  b.i 
ent,    they  will  reiruiiu  undissolved  in  the  fonu  of  carlxinatt 
which  must  l»e  collecte<l  on  a  tilter,  weighed,  and  deductuJ 
the  weight  of  the  oxide  previously  obtained. 

SejHtruifim  from  Zinc^  Cadmium,  Cobalt^  and  JTldtd.—^ 


m. 
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fBliitioin  is  mixed  with  acetate  of  potassium  in  excess,  to  conyert 
Ae  metals  into  acetate,  then  sulphuretted  hydrogen  is  transmitted ; 
Ili»  manganese  remains  in  solution,  whilst  the  other  metals  are 
{nrapitated  as  sulphides  if  the  solution  is  only  faintly  acid.  If 
adminm  alone  is  present,  the  addition  of  acetate  of  potassium  is 
mnecesBary. 

SfmoixAon  from  Irony  Chronwrnn^  Urcmiwrn,  Aluminum, 
md  W/ueinitm. — ^This  is  readily  effected  after  converting  the  iron 
into  a  ferric  salt  and  diluting  the  solution  largely  with  water,  by 
d^estiDg  it  upon  finely  levigated  carbonate  of  banum.  Manganese 
■rate  remains  in  the  liquid,  the  other  oxides  being  displaced  by 
bnyta.  The  excess  of  barium  is  removed  by  sulphuric  acid,  and 
Ae  manganese  precipitated  by  carbonate  of  sodium. 

Manganese  is  connected  by  isomorphous  relations  with  a  great 
mtmber  of  the  elementary  bodies.  Its  protoxide  is  isomorpnous 
irith  the  oxides  of  the  magnesian  group  :  its  sesquioxide  is  isomor- 
^008  with  alumina  and  me  sesquioxides  of  iron  and  chromium. 
11)6  manganates  are  isomoiphous  with  the  sulphates,  and  the  per- 
mmganatea  with  the  perchlorates. 


CHAPTEE  XVn. 

OBOrP  VI.— OEBTAIN    MKTAL8  WHIOH  VOBM  AOIDB    WITH   OXYGEN. 


UMl 

STinboL 

Atomic 
veifiO. 

Atmnlo 

Tol. 

Bpeeiflo 
heat. 

Faihut- 
pt.F«. 

Spedflo 
gravity. 

Ileetrie 

oondDctMty 

at  820  jf_ 

jEa 

Sn 
Mo 

w 

As 
8b 
Bi 

118 

60 

96 

184 

137 

76 

122 

210 

16-20 

10-66 
10-56 

12-96 
1816 
21-34 

0-0562 

0-0334 

0-0814 
0-0508 
0-0808 

442 

1160 
607 

7-292 

8-62 
17-60 

6-969 

6-71 

9-799 

12-36 

4-76 
4-66 
1-246 

1  "RtMlnm 

lui^aten 

;  Vanadium 

(■"^wnio 

JAatmony 

[fiiimath 

,.  In  this  list  colnmbium  and  tantalum  are  omitted,  because  so 
"ttle  is  known  of  them.  The  foregoing  list  of  metals  capable  of 
^^Iding  acids  with  oxygen  is  divisible  into  three  natural  families, 
*'tich  have  little  in  common.     (See  pp.  9  and  292.) 

§  I.  Tin  :  Sn''=118,  or  Sn=59.  Sp.  Or.  7*292 ;  Fudng^nt, 

442°. 

I  (808)  This  beautiful  metal  is  one  of  those  which  have  been 
p  **gest  Known  to  man,  as  it  is  mentioned  in  the  Books  of  Moses. 
***,  however,  is  met  with  in  but  few  localities.  Its  only  ore  of 
^Portance  is  the  binoxide,  or  tin-stone,  which  occurs  crystallized 
*^  l^krisms  isomorphous  with  those  of  rutile.    It  is  usually  foxmd 
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h\  veinA,  ninnirig  tlirongh  primitive  rocks  of  porplirry,  pranite. 
flav-nlatc,  ati<l  is  generally  mingled  'with  the  !»>ilphi<ief  aixi  urs 
oidcB  of  iyn>i>er  and  iron,  and  freiniently  also  with  wolfran!.  The 
jnoiit  celebrated  tin  uunes  are  tuose  of  Cornwall,  which  were 
workerl  before  the  Roman  invasion ;  they  fnniieh  annnaliy  \i\>- 
wards  ot*  60'>0  tons  of  the  metal.  The  mines  ot'  Malacca  al^o 
yield  a  very  pure  tin  :  the  metal  ia  likewise  obtained  to  a  sniallT 
extent  from  Menco.  The  tin-veins  in  Cornwall  are  frequtntlv 
SMociated  with  tliose  of  copper,  and  they  nin  almost  uivariaMj 
ea^t  and  wetit.  The  tin  ore  is  often  met  with  in  uUaviftl  9«  " 
whither  it  has  been  earned  from  its  original  p»:»ition  by  the  actii 
of  water.  In  this  ease  the  ore  occurs  in  detached,  rounded  ru; 
and  h  very  pure,  con .■'titn ting  what  in  termed  ittrftim  tin, 
position  o^  the  veins  is  fi-eqnently  traeefl  by  following  the  stream 
towards  ita  sonrce,  up  to  the  jwint  where  the  ore  ceases  to  be 
found  ;  a  careful  examination  of  the  vicinity  generally  leads  to  th« 
dificorery  of  the  vein. 

(809)  ExtntHion  of  Mel'iUic  Tin. — In  order  to  extract 
metal  fmiii  the  ore,  it  is  subjected  to  a  series  of  operations,  soi 
of  which  are  of  a  mechanical  and  others  of  a  chemical  c 
They  uiay  lie  chissified  thus  : — 

i. — iSUuiip'nyi  and  wu^shiiig,  to  remove  the  earthy  and  li^Lti 
portions.     2. — /lotuiin^,  to  decompose  the  pyrites  and  get  nd  ' 
the  areenic  anrl  sulphur.     3. —  WcuMng^  to  dissolve  out  snlphi 
of  copjH'r,  and  carry  off  tlie  oxide  of  iron.     4.  —  Itedueti</n, 
which  the  tin  is  separated  from  the  oxygen  tuid  the  ga 
earth}-  matter.      5. — liejining,  or   hfjuation,  and   bouirig 
greeu  wood. 

1. — The  purer  portions  of  the  oro  are  first  picked  out  hyt 
the  residue,  oonsistmg  chietiy  of  tin-stone,  witn  tlie  earthy  inipi 
rities  of  the  matrix,  mixed  with  arsenical  copper  and  iron  {)vrit 
passes  to  the  stamping  mill,  where  it  is  reduced  to  a  coarw?  pivrd 
This  powder  is  then  huddled  and  washe<l  (529),  to  remove 
lighter  impurities. 

2. — The  heavier  portion,  however,  still  retains  a  considi 
guantit}'  of  arsenical  iron  and  copj>er  pyrites.     The  next  opemtli 
is  inteTided  to  get  rid  of  these  substances ;  with   this  view  ' 
washed  ore  is  roasted  in  a  rcverberatory  ftirnace  until  the 
and  a  good  deal  of  the  sulphur  are  expelled,  and  the  ore  become 
converted  into  yellowish-brown  powder  ;  this  process  usually " 
about  twelve  hours.     During  this  rosisting,  trequent  stirring 
necessary  in  order  to  exj>ose  Jresh  surtaces  freely  to  the  air. 
this  means  the  iron  pyrites  is  decomposed,  and  is  converted  inl 
Bulphurous  anhydride  and  peroxide  of  iron  ;  the  arsenic  is  expel 
as  arsenious  anhydride,  and  the  greater  part  of  the  Buljihide 
copper  is  converted  into  sulphate  of  copper;  this  conversion 
completed  by  exposing  the  mass  in  a  moistened  state  to  the  air  fo| 
some  days. 

3. — The  sulphate  of  copper  is  then  dissolved  out  by  li\" 
alter  which  the  principal  part  of  the  peroxide  of  iron',  aiJ ; 
lighter  than  the  oxide  of  tin,  is  got  rid  of  by  washing. 


SZTRAOTIOK  OF  HKTAI.LIO  TVS. 


i 


—  The  washed  ore  is  now  ready  for  rednotion.*  In  order 
ain  this  object  it  is  mixed  with  fi-om  one-titlh  to  one-eighth 
ight  of  powdered  anthracite  or  of  charcoid,  and  with  a  small 
rtion  of  lime  to  facilitate  the  fusion  of  the  eiliceoua  gangue, 
ch  still  remains  mingled  with  the  ore.  The  mixture  havinpJ 
n  rendered  damp,  for  the  purpose  of  preventing  the  finer  par- "^ 
les  from  being  carried  away  by  the  current  of  air,  is  introdnced 
to  the  reducing  furnace.  Tbis  is  a  reverberatory  furnace  with 
low  arch  or  crown.  The  charge  liaving  been  placed  upon  the 
the  d(X)rs  are  closed  up  and  the  lieat  is  gradually  rai»e<^ 
^^_  ive  or  six  hours  ;  the  binoxide  of  tin  is  thus  reduced  by  th^' 
lrt>on,  before  the  temperature  rises  high  enough  to  cause  the 
'An  to  fuse  with  the  silica,  with  which  it  would  form  an  enamel 
ifficult  of  reduction.  Towards  the  end  of  the  operation  the  heat 
raised  until  it  becomes  very  intense ;  the  slags  are  thus  rendered 
nid,  and  the  reduced  metal  snbeides  to  th^  bottom,  and  is 
llowed  to  nm  off  into  cast  iron  puns,  from  which  it  is  ladled 
fS  into  moulds  ;  but  the  ingots  thus  obtained  are  by  no  means 
lore.  ^ 

5. — They  are  therefore  next  submitted  to  a  process  of  Uqvatioti,^ 
which  consist.'?  in  heatijig  the  ingots  to  iueijHent  fusion,  u])on  the 
ibed  of  a  reverberatory  himace  :  the  purer  tin,  being  the  more  fusi- 
We  portion,  gradually  melts  out  and  loaves  an  alloy,  which  has  a 
higher  melting-point.  This  less  fusible  portion,  when  remelted, 
forms  the  inferior  variety  called  h/ot^k  tin.  The  tin  which  lias  nm 
ont  of  the  ingots  is  dra\\-n  off  into  a  second  pan  in  which  the 
metal  is  gently  heated,  being  kept  in  a  state  of  fusion  by  a  fire 
underneath  ;  here  it  is  agitated  briskly  by  thrusting  into  the  nuu^s 
stakes  soaked  in  water ;  the  steam  thus  produced,  as  it  bubbles  Tip 
throiigli  the  molten  metal,  carries  the  dust,  slag,  and  other  me<W 
chanioal  ijupurities  to  the  surface.  After  this  treatment  has  beerr  " 
continued  for  about  three  hours  the  metal  is  allowed  to  remain 
un<iinturhe<l  for  a  couple  of  liours  ;  it  is  then  skiramed,  ladled  out, 
iwd  i-ast  inti>  ingots  for  the  market.  The  portion  contained  in 
tlie  ii|j].>er  half  of  the  pun  is  the  purest,  as  owing  to  the  low  den- 
6ih'  ')t'  tin,  and  its  tendency  to  separate  from  h^  alloys,  it  rises  to 
tJie  siirface.  Tiie  finest  quality  of  the  metal  is  frequently  heated 
"^ecDiid  time  to  a  temperature  a  little  short  of  its  melting-point; 
at  tliis  high  tenijierature  it  becoiuot*  brittle,  and,  if  allowed  to  fall 
fi^ai  u  height,  it  breaks  into  in-egular  prismatic  tragmentj?,  which 
?"?  kjKiwn  as  drojtjM'd  or  grain  tin.  The  s])Htting  of  the  mags' 
'I'to  thesie  fnigiuents  is  a  rude  guarnntse  of  the  purity  of  the  metal, 
^Cf  impure  tin  does  not  become  brittle  in  this  manner. 

On  the  continent  the  stream  tin  is  t'reqneiitly  reduced  in  smalt 
"'art  furnaces  termed  by  the  French /«wm<'rtM.r  a  manche ;  the  fuel 
"•^d  in  this  case  is  charcoal.      The  tin  which  ia  imported  fromfl 

*  ^Thc'u  much  wolfram  is  contained  in  the  oro  it  is  Bometirao*  fbsed  with  carbo- 
f^Ie  of  ^(xJium  before  proceeilinp  to  the  reduction ;  the  tiitigatic  acid  is  thus  removed 
luthr  '  .,  ■•  ■  ;;,^fgtat^  of  aofliutn,  which  is  extracted  by  wMer,  and  is  Bometimoa 
p™!'-  >-printing  a.s  a  luordHiit:  it  has  lately  also  b«en  prppoeed  to  a; 

° '"  '       ..  .;.„ics  to  prevent  them  from  burning  with  flame,  should  they  happi 
»«  Un,  1618). 


\ 


t<nmea  ■ 

1 


554 


PBOPEBTIES  XSD  CBBd  OF  Till. 


Banoi  is  alinogt  chemically  pure.     English   tin  iisunlly  uirji 
small  quantities  of  arsenic,  copper,  iron,  and  lead,  and  <jttr.ii  tr.,.:a 


of  e<>l<l. 


When  required  in  a  state  of  perfect  purity,  the  metal 
obtained  hy  means  of  voltaic  tfction.     For  this  purpose  a( 
ti'ated  solution  of  crude  tin  in  hydrochloric  acid  may  be  pl« 
a  bcuker,  and  water  cautiously  poured  in  without  diStiu-binp; 
densi'  rii»liition  below.     If  a  bar  of  tin  be  plunged  into  the  li<jai( 
beautiful  prismatic  crystals  of  pure  tin  are  gradually  depjeitwl^ 
the  bar  at  the  point  of  junction  between  the  metallic  solutioQ  i 
the  water. 

(siu)  Properties. — Tin  is  a  white  metal  with  a  tinge  of  ji 
low,  and  a  high  metallic  lustre.     It  is  rather  soft,  and  is  vei 
malleable,  but  ia  deficient  in  tenacity.     At  a  temperature 
about  212°  its  ductility  is  considerable,  and  it  may  then  be  i 
di'awn  into  wire.  •  In  a  laminated  state  it  is  well  known  u  i 
J'oU.     If  a  bar  of  tin  be  bent,  it  emit**  a  creaking  6<.>und, « 
perty  which  it  poi.se.sses  in  common  with  cadmium ;  if  bent  eel 
ral  times  in  .successiitn  backwards  and  forward.^,  it  becomes  'iea 
bly  hot  at  tlie  point  of  flexure.      These  ctfects  depend  u|n)n| 
mechaniciil   iiltcration   of  the  relative  pot>ition  of  its  molecu" 
and  their  mutual  friction.     Tin,  when  handled,  couimunicste 
peculiar  odour  to  the  iiugers.     It  is  a  tolerably  good  condiic 
Doth  of  heat  and  electricity.    It  fuses  at  442°,  acconling  to  Orilj 
ton  (or  451*,  Person),  but  ia  not  sensibly  volatilised  in  the 
nace.    It  may  l)e  obtained  in  crystals  by  slow  cooling  after  fusio 
Tin  is  but  slowly  tarnisJied  by  exposure  to  the  air  and  inuLya 
at  ordinary  temperatui-es,  but  if  heated  to  rednes,'*  in  a  cumMiti 
steam,  or  if  ex])()sed  to  the  air  at  a  high  temperature,  it  becon 
rapidly  converted  into  the  binoxide  and  burns  with  a  brillia 
white  light.     Nitric  acid  of  sp.  gr.  1-52  does  not  attack  tin, 
if  diluted  to  1'3  it  acts  upon  it  violently,  and  produces  an  inwi 
ble  hydrated  binoxide  of  the  metal  known  a^  metasitunnic  aci^ 
at  the  same  time,  owing  to  the  decomposition  of  water,  a  vo 
siderable  quantity  of  ammonia  is  formeu,  which  enters  into  con 
bination  with  the  excess  of  nitric  acid.    Strong  hydi'Ochloric'  lum 
when  heated  upon  tin,  dissolves  it  gradu.^^y  with  extricatinn* 
hydrngen.     Aqua  regia,  if  not  too   concentrated,  dissolves 
metal  and  converts  it  into  the  perchloride.     Diluted  sul[iliu 
acid  is  witliont  action  on  the  metal  in  the  cold  ;  but  if  tbci 
eeutratod  acid  be  boiled  upon  it,  the  tin  becomes  converted  in 
sulphate  of  the  jteroxide,  and  globules  of  sulphur  are  separata 
whde   sulphurous   anhydride   escapes:    the  tin   a|>pear:;  in  tb 
case  to  be  dissolved  as  stannous  sulphate,  which  is  oxiilizwl 
stannic  sulj)hate  at  the  exi)ense  of  the  sulphurous  acid.  an<l 
phur  is  deposited;  Sn-f2  H,t?B.  yielding  Sn"SO.  +  ttO,-f  211,6 
and  2  Sn"SO.  +  Se,-f  2  11,80,  furnish  2  (Su'"  2  SO.) +  8  +  ^11,^ 
The  hydrates  of  potash  and  soda  act  upon  tin  at  high  terop«' 
turea,  hydrogen  Ijeing  evolved,  whilst  a  soluble  metastannHtf  > 
tlie  alkali-metal  is  formed.     Tin  combines  readily  with  siilplm 
phospliorus,  diiorme,  aiid,\>Tcovo.\\vi,  if  licated  with  them. 
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ing  to  its  brilliancy,  and  its  power  of  resisting  ordinary 

8;)beric  change*,  tin  i6  largely  employed  as,  a  coating  uj»ou 

more  abundant  but  more  oxidizable  metals,  to  protect  them 

,  g  use.     Iron  and  copper  are  especially  adapted  to  the  opera- 

[of  tinning.     In  India,  tin  is  applied  instead  of  silver  to  steel 

irim  articles  by  way  of  ornament ;  the  tin  is  melted,  and 

titill  liquid  is  agitated  in  a  box  till  it  has  become  eolid ;  the 

^powder  thus  procured  is  separated,  by  suspension  in  water, 

1  the  coarser  particles,  and  is  made  into  a  thin  paste  with 

j;  it  is  then  applied  in  the  desired  pattern ;  when  perfectly 

[it  is  burnished,  and  afterwards  varnished;  its  brilliancy  i& 

Ipreserved  uuehangeil, 

loll)  Tin-Plaie. — The  onlinary  process  of  tinning  iron  differs 
,  tlie  foregriing  one,  and  is  fai"  uimre  important  in  its  economi- 
esult"?,  In  tin-plate  an  actual  alluy  of  the  two  metals  is 
upon  the  surface  c»f  the  intn,  the  external  surface  being 
f  tin.  For  the  manufacture  of  tin-plate,  the  best  charcoal  iron 
quired.  After  the  iron  lias  bwu  rolled  and  cut  into  sheets 
aitable  thickness  and  size,  its  surface  is  made  chemically 
For  this  purpose  the  sheet.s  are  immersed  for  four  or  five 
lltea  in  a  mixture  of  sulphuric  acid  and  water ;  after  which 
'  are  raised  to  a  red  heat  in  a  revcrhcralory  furnace ;  they  are 
i  then  withdrawn,  allowed  to  cool,  and  hatnuiered  Hat.  In  order 
to  detach  frum  them  all  the  scales  of  iixidu,  they  are  psissed  l>e- 
tweeii  polished  ndlers,  and  as  they  emerge  tliey  are  plunged  one 
liyoiK-  intn  a  mixture  itf  liran  and  water  which  has  beomie  sour 
Wc.x)K)sure  to  the  air;  Iiltc  they  remain  for  some  himrs.  and  are 
I  tueiice  transferred  to  a  vessel  containing  a  mixture  of  diluted  sul- 
I  pliuriu  and  hydrdchluric  acids  ;  Uistly,  tliey  are  scoured  with  liran, 
Hud  plunged  into  pure  water  or  lime-water,  in  which  last,  if  the 
Mrface  be  clean  on  immersion,  they  may  remain  for  any  length 
of  time  without  rusting:  these  preliiiiiiujry  steps  are  necessary  in 
"tder  to  secure  a  clean  surface,  as  tJie  tin  will  not  adhere  to  an 
oridaloii  or  even  a  dusty  plate.  In  s«ime  works,  the  plates,  after 
the.T  have  been  scoured,  are  further  cleaned  with  hydrochloric 

Khulding  zinc  in  solution,  and  then  dipped  iuto  the  melted 
the  manner  about  to  be  dest^ribed. 
be  plates  having  been  prejiared  by  either  of  the  foregoing 
procf^es  are  next  plunged  one  by  one  into  a  large  vessel  of  melted 
tallow  free  from  salt,  and  after  reiriaining  there  for  an  hour  they 
•"^  immersed  in  the  bath  of  melted  tin,  which  is  preserved  from 
^idiition  by  a  stratum  of  gresuse   three  or  four  inches   thick. 
«ere  they  remain  for  alioiit  an  hour  and  a  half;  they  are  then 
J^'itlidrawn  and  allowed  to  drain.     After  this  they  are  plunged 
^to  a  second  bath  of  pure  tin,  and  the  excess  of  tin  is  removed 
^■igain  heating  them  in  a  bath  of  tallow :    the  tin  melts  and 
^«  down  to  the   lower  edge  of  the  ])latc;    when   cool,   this 
"'ickened  margin  is  finally  rerluced  by  dipping  the  edge  of  the 
P'ate  once  more  into  tin  kept  at  a  temperature  much  al)ove  ita 
'^  Sltiag-point ;    the   heat  quickly   fuses  the  supertbious   metal, 
~  "  '   theu  detached 
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plate  is  gometinie*  made  to  exhibit  a  V" 

sjice,  Itnown  uuder  the  term  moir^e  vn  of ; 

parts  of  nitric  acid,  with  2  of  IjyiiroelilMric  m- 

of  water:    the  tin-plate  is  gently  heated,  juid  . 

evenly  over  with  a  sponge ;   the  cryetalfl  gradually  api>ear, 

plate  is  then  plunged  into  water,  dried  quickh',  anu  vambthi 

Different  coloured  varnishes  are  use<l  to  vary  the  effecta. 

Tinning  of  tapper  Ib  the  same  in  principle,  but  ia  a  aimp] 
operation  than  the  tinning  of  iron:   the  surface  of  the  mo-tal 
rendered  clean  by  rubbing  it,  wlule  honted,  with  s 
when  quite  bright  the  copper  is  sprinkled  with  a  : 
prevent  oxidation,  and  melted  tin  im  then  poured  on  and 
over  the  surtace  with  tow  by  the  workman,  who  ke'>'<  ''"• 
constantly  at  a  high  temperature ;  the  superflnoas  1 1 
with  the  tow.     The  addition  to  the  tin  ot  one-fourth  "i  ns 
of  lead  renders  the  operation  more  easy,  as  the  allov  b  m 
fectly  liquefied.     Pins,  which  are  made  of  bra^s  wire,  are 
by  bulling  them  for  a  few  minutes  with  a  solution  cimta     _ 
part  of  cream  of  tartar,  2  parts  of  alum,  and  2  uf  e<.>njuioD  <ai!i 
12  parts  of  water,  with  a  quantity  of  granulated  tin:    in 
course  of  a  few  minutes  a  brilliant,  wlute,  chwely  odhering  o 
of  tin  is  depoftited  upon  the  surface  of  the  pins. 

(812)  The  uUoys  of  tin  which  are  employed  in  the  arts 
rumeroUB.     Bntnnnui  met/il  is  one  which  is  a  g<io<l  <leiil  ni«ed  ft 
making  teapots  and  spoons  of  a  low  price ;    it  con;!ist'<  of 
parts  of  brass,  tin,  antimony,  and  bismuth.      Peir-  rj, 

alloy  of  this  description  ;  l»th  i>f  these  possess  con- 
leability,  pewter  being  intermediate  in  hardne!>s  between  lead 
Britannia  metal.     The  best  pewter  consists  of  4  parta  of 
1  of  lead.      Another  alloy,  which  is  intermediate  in  ppf; 
lietween  pewter  and  Britannia  metal,  is  called  Qu^firCH  7n<^u-^ 
is  used  for  the  manufacture  of  teaj)ot9  and  common  sp<n»n«. 
consists  of  y  parts  of  tin,  1  part  of  antimony,  I  of 
and  1  of  lead.     Plumber's  sohinr  is  an  alloy  of  tin  and  l< 
is  more  fusible  than  pure  lead :  fn*'  nohlf'r  consists  of  "1  parts 
and  1  of  lead  ;  winmon  #f>/*/f^  of  equal  parts  of  l«»ud  and  tin;  ai 
coarse  solder  is  composed  of  2  of  lead  to  1  of  tin.     I^ad  and 
may  be  melted  together  in  all  pro]>ortion8,  and  notwithstandi 
their  diffei-ence  in  density,  they  do  not  separate  wh«'n  the  fi 
mixture  is  allowed  to  cool  slowly  (Matthie.*(»eu).      The 
true  also  of  the  alloy  of  tin  and  zinc;  if  the  two  metabi  be 
together  in  equal  proportions,  the  result  forms  a  liard,  white 
nearly  a*?  tongli  as  braes. 

Tin  forms  several  important  alloys  with  copper.     > 
intinl,  used  for  the  mirrors  of  reflecting  telescopes,  con^; 
l>art  tin  and  2  copper,  or  (Ou.Sn) :  it  is  of  a  steel-whiti? 
extremely  hard,  brittle,  and  susceptible  of  a  li"  '        ''  ' 
pro]>ortion8  of  the  constituents  of  syn'cnbim  tii' 
by  different  authorities  vary,  and 
arsenic  is  added  to  the  alloy.     Br,' 
copper  and  23  of  tin,  or  (6ti,Sn)  j  sometime*  r  mixture  of 
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lead  Is  substituted  fur  a  part  of  tlae  tin.     Gun  *netai  contains 

9  or  10  per  cent,  of  tin.     Broiize  contaiuB  lese  tin  than  bell 

ital,  with  usuallv  an  addition  oi  3  or  4  per  cent,  of  zinc     The 

mte  n^'d  for  coin  eonsibts  of  95  part*  of  coiii)tir,  4  of  tin,  and  1 

IJronze  admits  of  a  peculiar  kind  of  t^-'nijivring.    If  it  be 

ailed,  and  allowed  to  cool  slowly,  it  beconit*  hard,  brittle,  and 

etic;  but  if  cooled  suddenly,  it  nmy  be  hammered,  and  worked 

i  latJie ;  this  property  is  taken  advantajrc  of  in  the  manufacture 

f  Wtinlee  with  this  alloy ;  they  ai*e  wronglit  in  the  soft  state,  and 

afterwards  hardened   by   annealing.     The  effect  of  Budden 

Jiug  upon  bronze  is  therefore  just  the  reverse  of  that  which  is 

iced  by  it  upon  Pteel.     These  alloys  of  cop]>er  and  tin  are 

harder  than  copper  itflelf,  and  consideralilv  more  fnsible. 

!  nieltinir-point  of  copper,  according  to  Daniel!,  is  1990'^;  but 

iUoy  ot  tin  and  copper  cuntaining  6'G  jier  cent,  of  tin,  fused 
itlCyn"^;  and  1  with  12-3  iier  cent,  of  tin,  at  1534°  F.  These 
»Loys  have  a  specific  gravity  greater  than  the  mean  of  tJiat  of  the 
BJetals  which  enter  into  their  composition.  They  resist  oxidation 
in  the  air  more  completely  than  copper. 

An  inconvenieuee  in  the  use  of  the  alloys  of  copper  and  tin 
«ri«e«  from  the  circimistance,  that,  when  melted,  the  two  metals, 
owinj;  to  their  ditlerence  in  density,  have  a  tendency  to  8e]>arate 
from  ouch  other,  even  after  they  have  been  well  incorporated ;  the 
tin  accumulates  in  the  upper  portions  of  the  melted  mass,  where 
itfijniig  a  more  fusible  alloy.  It  is  tlierefore  very  difficult  in  lai'ge 
castinc^  to  obtain  a  mass  of  metal  tlie  composition  of  which  is 
imiform  tlironerhout. 

The  amalyam  of  tin  and  mcmd^y  is  einplcived  for  the  silver- 
iDjf  of  mirrors.  In  order  to  apjily  it  to  the  ghiss,  a  sheet  of  tin- 
foil is  spread  evenly  upon  a  smootli  slab  of  stone,  wliich  forms  the 
top  of  a  table  carefully  levelled,  and  surrounded  by  a  groove,  for 
tlie  reception  of  the  superfluous  mercury.  Clean  mercury  is 
poured  upon  the  tin-foil,  and  8i>read  uniformly  over  it  with  a  roll 
of  flannel ;  more  mercury  ia  tiien  ptmrcd  on  till  it  forms  a  fluid 
Ihvlt  (jf  the  thicknesis  of  about  lialf-a-cnnvu  ;  t!ie  !?iirface  is  cleared 
fi  impurities  by  passing  a  liiu-ii  clotli  lightly  over  it ;  the  plate 
*'f  glatks  is  carefully  dried,  and  its  edgo  boiiig  made  to  dip  below 
toe  surface  of  the  mercury,  is  pujihed  forward  cautiously  ;  all 
hnl'bles  of  air  are  thus  excluded  as  it  glides  over  and  adheres  to 
'he  surface  of  the  amalgam.  The  plate  is  then  covered  witl» 
wl'uiel,  weights  are  place<l  Hjxm  the  glass,  and  the  stone  is  gently 
""'lined  s<-<  as  to  allow  the  excess  of  mercury  to  drain  off;  at  the 
^'j'l  of  24  hours  it  is  idacud  upon  a  wooden  table,  the  iuclinntion 
"'  wliich  is  increased  from  day  to  day  until  the  mirror  assumes  a 
^iTtietil  position ;  in  about  a  month  it  is  sufficiently  drained  to 
wlinv  the  mirror  to  be  fraiued.  The  amalgam  usnaliy  contains 
'wur  4  pftrts  of  tin  to  1  part  of  mercury. 

Several  of  the  compounds  of  tin  are  employed  in  the  arts, 
^he  biuoxide  is  used  to  some  extent  in  the  preparation  of  enamels, 
*'id  Ivjth  the  chlorides  of  tin  are  substances  of  great  importance 
^  tlie  dyer  and  the  calico-printer. 
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(R13)  OxTOEs  OF  Tin.— TVith  .   ' 
comiwunds,  the  protoxide  and  the 
diate  oxides  of  minor  importance. 

8t<imwu8  ttxids  or  protoxide  of  tin  (SnO  =  131.  .t  Si 
67)  is  obtained  as  a  white  hydrate  (2  Sii^JI,0),  1»\ 
liition  of  stannous  chloride  into  one  of  carbonate  oi  :-... 
pota*si\im  in  excess  ;  the  carbonic  anhydride  escapes  witi 
cence.     When  moist,  this  hydrate  alisurbs  oxyj^en  from  Tl 
Imt   not  when   dry.     Hy  iji^ition    in   closed  veswel-*   fill* 
nitrogen  or  with  carl>onic  anhydride  it  liecomes  anl 
anhydrous    protoxide   may    also   be   obtiiiiied    by  jn 

Btannous  oxalate  by  heat  in  clused  vesseb.     If  lieated  in  the  ur 
air  it  ^lows,  and  is  cou verted  into  the  binoxide.     If  the  hr<i 
oxide  be  boiled  with  a  solution  of  potash  in  excees,  it  i*  d:s< 
and  in  a  few  days  metallic  tin  is  separated,  peroxide  of  thei 
remaining  in  solution.     If  boiled  with  a  weak  soltition  t\f 
in  quantity  insutticient  to  dissolve  the  oxide,  it  l>ecoii 
and  is  converted  into  a  inaas  of  black  crv-stalliitc  > 
needles  when  heuted  decrepitate  powerfully,  in- 
are  converted  into  an  olive-ljrowu  jX)wder.    lU  _  .:,    .  .:.   . 
a  solution  of  sal  ammoniac  contamins:  hydrated  oxide  of  tin 
suspension  until  the  sal  ammoniac  begms  to  crystal'-  -  -.  *'       "^' 
of  tin  becomes  anhydrous  and  a.«snme3  a  brilliant  - 
whicbj  however,  by  friction  disappears,  and  becomes  i)rusvt 
hydrated  oxide  is  readily  dissolveil  by  acids,  but  the  anhj 
oxide  is  more  slowly  acted  upon  bv  them. 

(S14)  Bltu>xkU  of  Tin  (Sue,  =  loO,  or  SnO,  =  75^ :  !^ik 
6-95;    Camp,  in  lOij  parts,  Suj  78-66;   O,  21-S4.— 1 
occurs  native  in  tlie  anhydrous  lorm  ae  tln-9toin\  a^' 
the  only  ore  of  tin  that  is  worked.     It  it,  met  with  ■ 
square  prisms,  which  are  hard  enough  to  scratch  gl 
usually  a  browTi  colour,  owing  to  the  presence  of  pt 
or  of  manganese.     It  is  insoluble  in  acids,  but  if  iiL'ati<ti  witi 
alkali,  it  enters  into  comliiuation  with  it,  and  foniis  a  i»oIbh 
comjiound. 

In  its  hydrated  condition  binoxide  of  tin  has  the  characteRj 
an  acid,  and  forms  two  remarkable  varieties,  which  have 
termed  respectively  metastannic  and  stannic  acids  (Fremy,  Ai 
de  Ohirnir^  III.  xviii.  303).      Like  the  mctaphosphoric  and  pi 
•phoric  acids,  they  rcfpiire  each  a  different  amotiiit  of  biiMi 
saturation,  the  stannic  acid  combining  with  the  greatest  proj 
tion  of  base. 

Metastannic  Arid.  (H,Sn,0,, .  4  11,0)  is  readily  pro<nin>d 
treating  metallic   tin  with  nitric  acid;  violent  action,  attend^ 
with  extrication  of  nitrous  fumes,  occurs,  and  the  tin  is  conve 
into  a  white,  crystallirie,  insoluble  mass,  which  is  hydnited  nielj 
stannic  acid;  alter  washing  it  with  coM  water,  the  acid, 
dried  in  air,  consists  of  Srn.O,^  in  HO  fFrcmyV     In  thia 
refldens  litra\is-pnpcr ;  when  i 
and  by  ignition  l>ii('omc»*  nidi 
this  fom\  it  \)ogses8cs  the  ,  \iti«,  and 
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ititutes  the  pxiUy  p&tcder  employed  for  polishing  plate ;  it  is  alsc 
largely  used  for  giving  ■whiteness  and  opacity  to  ennmels. 

In  its  hydrated  condition,  metastannic  acid  is  insoluble  in 
nitric  acid  ;  concentrated  eulphiiric  acid,  when  heated  with  it,  dis- 
jolves  it  treely  and  forms  a  comp<}nnd  eoluble  both  in  water  and 
in  alcohol  ■  by  boiling  the  solution  it  is  decomposed,  and  the  two 
acidi-  are  separated.  Hydrochloric  acid  combines  with  it,  bnt 
docs  not  dissolve  it ;  the  compound  is  soluble  in  pure  water,  but 
18  reprecipitated  on  the  addition  of  acid  in  excess,  or  on  boiling  the 
aolntion.  Met^istannic  acid  is  freely  soluble  in  solutions  of  potash 
and  of  soda,  as  well  as  in  solutions  of  their  carbonates,  but  it  is  not 

olved  by  ammonia,  unless  recently  precipitated  from  a  cold 
ilntion  of  its  salts  by  the  addition  of  an  acid  ;  the  precipitate  is 
Dot  'Hiluble  in  ammonia  after  it  has  been  boiled.  The  motastan- 
nateiiare  not  crystallizable,  and  are  precipitated  by  adding  caustic 
potjish  to  their  aqueous  solution  ;  the  granidar  precipitate  may  be 
ilniined  upon  a  tile,  and  dried  at  260  ;  their  normal  formula  is 
il',Sn,e„  with  usually  i  H.O  ;  or  (M'0,Sn,0.„  4  HO).  The  potas- 
sium salt  has  a  strongly  alkaline  reaction  ;  it  consists  of  (K,Sn,0,„ 
4  11,0).  The  metastannatos  of  the  alkiilies  can  only  exist  in  the 
livdratctl  condition ;  if  strongly  heated  they  are  decomposed  and 
becuiuo  insoluble ;  when  the  residue,  after  ignition,  is  treated  with 
Wnter,  metastannic  acid  is  left,  whilst  the  alkali  is  dissolved. 
Metjistannic  acid  may  be  recognised  by  the  beautiful  golden-yel- 
\m  colour  which  it  yields  when  its  hydrate  is  moistened  with 
protochloride  of  tin,  owing  to  the  fonnation  of  metastannate  of 
tin  (Su.Sn.O,,  4  H,0).  Tlie  only  inetastannates  which  are  solu- 
ble are  those  of  potassium  and  sodium  ;  they  are  prt'ci[>itated  in 
the  gelatinous  state  from  their  solutions  by  the  addition  of  almost 
Mj  of  the  neutral  salts  of  sodium,  potassium,  or  amnionium. 

(815)  Stannv;  Aoid  (H,SnO,  or  H().8nO,).— This  variety  of 
the  hvdrated  oxide  of  tin  may  be  procured  by  precipitating  a 
solution  of  tetrachloride  of  tin  by  ammonia,  or  still  better  by  add- 
Ui|  to  the  solution  of  the  tetrachloride  a  quantity  of  an  insoluVile 
wlwuate,  such  as  chalk  or  carbonate  of  barium,  insufficient  for 
Us  entire  decomposition  ;  it  is  thus  separated  as  a  gelatinous  pre- 
^'I"t"te,  which  may  be  readily  Avashcfl  elcim  :  when  dried  in  vacuo, 
llif'C(.mpoi*ition  of  the  hydrate  is  (H,SnO,).  In  this  state  it  is 
'duble  in  hydrochloric  acid,  with  which  it  reproduce*  tetra- 
ie  of  tin;  it  is  also  soluble  even  in  diluted  sulphuric  acid, 
put  tlie  stannic  acid  is  separated  on  Ixnling.  Kitric  acitl  dissolves 
It  freely.  Stannic  acid  is  sohible  in  the  cold  in  solutions  of  potash 
"id  of  soda,  but  not  in  ammunia ;  by  a  heat  of  '■I'S-^"  it  is  con- 
^•^rted  into  metastannic  acid.  In  combination  with  the  alkalies 
'I  forms  compounds  which  crystallize  readily,  especially  from  solu- 
^f'lifi  which  contain  an  excess  of  alkali.  The  general  formula  is 
^',Sne.,orMO,SnO,. 

The  soluble  stannates  have  a  powerfully  alkaline  reaction; 
'•ley  alisorb  carbonic  acid  from  the  air  when  In  solution,  and  are 
I'l'pcipitated  by  solutions  of  most  of  the  salts  of  potassium,  sodium, 
"^         ionium. 
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S(4i4inais  of  potasahim  (K,9nO,,4  H,0)  Is  eat}h 
lieating  any  furm  of  peruxide  of  tin  witli  exoMd  of 
on  dissolving  arid  evaporatint;  the  prodnct,  trnri-j 
rhombic  prihins  are  formed.     WIumi  lieat'eil  to  r  •.! 
nate  of   notaasiuiii  nmy  be  reudtred  anhjdriu:- 
sudiwn  (lSii,SuO,.4ll,^)  maybe  prepared  iu  the  - 
etannate  <.>f  {X)ta^iiiiii.     It  (.■rystullizes  with  facil 
tables,  when  a  eolntion  saturated  at  about  100"  F.  u  ... ..  .  J 

lM)iling-|K>iut,  aa  it  'n  more  soluble  in  cold  than  in  bot  wa| 
This  etannate  is  now  lar^Iy  prepared  as  a  mordant  for  tUc  u»©t 
the  dyer  and  calico-printer.  It  tonn&  the  Itaeio  of  what  is  tocfc- 
nicwilly  knovm  as  tin-prepare  liquor.  Copper  is  quickly  tinnodby 
a  solution  of  this  salt. 

Si'if'juiM^ififi  oftin^  or  fitannatc  of  tin  as  it  is   often  called 
(Sii,0„  or SnO,SuO,),  may  be.  prepared  aa  a  slimy  irr^-v  hyj 
soluble  in  ammonia,  by  boiling  pure  Lydrated  Bes<i 
with  a  solution  of  stannous  chloride  ;  ferrous  chloi  i...  .  ^ .. 
solution, 2 SnOl,  -\- Pe,0,=2  PeCI, -|-Sne,Sne^  It  Ls  eolulw 
drttchloric  acid  and  also  in  ammonia,  whidi  latter  rr 
indicate  that  it  is  really  a  distinct  o.xide ;  the  hydA" 
gives  a  purple  precipitate  witli  salt.8  of  gold. 

(816)  Tlie  suLPHiDKs  of  tin  are  three  in  number, — the  pr 
sulphide,  the  bisulphide,  and  the  sesqni&ulphidc  :  the  latter  ifi  ' 
iiujHjrtant. 

The  Protmidphide  (SnS=150,  or  SnS=7o)  may  be  procs 
by  fusing  the  metal  with  sulphur,  when  it  forme  a  bluis.h-L 
crystalline  ma<*s,  easily  dissolved  by  melted  tin;  it  may  afeo; 
obtained  by  passing  eulphuretled  hydrogen  throuijh  a  6t 
salt  in  solution,  when  it  falls  as  a  chocolate-bro\ni  hydrate.^ 
soluble  in  fiolution  of  bisulphide  of  auimoniuni.  ntid  in   th(* 
phides  of  the  alkaline  met^ils,  if  they  contain  an  pxce«s  of  sulplfl 
l*rot«8ulphide  of  tin  combines  with'  the  sulphides  of  the  tJcc 
netrative  metals,  such  aa  arsenic  and  antimony.     Uydroolil 
acid  diesolveii  it  witli  extricati* ui  of  gulphuretted  hydri^en. 

The  SfuquisuJphid^  (Sn,S,)  may  be  prepared  by  n 
protosulphide  with  one-third  of  it<?  weight  »>!  itulphnr. 
to  dull  rodne-ss;  it  is  only  partially  soluble  in  hydr 

The  Bl^ujphulc  of  (in  (SnS,=  lS2,  or  SnS,=i» 
mosaic  (fold,'  it  fonn.^  a  beautiful  yellow  flaky  etunpoMnd,  «t 
is  obtained  by  preparing  an  amalgam  of  12  parts  of  tin  and  6i 
mercury  :  tJiis  is  reduced  to  powder  and  n)ixed  with  T  part*  j 
sublimed  sulphur  and  6  of  sal  ammoTiiac.     This  mixturftj" 
troduced  into  a  flask  with  a  long  ueck,  and  ia  heated 
long  H!*  any  smell  of  snlphun-tfed  liydrogen   i  '  U 

temperature  is  then  raised  to  low  refines*;  cni  ii| 

are  sublimed,  ami  a  sealv  mass  of  bisulphide  of  tin  retnum- 
the  heat  be  pushed  too  far,  part  of  the  sulj)hur  i'^  i-mm1!.-.I, 
the  operation  fails  :  the  sal  ammoniac  appears  by  i- 

to  moderate  the  heat  pnulnced  during  tue  buIj-I 

which  would  otherwnue  ri*e  s»o  high  «*  to  dt' 

phide,  and  meciiauically  preserves  the  rctiuinite  Uaivy  hLructurv 
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jmponnd.  Eisnlphide  of  tin  ii^  used  in  tlie  arts  to  imitate 
tc.    Aqua  regia  is  the  only  acid  that  decoimio&es  it,  but  it  is 

telv  soluble  in  the  alkalies.  A  hydrated  bisulphide  of  tin,  of 
ngr  yellow,  h  produced  by  passiui^  eulphuretted  hydroj^en 
B^  a  solution  of  one  of  the  etaiinic  ealte.  This  hydrate  is 
ly  dissolved  by  hydrosuljihate  of  aminoniuni,  evolving  sul- 
etted  hydrogen  :  it  is  alsii  soluble  in  the  alkalies,  and  in  hot 
ehlorie  acid.    With  sulphidpof  smruim  it  fin-ms  a  salt  which 

rbe  obtained  in  yellow  crystals,  consisting  of  2  Na,S,SnS, .  12 

le  bisulphide  fuses  when  chlorine  is  yiassed  over  it ;  6  atoms 

le  gas  are  absorbed,  witlnmt  tlieaid  of  heat,  by  each  atom  of 

•hide,  and  a  vellow  crystulliiie  compound  is  obtained  which 

considered  as  a  conibitiation  of  1  atom  of  tetrachloride  of 

1th  2  atoms  of  tetrachloride  of  sulphur,  SnCi,,  2  SCI,. 

>1T)  CiiLORiBES  OF  Tin. — Tin  forms  witli  chlorine  two  com- 

ids,  SnCl,,  and  SnCl„  formerly  termed  the  chloride  and  bi- 

ide  of  the  metal,  but  they  ai-e  now  better  distinguished  aa 

<nt^,  and  stiinn  ic  chloride. 

tannau-8  chloride  (SnCl,  =  l!*0),  or  protochhride  of  tSn  (SnCl 
t'SV — The  hydrate  of  this  salt  may  be  obtained  by  dissolving 
nydrochloric  acid.  This  sohition  is  usually  eflected  on  the 
scale  in  copper  vessels,  since  the  voltaic  opposition  of  tiie 
.  metals  favours  the  solution  of  the  tin  :  on  evaporating  the 
lid  till  it  crystallizes,  ytrisninlic  needles  are  formcil  (SnCl,,  2 
' ;  «p.  gr.  2' 759)  ;  by  a  heat  of  212°  it  may  be  rendered  anhy- 
but  it  generally  loses  a  portion  of  hydrochloric  acid  at  the 
time.  Stannous  chloride  is  decomposed  if  mixed  with  a 
quantity  of  water,  hydrochloric  acid  remains  in  solution, 
a  white  hvdratedoxychtoride  (SnCl„SnB,  2  H,0),  subsides, 
exposed  to  the  air  in  crystals  or  in  solution,  stannous  chlo- 
absorbs  oxygen  and  forms  a  mixture  of  perchloride  and  oxy- 
►ride  of  tin.  Stannous  chloride  has  a  strong  attraction  both 
(Chlorine  and  for  oxygen  ;  it  therefore  acts  as  a.  powerful  re- 
jing  agent.  Thus  it  deoxidizes  completely  the  salts  of  mercury, 
silver,  and  of  gold.  Advantage  is  sometimes  taken  of  this 
tirt'iinistance  in  the  analytical  determination  of  tlic  quantity  of 
mcrt'iiry,  since  all  the  salt§  of  mercury,  when  V>oiled  with  the 
"taiinoiis  chloride,  are  decomposed,  and  yield  their  mercuiy  in  a 
Oictullie  form.  Sulphurous  acid  is  likewise  de]irivod  by  it  of  its 
"t)'gen,  ]irc«iuc.ing  a  yellow  precipitate  of  bisulpliide  of  tin  when 
"itted  with  a  solution  of  the  salt.  Stannous  chloride  reduces  the 
inetKllie  acids  in  the  salts  of  chromic,  tungstic,  molybdic,  arsenic, 
"uHraonie,  and  mangauie  acids  to  a  lower  state  of  oxidation  ;  it 
•^80  converts  the  feiTie  into  ferrous  salts,  and  the  cupric  into 
cipreous  salts.  Stannous  cldoride  is  extensively  emjdoyed  as  a 
ttiordant  by  the  dyer  and  calico-printer,  under  the  name  of 
m/^  of  tin,  and  they  also  use  it  for  deoxidizing  indigo  and  tlie 
l^roxides  of  iron  and  manganese.*     It  Ibniis  double  chlorides 


Ttie  proportion  of  etajinous  chloride  arnilable  for  this  purpose  in  any  commer- 

mplfc  Dwr  be  dt'temi/ned  bj  Penny's  method: — A  Bo\ut\ouot  a  vrex^e^ ^«ak- 
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with  many  of  the  cliloridos  of  the  metalfi  •>f  the  :i 

kaline  earths  ;  tliese  <luul>le  salts  are  cii]>nl>le  of  cr>  i^ 

The  anhydrous  stannous  chloride,  or  huttrr  of  tin,  may 
procured  by  distilling  a  mixture  of  etjual  weinjiits  ol  tin  tilii 
corrosive  sublimate ;  HgCl,  +  Sn=SuCl,-f-Hg  :  it  renmins  1 
as  a  grey  brilliant  mass  with  a  vitreoue  fracture ;  at  a 
heat  it  may  be  distilled.  On  paseiiig  a  curreJit  of  chlorine  o\ 
it,  lieat  and  light  are  evolved,  andf  the  tefmehloride.  uf  tin  | 
forme<l. 

(818)  Stannic  chloride,  or  Tdrnehloride  of  Tiri  • '-   • 
Sp.  (rr.  of  vapour,  t)-2 ;  of  lMyid,)iMJ  at":i2°  :  J/ 
BolUny  fit.  231)°.5 ;  or  RIclhnde  of  Tin  (SnCl,=  13(t).— '11 
pound  may  be  prei>ared  either  by  passing  dry  chlorine  over  i 
tin,  or  by  mixing  4  parts  of  corrosive  sublimate  with  1  part  i.»f  1 
■filings:    on  the  application  of  heat  a  colourless  liquid  diMili*; 
figCl,  +  Sn  yielding  Sn01,  +  2  Hg.     It  emit8  denise  whit*> 
when  exposed  to  the  iur:  when  mixed  with  water,  i  1 
evolved,  and  a  hydnit*  is  fi»nne<l  ;  this  eompound  i  i 
rhombohedni  (SnCl,,  5  H,0 ;  Lewy)  when  it  is  allowed  lo  foil 
Bpoutancousl}',  by  attracting  moisture  from  the  air ;  in  f'fi<^/<<| 
loses  3  H,0 :  but  though  freely  solulde  in  a  small  qnaiitjty 
water,  copious  dilution  causes  the  precipitation  of  hvdrat«l  Rtana 
acid,  and  hydrochloric  acid  is  set  free.     Tetrachloride  of  tin' 
readily  soluble  in  water  aciihilate<l  with  hydriKrliloric  n<'id.     Wh^ 
its  aqueous  solution  is  mixed  with  a  solution  of  tlie  sulphato 
one  of  the  alkali-metals,  hydrated  binoxide  of  tin  is  precipi^^ 
SnCl,  4- 4  n,e  +  4  Na,SO.  becomiuo;  Si»e,  2  11,0  + 4  ?J, 
4  NallSO,,  acid  sulphate  of  the  alkaline  metal  remaining  in  ( 
tion. 

TetrachWide  of  tin  forms  nnmerous  double  salts  with 
Boluble  chlorides;  the  compound  with  chloride  of  |m 
tallizes  in  anhydrous  octohedi'a,  2  KC/l,SnC'l, ;  a  siniil 
holds   in   the  corresponding  animoniacal  salt  (2   lI.Nt 
which  is  the  phik  salt  of  the  dyer.     An  impure  tetruddof 
tin  is  largely  used  by  the  dyers  under  the  name  of  nitromuna 
of  tin,  or  coviiymition  ;  it  is  generally  prepare*!  l>y  diwolvin^ 
at  a  ffontle  heat  in  a  mixture  of  nitric  aci(l  and  sal  ammoniac. 

The  other  salts  of  tin  are  unimportant.     Stannic  sulphate  ' 
soluble  in  water  strongly  ncidulaled  by  sul[>huric  acid,  but  i« 
cipitated  to  a  large  extent  on  copious  dilution  with  water. 

(819)  Ckaractkjw  of  the  Salts  of  Ti.v. — Tin  fornix  twnafrie 
of  salts,  the  salts  formed  from  the  j>rotoxide  and  tb 

from  the  binoxide:  the  tetrachloride  of  tin  is  the  Mi...  

latter  class  that  has  been  minutely  examined. 

1. — The  stiinrioii»  aa/Ui,  ov  protoatiJU  of  fin.,  are  nearly 
less;  with  the  exception  of  the  chloride,' tlu-y  art*  not  i»h.i 
pareti  ;  they  have  a  powerfully  aatringeut  taste ;  wlieu  iaM>lvi 

Jtr  of  BfaanouB  nhloride  in  hydronblorli;  nci'l  '«  t»ik«>;i,  ««'( 
anhy.JroclironmU!  of  poLtH«ti)ui  is  «(Me«l  until  «  'fmr'  "f  <'«■ 
•OBtaiUj  01"  leail  ffivi'g  II  vyHow  prvoipitntc.  rl   ■ 
ndooud :  3  Sua,  +  K.  ."fet  ,0 ,  -  V I  UCT = 3  N  i 
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rb  oxygen  rapidly  from  the  air ;  when  largely  dilntwl 
water  the  solutimi  l^ecomes  milky,  hnt  it  is  reiidere*!  clear  l>v 
all  exces?!  of  liydrodilnrie  ai  id.  Thi*  hydratt's  of  the  _/ij*tW 
ieji  prfHluff  a  white  precijiitate  of  hydnited  jn'otoxide  of  tin, 
I  is  solulile  in  excess  of  the  alkali,  hut  on  boiling,  part  of  the 
is  deposited  as  ii  Mack  crystalltno  powder.  Ammonia  gives 
te  hydrattnl  oxide  tif  tin,  hut  the  preeipitate  is  not  redissolved 

I  excess  of  nmtnonia.      T/i^  rarfufnah'g  of  the  alkali-vutals 
a  similar  precipitate,  whikt  carhonic  anhydride  escapes  with 

effen-cs<rence.  A  very  characteristic  reuctjon  is  the  production, 
XidiHulphuretitid  hijannjeii,  of  acli(i«-olate  lirowTi  precipitate  of 
kydrated  protosnlphide  of  tin.  With  ftnfjf/ilfie  of  ut/inion  I  am,  a 
similar  i)ri'ci])itAte  is  formed,  which  is  solulile  in  excess  of  the  pre- 
dliitant  and  in  the  suli)hides  of  the  alkaline  metals.  With  a 
dilnte  solution  of  cMoriiie  of  gold,  they  give,  if  used  in  excess,  a 
precipitate  of  reduced  gold  ;  in  smaller  quantity,  they  yield 
tul  purple  precipitate,  the  puride  < >f  Cassius.  ^'rrrot'yanide 
■turn,  gives  a  white  precipitate,  soluble  in  hydrochloric 

—  The  Htannie  mlU*  are  found  to  give  with  the  cavstic 
Us  a  white  preci])itate,  soluble  in  excess  of  the  alkalies,  and 
solution  yieltffi  no  precipitate  when  it  is  boiled.  CarbtmaU'H 
alkali-metoh  give  a  white  liydrated  binoxide  with  escape  of 
inie  anhydride  ;  th<.'  pre<'i]iitatc  is  instjluble  in  excess  of  the 
inesalt.  Sulphurettfil  liydrogni  and  iftiljihule  of  itmiium'tuin 
both  produce  a  dirty  yeUow  pre<'i]iitate  of  liydrated  bi>u]]ilddcof 
fin,  which  is  soluble  hi  excess  of  the  ]>reci])itHiit,  as  well  as  in  the 
tttlpliides  of  the  alkaline  metals,  ami  in  the  caustic  alkalies. 

II  the  compounds  of  tin  hrfort-  the  f>hurj)>j)e,  in  tlie  reducing 
on  charcoal,  give  with  carbonate  of  6v>dium  white  nialleuble 
les  of  the  reduced  metal. 

[820)  Esitimailon  nf  Tin^  a/ul  Separation  from  the  foregoing 

' '. — Tin  is  estimated  in  the  fiirm  i>f  the  anhydrous  biuoxide  ; 

arts  of  which  contain  T8-nH  of  the  metal. 
_^  he  separation  i;>f  tin  from  all  the  metals  hitherto  descrilied, 
Wli  the  exception  of  cadmium,  is  effected  by  means  of  sul|ihur- 
etted  hydrogen,  which  precipitates  none  of  the.^e  metals  from  their 
Jolotions  in  the  mineral  acida.  The  mixed  sulphides  of  tin  and 
*»dmium  may  be  at  once  evaporated  to  dryness  with  nitric  acid  : 
<'|i  treating  the  residue  with  water,  nitrate  of  eadmiimi  will  be 
^ii«olved,  and  the  insoluble  oxide  of  tin  will  remain.  The  snl- 
pliide  of  cadmium  is  also  easily  separated  from  the  eulphides  of 
tjn  bv  bisulphide  of  ammonium,  wliicli  dissolves  the  sulphides  of 
tuiHiKi  leaves  the  sulphide  of  cadmium.  Botli  the  sulphides  of  tin, 
•'J' ignition  in  a  current  of  air,  are  gradujilly  converted  into  the 
"^ide  of  tin :  this  change  may  be  accelerated  by  moistening 

with  nitric  acid. 

in  may  also  be  separated  fi-om  all  metals  with  the  exception 
"f  antimony,  areenic  (and  lead  if  sulphuric  acid  be  present),  by 
'~~  wating  the  solution  nearly  to  dryness  with  nitric  acid,  and 

17ie  preaeace  of  tartario  tdd  ia  soma  cosoa  interferea  witti  thete  '  '^actvwa. 
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washinff  the  residue  with  water  Btrongly  acu^nlated  with  nitr 
acid.     The  tin  remains  as  metastannic  acid,  and  by  ignition  fu 

niahes  the  anhydrous  hinoxide. 


§  II.  TrrAKiUM:  Ti=50,  or  Ti=25. 

(821)  TrrANTirii  is  a  comparatively  rare  metal,  \  -(.i 

coneiderable  analogv-  witli  tin.     It  was  discovered  i     '       _  irl 
constituent  of  mcnm;efluite  in  the  year  ITDl.     Its  princi|i:d  or 
are  titaniferous  iron,  and  rutile,  anatase,  and  brfx>kite,  w)»ich  » 
three  different  forms  of  titanic  anhydride,  coloured  by  variab 
iitiantities   of  the   oxides   of  iron,   manganese,    and   cliron 
When  titanic  anhydride  is  intensely  heated  with  cliarcoalj 
reduced,  but  is  nut  fused.     A  reinarkablo  compound  of  the 

i-!  frt'(iuuntly  found,  in  the  form  of  copper-colouri'd  eulnc  en 

ndheruig  to  tlie  slags  of  the  Weloh  and  other  iron  furnaw*.  ^Ii« 
crystals  are  hard  enough  to  scratch  agate ;  they  have  a  6j>etii 
gravity  of  5'3,     No  acid,  except  a  mixture  of  nitric  anrl  liydj 
iJuoric  acids,  has  any  action  upon  them,  but  they  are  i>xidizc<l 
fusi'in  with  nitre,  or  by  ignition  in  a  current  of  oxygen:  they 
volatile  at  an  extremely  high  tompp-rature.     These  ery^tala  w« 
Mipposed   by  "VVoUaston  to   be   metallic   titanium,    l>nt    Wolil 
showed  that  they  consist  of  a  combination  of  cyanide  with  nitri^ 
of  titanium  ;  they  contain  18  per  cent,  of  nitrogen,  and  4  of 
bon,  havin^c  a  formula  (TiCy, 3  TijN,).    Another  nitride  of  t^ 
metal  (¥i,^^,),  also  formerly  mistaken  for  mcttdlic  tiluniuin, 
procured  in  copper-coloured  ew^rales  by  igniting  the  ammonio-dil 
ride  of  titanium  (4  II,N,TiCl,)  in  dor^ed  vc^s*«.'ls,  in  a  cui 
ammonia.*     If  a  current  of  dry  ammoniacal  g:isi  be  trana 
over  powdereil  titanic  anhydride,  htated  to  rcdnese  in  a  pu 
tube,  a  violet-coloured  nitride  of  titanium  (TiN^)  is  formei 
strong,  indeed,  is  the  attraction  of  titanium  for  nitrogen  at  a  bij 
temperature,  that  if  a  mixture  of  titanic  anhydride  and  ch« 
both  in  a  minute  state  of  division,  1)^  heated  to  whitciu 
submitted  to  a  current  of  nitrogen,  the  whole  of  the  niti 
rapidly    absorbed,  whilst   carbonic   oxide   escapes,   and 
coloured  crystals,  having  the  same  composition  as  thi>se  ol 
from  the  blast-furnace,  are  formed  (Deville  an<i  Wohler). 

Pure  titanium  may  be  ol.itained  by  decomiKXiing  t: 
fluoride  of  titanium  and  [M>ta>*ium,  with  potiwsiium  in  a  i..  ^  ' 
with  pure  hydrogen,  and  through  which  a  cuiTent  of  pure 
gen  is  maintained.      It  then  forms  a  grey,  amorphous 
which  burns  in  air  with  scintillation,  and  deflagrates,  in'oxyi 
with  daxzling  brilliancy.     It  may  also  be  obtained  in   pri 
crynliih   by  lioitiiig  B<.Klium  in  the  vapour  of  teti-achlori 
titanium.     The  metjd  is  soluKh'  in  hvdroclijoric  .ucid  with 
tion  of  Iiyijrogoii,  forming  a  colourless  solution,  from  \vhi( 
monia  precipitate  a  black  hydrated  protoxide. 

*  The  Dmmon\o.ch\ati>k  of  ooliimhlurn  yMiU  n  iiiiiiilor  Ditri(W  whcntnatellsttf 


OXIDES   OF   TITANltrM — ^TTTAjnC   ACID. 


505 


(822)  Three  oxides  of  titaxium  probably  exist — the  protoxide, 
the  sestiiiioxide,  and  the  binoxide,  or  titanic  anhydride. 

The  protoride  (TiO=G6,  or  TiO=33)  ha»  not  been  obtiuued 
in  ft  pure  state.  It  appears  to  Ive  formed  when  titanic  anliydride 
is  heated  in  a  crucible  lined  with  (.■liuR-oid :  bnt  where  the  unhy- 
dritle  is  actually  in  contsu^t  with  the  clmnoai,  a  lihn  ol'  inet.illic 
titanium,  mixed  with  a  portion  of  nitride,  is  obtained.  The  prot- 
exide  ia  a  black  powder  neai-ly  insoluble  in  acids,  and  is  gradu- 
tlly  oxidized  by  e.xpoenre  to  a  high  temperature  in  air,  or  by 

t»n  with  niti-e. 
If  a  solution  of  titanic  acid  in  hydrochloric  acid  be  digested 
1  zinc,  a  i>nrple,  hydrated  seaqutonfide  (fi.O,,  x  II.O),  or  titan- 
of  titanium  (TiO,TiO,)  is  deposited,  whicli  abgorbs  oxygen 
uuifl  the  air  with  great  rapidity,  becoming  white  from  the  forma- 
tion of  titanic  aciiL  Hydrochloric  acid  dtusolves  it  sparingly,  and 
toma  a  blue  solution. 

Titanic  Anhydride  (¥10,= 82,  or  TiO,=41).— This  com- 
pound occurs  in  tn^maocam/e  and  iaerin^  as  titanate  of  iron  ;  but 
more  vommonly  it  is  met  with  in  the  uncomVtined  couditinn,  ci»n- 
»titnting  the  principal  ore  of  the  metvd.  It  is  found  native  nnder 
tJiree  distinct  crystalline  fonns,  each  of  which  has  a  diflerent 
epecific  gravity.  Of  these,  the  deneest  and  moat  abundant  is 
ntiU  (tqj.  gr.  4"25) ;  it  occurs  in  long  ■striated  prisms  or  needles  of 
« lirown  colour,  isomorphons  with  tliose  of  tin-stone.  The  second 
variety,  6rooi-*Vf!  (sp.  gr.  4'13),  is  found  in  right  rhombic  prisms, 
Kimetinies  opaque,  at  otltei^  transparent,  and  of  a  pale  bi-o^n  ; 
wliilst  the  third  vaiiety,  anakue  (sp.  gr.  3'9),  is  found  in  Dau- 
liliiny,  in  acute  octoht-dra  whicli  are  s<?ini-trans|>arcnt,  and  of  a 
;«'lIow'ibh  bro\m  or  blue  co]f>nr  Corresponding  diflVrenecs  are 
okcTVud  in  the  titanic  anhy^lride  artificially  prepared  in  the  labo- 
ratory'. Ebehueu  obtained  needle-sha]>ed  transjiarent  yellow  crys- 
tals of  rutile  of  sp.  gr.  4'283  by  prolonged  heating  in  a  porcelain 
Itiln,  of  a  mixture  of  1  part  of  p<iwdered  titanic  anliydride  and  5 

f arts  microcosm ic  sidt.     Like  tlie  hiimxide  of  tin,  it  niav.  when 
vilrated,  ha  obtained  in  two  isomeric  i'onns  p(>s.sessed  of  ditl'erent 
proptrtica.     In  fact,  the  existence  of  two  dissimilar  mod iticat ions 
18  a  Very  usual  occurrence  in  the  ease  of  metallic  oxides  posseesed 
^I'ecble  acid  powers. 

^■Pnre  titanic  anhydride  may  be  obtained  by  reducing  rntile,  or 

^Riie  iron-«5and  to  a  tine  powder,  and  fusing  it  with  thrice  its 

*eight  of  carbonate  of  jtotassium.      On  treating  the  m4iSB  with 

I  triitcr,  an  impure  acid  titiinute  of  potassium  remains.      It  is 

dIvixI  in  hydrochloric  acid,  next  niixetl  with  an  excess  of  ani- 

Bia,  and  the  precipitate  is  digested  in  sulphide  of  urn ii ionium, 

"Which  the  tin,  iron,  and  rnangnnor^e  are  convL^rted  into  snl- 

Pniflcft,  whilst  the  titanic  iieid  remains  unchanged  :  a  solution  of 

^n'pliurous  acid  then  dissolves  the  sulphides,  and  a  pure  white 

livdrate  of  titanic  acid  ia  left.     The  water  may  be  exjielled  l>y 

and  by  long-continued  ignition  the  colour  of  the  compound 

eus,  its  specitic  gravity  increasing  till  it  aot[nires  a  density 

'  to  that  of  rutile.     In  this  etate  it  is  insoluble  either  in  solu- 


see 
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tions  of  the  alkalies,  or  in  acids,  except  liy<lroflaoric  acid  and, 

l»(»iliiig  oil  {>f  vitriol.     Tliis  unliydride  miiy,  however,  be  l>n>ujrU| 

into  solution  l)y  heating  it  with  a  fixed  alJcaliiie  oarlKjnutf.  aiKl" 

(lisisolvinjj;  the  rehichic  with  cold  liydrochl<iric  ncid  :   the  titanic 

acid  may  be  precipitate<l  by  tuciUih  of  oiirbotiaf' 

it  tlipn  forma  n  white  ^eliitinous  hydrate,  which 

transparent  maj^  capaolc  of  reildcning  litmus.       i'lit*  hijuid  Jr«n|| 

. rennun&  turbid;  it  canuot  bi'  rendered  clear  by  Hitration.  iiuU^ 
excess  of  some  ammoniacal  salt  be  i>resent.     lly<lratefl  titiuii 

'"fteid  is  iniioluble  in  sttlntioiH  of  the  caustic  nlk:iliei»,  but  it  yield 
dotinite  salts  with  tiieiii.      When  fused  with  livtimto  of  pttt)t*li  i( 
furius  a  transparent  vellowisii  ghiss.     The  in 
i*  soiiibie  in  diiiite<l  liydrochh^ric  acid  ;   it  i~ 
phurie  acid,  and  forms  a  dctinite  sulphate  (TiU,.hiO,  i,  win«.'Ji 
be  evaporated  to  drynefis*  at  a  low  temperature  without 
going  decotnpositioii.     Both  thesje  aciil  w^lutioni^  when  dilute 
decomposed  by  pndonged,  boiling,  and  the  iui9<»liible  varii 
titanic  acid  is  precipitated.     When  the  Koluble  hydrate  i*  lieatevO 
it  loses  water  ai»d  becomes  converte<l  into  the  aidiydridu,     Thk 
coiupoiind  be'conies  vellow  on  ignition,  l»ut  roc»»ven«  it«  whiten 
on  ciKiling.     When  tused  witli  acid  bulphatc  of  jxitasKimii,  ti«ftui< 
anliydride  is  dissolved,  and  nniy  be  obtained  in  sulution  by  add; 
ing  water;  it  may  thus  be  distingnislied  and  .-teparat^'il  from  silic 
winch  is  not  rendeivd  fiohible  by  thin  nioarjs. 

(823)  A  Bisulphide  of  titanium  (¥iJ^,)  may  be  obtained 
green  scale*  ;  it  is  not  soluble  iu  the  sulphides  of  the  alkaline  ■  ■  •  ' 

Telmddonde  of  titnmum,  ¥101.  =  102;  Sp.  Gr.  of 
(\-mV,.of  li,inid,  l-7«il  at  32°;  Md.  Vd.[~r\\  Koilinyvt.  l,i 
or  lh'chli>rnh\  (TiCl,  =.  yCi). — This  is  a  turning  vulatife  liijuiiJ, 
rcrtendiling  tiie  tetrachloride  of  tin.     It  njay  l»e  obtaine«i  by  d* 
c^tmposing  pure  titanic  anhydride,  intimately  mixed  with  chi 
coal,  and  heated  to  riMliiess  in  a  pvircelain  tube,  by  mean*  of 
ciirix'ut  of  dry  chlorine  gas.     It  is  a  colourlcte  liquid,  whieli  v^tt 
bines  witli  a  small  (}uatitity  of  water  to  form  a  cryKtallir.able  con 

Ijound.     A  large  iiuantity  of  water  produces  itx  d<  ■ 
ly.lrated  titanic  acid  being  sef>arat{Hl.     Devilk*  ol»t 
prisms  of  metallic  titanium  by  decomposing  the  vapour  ui  liwi 
tetrachloride  with  sodium. 

(824)  ClIARACTKKS  OK  TlIK  Ot>MI'OL'Nr)9  OF  TrfAStrV. 1. Tb< 

aaltg  Dorre^ptnif/iii^f  to  tfu:  protu-nide  are  but  little  known ;  with 
carhofuites  of  tlw  idkalumettilH  they  give  a  blue  prt*oi{>itato,  whl 
becomes  tii-st  bri>wn  and  ultimately  green. 

2, — The  tilajuitm  of  the  alkali-metals  are  of  a  yellowish  whit 
colour:  the  normal  salts  are  insoluble  in  cold  wat<ir ;  li. 
Hiiiioves  the  alkali,  while  most  of  the  titanic  acid  reni!\i'i 
Solved.       Cold  liyrlrochloric  acid  dissolves  them,  fm 
tion    which,    M'hen    boiled,    l>c(;omes  turbid   from   d' ,  -n 

titanic  acid:  ammonia,  when  added  to  this  solution,  pnKjutN:*™  |fl 

white  j)reeipitat.o.     JnftMion  qf  g^fh  prrxluces  an  one  ' 

precipitate  iji  the  acid  solution  of  the  titanatct*;  a  \ 

Biiuilar  «!olour  is  produced  by /erroct/anUle  ofpotiutsiuin.      iti 
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Tednciiifr  flame  of  the  hfmcjnpe  the  tifanates  pive  witli  raicrocosmie 
ealt  a  lM?aiititul  ]nir|ile  or  Muiish  jjlftss,  wliieb  bcvjomed  colourless 
in  tlu-  oxiiiizinj;  flame.  This  i*cHction  distinguishes  the  titanatea 
from  tiic  tmituiiitt's. 

(*>i{5)  Iu<t'nn(it'ion  of  Titanium. — TitaTiiuin  is  always  estimated 
in  the  form  of  tltHtiic  anhydride.  Its  solution  in  cold  hydrochluric 
acid  18  nut  precipitated  by  Bnlphiiretted  hydro^jeTi,  a  eircmnfitance 
wliiuh  may  be  taken  advantage  of  in  ueparatiii}^  it  from  tin  and 
cadmium,  U»th  of  which  are  thrown  down  fnjin  the  acid  a«  in- 
eoliiMe  siilphitli's.  The  solution  is  next  mixed  with  tartaric  acid, 
and  siipei'siitu rated  with  sulphide  of  ammonium :  iron,  nickel, 
cobalt,  unui'ianese,  and  zinc  are  thus  separated  in  the  form  of 
sulphides,  fhe  solution  is  afterwards  evay>orated  to  drynefw,  and 
the  tartaric  acid  is  burned  off;  titanic  anhydride  is  left,  mixed 
with  the  saltK  of  the  earths  and  alkalies  wmtained  in  the  mixture; 
the  residue  is  fm^ed  with  hydrate  of  potash,  redifeig.<dve<l  in  the 
cohl  with  hydrochloric  acid,  and  on  hoilinj;  the  liijuid,  to  which  a 
little  dihitcd  siili>huric  acid  has  been  added,  the  titanic  acid  is 
pr«?cipitateil,  collected,  and  converted  into  tlie  anhydride  by  igni- 
tion. This  proce!iii>,  however,  does  not  yield  very  accurate  results; 
indeed  the  exact  determination  of  the  iiuantity  of  titanium  in  its 
compounds  is  a  matter  of  considerable  oitticultj. 

§   III.   COLUMBITTU — TaJITAXDM. 

(82fl)  CoLUMBiuM,  or  NroBiTM  (?fb=97'5)  was  discovered  in 
the  year  IvSOl  by  Hatcliett,  wlio  found  it  in  a  black  mineral  from 
Massachusetts,  termed  colnmbite.  In  tlic  following  year  Eke- 
berg<ibtained  a  new  metal,  which  he  termed  tantalum  (Ta=137"5), 
from  the  tantalite  and  yttro-tantalito  of  Sweden. 

These  two  metals  were  Jisscrtcd  by  Wollaston  to  be  identical — 
an  opinion  generally  received  until  liose  showed  that  the 
American  mineral  contained  a  metallic  acid  dtrterent  from  that 
furnished  by  tautalite :  this  acid  he  termed  the  ni»b!c  (?fbO,); 
a«»d  its  metallic  constituent,  niohium,  is  the  colundiiuni  of 
IIat<'hett.  Hose  at  the  same  time  stated  that  associated  with 
this  was  a  second  metallic  acid,  which  he  termed  the  pcfoj/iv,  but 
this  he  luu*  since  ascertained  to  be  a  ci>mpound  of  the  metal  wlueh 
he  called  nioliium. 

Cohunbium  and  tantalum  have  been  but  incompletely  studied ; 
they  are  t^Mi  rare  to  need  u  <letailed  description  here;  they  have  a 
considerable  analogy  with  silicon, — tantalic  aidiydride,  according 
to  Kose.  having  the  formula  TuO,. 

Hermajm  supposed  the  yttro-tantalite  of  Siberia  to  contain  a 
new  metal,  analogous  to  columbiuni,  to  which  he  gave  the  name 
of  Jlme/nuM ^  but  he  has  since  jimved  the  so-called  ilmenic  acid 
to  be  u  mixture  of  the  tuutalic  and  culundiic  anhydrides. 

8  TV.  MoLYBnirxrM :  Mo=96,  or  Mo =48.    Sp.  Gr.  from 
8-615  to  8-636. 

(b27)  The  principal  oi-e  of  molybdenum  is  the  bisulphide,  a 
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nuneral   which   occurs  chiefly  in  Bohemia  and  in  Sweden,  in 
up(jC'arance  much  resembling  phimbiigo,  and  hence  it&  name,  fn>ca 
f«>XJ,j5a»vtt,  "a  iuaijs  of  lead.       Molvbdeniim  is  also  ovtcasiuuiilly , 
found  oxidized,  in  combination  witu  lead,  as  niolyltdate  of  leu 
Tlie  metal  may  be  obtained  by  roiisting  the  pui-e  nuti  v.      '    '    '-— 
free  current  of  air ;  the  eulphur  pa^sen  off  a*  i?ulplinr< 
whilst  the  molybdenum  aW  combines  witli  oxy^ii. 
l>ehind  in  the  form  njf  molybdic  anhydride.     If   ii 
into  a  paste  with  oil  and  charcoal,  and  exposed  to  the  heat  of  h 
emith's  fort^e,  in  a  crucible  lined  with  chiu-coal,  it  is  retiucixi  lUj 
the  n^etallic  state.     In  thia  form  molybdenum  Lj  whit«>,  britt 
and  very  diflicnlt  of  fuBJon.     The  anhydride  may  also  Ihs  reduc_ 
by  heating  it  to  redness  in  a  porcelain   tulte  in   a  current  iij 
hy<lro|ien  :    wlien  the  pulvundunt  metal  is  heated  in  t"  il 

air  it  IS  gradually  oxidized,  and  tinally  converted  into   !■  a| 

anhydride.     It  is*  readily  oxidized  by  nitric  acid  ;  if  the  iiieui 
in  exce&s,  a  soluble  nitrate  of  the  binoxide  is  obtainetl ;    if 
acid  predominate,  the  oxidation  proceefls  further,  and  niolyl 
acid  is  formed  :  aqua  renjia  produces  similar  results.     Molybdeuua 
is  alrio  oxidized  when  fused  with  nitre,  and  molyltdatu  of  pi»tat«ia 
is  produced. 

{b'2S)  OxiBES   OF   MoLYBDExcM. — Molybdenum    fonn?   thr 
oxides;  the  protoxide  (MoO),  and  tlie  binoxide  (Mo0,) 
possessed  of  ba^ic  chanietei's :  the  third  (MoO,)  reacto  euei^ 
upon  bases,  and  yields  well  characterized  salts. 

The  protoxifle  (MoO=112,  or  MoO=5rt)  its  precinitatod  fn 
the  solution  of  a  molybdate  in  hydrochloric  acia  which  has  be 
reduced  by  means  of  a  bar  of  zim;,  on  adding  ammonia  in  cxcowj 
it  is  tlius  thrown  down  as  a  black  hydrate  which  absorbs  oxvjj 
from  the  air :  it  is  solidde  in  a  solution  of  carbonate  of  amnumion 
but  not  in  those  of  the  tixed  alkalies  or  their  carbonatee.     It  majj 
also  be  obtained  in  the  aidiydnnis  form,  by  digesting  molyb(fi| 
anhydri<le  with  zinc  and  hydrochloric  acid. 

The  hifUKride  (MoG,=i2S,  or  MoO,=6-i)  may  be  prepared  bi 
igniting  a  mixture  of  2  parts  of  nndybdatc  of  sodium  and  1  par 
of  sal  amnioiiinc,  and  digesting  the  mass  in  a  6«ilutioii  of  pot 
to  remove  any  undecom posed  molyl>dic  acid.  The  residue 
well  washed,  is  the  pure  aidiydrons  oxide,  which  has  be«| 
duced  from  molyd«lie  u<Md  l>y  tlie  hydwgeu  of  tlie  arar 
It  is  of  a  dark  brown  colour,  but  it  becomes  puridc  if  exp^> 
w)lar  light ;  it  is  nearly  insoluble  in  acids.  The  hyilratod  binoxui 
may  be  obtained  by  diire-sting  molybdic  anhydride  mixed  wit' 
copiMir  tilings,  in  hydrocldoric  acid  ;  an  excess  of  ammouia  pnx 
pitates  the  oxide  of  a  rusty-brown  colour,  whilst  the  < 
retained  in  solution.  TTydrated  biuoxide  t)f  molybd^nniMi 
in  puri'  water,  but  is  precipitated  by  thr 
The  solurion  gelatiuizoss  on  keepint;.  The  - 
forums  with  aciils  arc  of  a  reddish-orown  colour,  or,  ilanhydroi] 
ure  nejirly  black. 

If  a  solution  of  tetriKhloridi?  of  molybdeniun  (MoCl.) ' 
di'op  by  drop,  to  a  conoeutnUcd  soUifi-  'ii    ♦'  •'     ,icid'molyi>.i:ue  oi 
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ammonium,  a  deep  blue  precipitate  of  molybdate  of  molybdennm 
(MoO„4  MoO,)  is  formed.  This  compound  is  soluble  in  water, 
but  16  precipitated  by  tbe  addition  of  any  saline  body.  The  addi- 
tion of"  a  Rmnll  quantity  of  a  stannous  salt  to  a  soluble  molybdate 
reducfs  tlie  molybdic  acid,  and  produces  this  beautiful  blue  com- 
pound, which  may  serve  as  a  test  of  the  presence  of  molybdic 
acid:  care  must  be  taken  not  to  add  tlie  tin  salt  in  excess. 
Annther  molybdate  of  the  binoxide  of  molybdenum  (Mo0„ 
2  MirO,)  liaii  II  green  colour. 

( S2it)  Molt/hdic  Anhydride  (Moe,=  144,  or  MoO.=72) :  Com- 
pfutJfUm  hi  VWjMirte,  ^o,  66.0;  O,  33-4. — This  compound  is  ob- 
tained in  the  form  of  an  impure  anhydride  by  roastmc^  the  sul- 
phide of  molybdenum  at  a  low  red  heat;  it  remains  behind  as  a 
dirty  yellow  powder;  caustic  ammonia  dissolves  the  anhj^dride, 
leftvinj;  oxide  of  iron   and   dther  impurities.     The  ammoniacal 

lution  crystiillizes  on  evaprn-ntion,  and  by  a  low  red  heat  the 

inionin  is  expelled,  leiiviiij;  the  anhydride  heliind,  of  a  pale  buft' 
colour.  The  anhydride  reihlens  moistened  litmus-paper,  and  ia 
sparingly  soluble  in  water,  forming  a  yellow  solution.  At  a  red 
heat  it  fuses  to  a  straw-coloured  glass  of  sn.  gr.  3*49 :  it  under- 
^olatilization  in  open  vessels,  and  is  deposited  on  cool  sur- 
^^  ^  Fin  brilliant  transparent  needles.  Ko  definite  hydrate  of 
molybdic  acid  is  known.  'NVhen  precipitated  from  its  salts  by 
the  addition  <»f  an  acid,  it  may  be  redissolved,  if  the  acid  be  added 
in  excess:  with  concentrated  sulphuric  acid  it  forms  a  yellow 
;>]ntton.     It  is  also  freely  soluble  in  a  solution  of  creurn  of  tartar. 

riybdie  acid  forms  weU  characterized  salts,  both  nomial  and  acid. 

ioee  of  the  alkalies  are  soluble.  Normal  molybdaff  qf  amnwnium 
crystallizes  in  colourless  square  prisms.  An  arid  nuHyhdafe  of 
avit/uininm  [ (H,N),II,  5  Mo0J,  crystallizes  readily  in  six-sided 

})risms.  Various  anhydro-molybdates  of  the  alkalies  have  been 
brmed,  which  contain  as  many  as  3,  4,  and  even  5  ccniivalerits 
of  the  anhydride  to  1  of  fixed  base.  Molybdate  of  lead  (rhMo©,) 
ocem-H  native  in  crystals  of  a  yellow  coloiu*;  it  is  aitluble  in 
nitric  acid,  and  in  solution  of  caustic  potash  if  the  alkali  be  in 
large  excess. 

A  solution  of  molybdate  of  aintnonium  may  be  advantageously 
emjdoycd  in  certain  eases  to  detect  the  presence  of  very  small 
quantities  itf  pliosphoric  acid  in  solution.  The  solution  suspected 
Ui  eon  tain  the  phosphate  must  l)e  acidnhited  with  nitric  acid,  and 
the  molylnlate  then  added.  The  liquid  becomes  yellow,  and  on 
boiling,  deposits  a  yellow  erystalliiie  precipitate,  consisting  of  mo- 
lyWie  and  i)ho6pht>ric  acids  in  cnitdtintitinn  with  ammonia.  Ac- 
cording to  Sonnenschein  it  contains  t5'T47  per  cent,  of  ammonia. 
and  alK.iut  3  per  cent,  of  P.O..  Arsenic  acid  forms  a  similar 
compound  witli  molybdate  of  ammonium  when  the  solutions  are 
boiled. 

S'lunensehein  takes  advantage  of  the  insolubility  of  the  phos- 
phoric coujpouiul  to  detect  small  (juautities  of  ammonia  by  its 
means.  In  order  to  prepare  the  test  solution,  he  first  procures 
tlie  yellow  precipitate,  by  adding  molybdate  of  ammonium  to  an 
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acidulate  solution  of  pho«phate  of  so<lium,  ixnitee  the  predpit 
to  expel  thc>  auinionia,  atlas  nitric  acid  to  the  residue,  in  m 
coinjtletulj  to  reoxidire  any  reduced  nudybilic  acid,  evap 
drj»nt;s!(,  and  expels  the  nitric  acid  by  icjnition.     A  solution 
bonato  of  Bodiuiii  ia  employed  to  diesolve  tlie  rpinaining 

of  phfwplmric  and  niolybdic  acids,  and  the  ti4duti<.in  i»  ^uc      

rnt^id  with  hydrochloric  acid.  This  liquid,  it  is  stated,  willra-Hr 
detect  the  presence  of  1  part  of  sal  amnioniao  in  10,<X>0  of  tf;afr. 
Salts  of  fttxiiiiin  are  not  affected  by  it,  but  8iron^  wludonsufthe 
salts  iif  potaet^ium  yield  a  nimilar  yellow  precipitate. 

(SHO)  SrLPnroEfl  of  MoLYnuKNCii. — Three  sulphide*  of  ino 
lybilL'nuui  are  kiiuwu,   MoS„  MoS„  and  MoS<:  the  last  twoi 
sulpliur-anlivdridcn. 

BimlphUU ofJfoft/M'.'nnm  (M()S,=  1 60,  <»r  MoS,=SO :  Sj^.  i 
4*0):  CoMj).  ill  U)(}  j>artM,  Mo,  (JO;  S,  40. — This  sulphide  i» 
principal  ore  of  the  metal :  it  is  a  soft  stjjid  of  a  leaden-!;crey  i>)I(*itf' 
and  metallic  lustre.  The  bisul|ih!de  may  abo  be  formed  artificially 
by  heating  molyUlic  anhydride  in  the  vapour  of  sulphur.  It  • 
unchanged  l)y  heat  in  clostHl  vessels,  but  if  ro!Lst«?d  iti  \hc  v^ii 
air,  sulpliurous  anhydride  is  formed  and  i^  vulatilirol,  wLi I'  • 
lybdic  aidiydride  remains.  Nitric  aci<l  decomputje>i  i' 
verts  the  metal  into  molybdic  acid;  oil  of  vitriol  aL^.>  <■' 
it  when  boile<i  upon  it,  forming  a  blue  solution,  whilst  Buipiiufv 
anliydride  escapee. 

The  Ursid^phide  (MoS.=192,  or  MoS,=96)  is  crecipiUteti 
transmitting  sulphiu'etted  hydrogen  through  a  solution  uf  a  n 
lybdate,  and  adding  liydrocldoric  acid.  It  is  of  a  dark-l/nn 
colour,  and  forms  sul]>hur  salts  with  the  suljdiide*  of  the  alk>ili^ 
metals.  The  pcita^ium  salt  crystallizes  in  magnificent  iride^ca 
crystals  (K,Moy„  or  KS,  MoS,).  The  tetra^n/p/ii'l>;  of  molvlxleiiV 
also  combines  readily  with  the  sulphides  of  the  alkaline  inetAl* 

A  iiudiflMhuM  chiorifje  (MoC1,  =  1(j7).  or  jimtorldor'uif  of  t 
lyb(ienufnl^od  =  S'6'o)  is  obtained  by  dissolving  the  protoxiJcl 
hydrochloric  acid.     A  tetrouihloride.  (MoCl,)  is  procured  by  lie 
ing  the  metal  in  a  current  of  dry  chlorine :  it  fonus  a  re\l 
which  sublimes  in  deliquescent  fusible  crystals,  in  api>ean  ^^ 
sembling  those  of  iodine.     It  may  also  be  obtained  m  soliitiOBI 
dissolving  the  binoxide  in  hydrochloric  aci<l. 

A  aJdoromolyMw  aiv'<l  sublimes  in  yellowish  scales  when 
binoxide  is  heated  in  a  current  of  chlorine.     It  is  siduble  both 
water  and  in  alcohol,  and  consists  of  (MoCl„2  ifoO,),  or  (MoO.U 
Similar  compounds  may  be  formed  with  many  ncidifiable  uictii 
such,  for  example,  as  tungsten,  chromium,  and  vanaflium. 

(831)  Characters  of  the  Salts  of  Mcit.YUDENiM : — 

1. — Little  is  known  of  tlie  mofyhdong  aaUit^  or  salts  cor r<«ptin 
ing  to  the  protoxide.  Tliey  yield  a  dark-brown  preci- 
the  hy'Irnt<-4i'of  the  (dk<i/i<:i  ami  their  etirlHHiahuH  ;  the  , 
is  soluble  in  excess  of  carbonate  (yi  ammonium,  and  is  deinwit 
again  on  boiling  the  liipiid ;  sidphunUi^l  Injdroy^x.  slowly  p^ 
duces  a  brown  precipitate  of  hydrated  sulphide  which  i»  boIuII 
in  sulphide  of  ammonium. 


-The  salts  corresponding  to  the  Innoaride  have  a  dark  colour 
a  metallic  astringent  taste.     Infutiion  of  tfalh  produces  witl; 
lu  a  bmwnish-yellow  solution  ;  Jerrocyaniih  of  potmmuin  give« 
-lirown  precipitate  ;  ainmoma  a  rusty-brown  precipitate  of 
^e  bin  oxide, 

3. — Tlie  inolyhdntes  yield  characteristic  reactions  with  zinc, 
and  copper.  With  zinc  in  diluto  acid  solutions,  tlie  liquid 
jmco  tirst  bhie,  then  green,  and  finally  black,  after  which  the 
idition  of  auimonia  produces  a  deposit  of  liydrated  protoxide  of 
'  rbdenum.  The  adtlition  of  a  tjnniU  quantity  of  «i<mrtous  chlo~ 
in  8<»lution  to  a  liquid  containing  a  niolybdate,  producee  a 
intiftd  blue  molybdatc  vt'  njt  ilybdenuui  (Mot>,,4  Mot>,),  but  care 
be  taken  not  to  have  the  tin  wilt  in  exee^ss,  or  the  precipitate 
tcuneti  of  a  dull  green.  Cupjwr  jili rujs  in  fiiniihir  solutions  re- 
tLe  molybdic  acid  to  the  binoxide,  which  is  }freripituted  as  a 
i>wn  hydrate  by  ammonia.  liiforc  tht'  h/oicjji'jjc,  the  eonq>ound9 
molybdenum  yield,  in  tlie  oxidating  flume,  a  eolourlesj^  bead 
itk  borax,  aud  with  niicrocosmic  salt ;  in  the  reducing  tlame  they 
a  brownish-red  bead  with  borax,  aud  a  green  one  with  mi- 
!<trjmie  salt. 

Miilylxlenum  is  usually  estimated  in  the  fonn  of  the  bisulphide, 
which  lUO  parts  contain  t»0  of  the  metal. 


i 
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§  V.  TtTNOBTEN:  W=184,  or  W=92.     iSp.  Gr.  17-(>. 

(832)  TuNOSTEN  18  a  metal  f<mnd  in  small  qtiaiitities.  in  tlie 
lauiieral  known  as  ScheeUte,  or  tungstate  of  calcium  (6aWO,\  or 
jelie  ill  wolfram,  as  a  tuugntute  of  iron  and  manganese  (MnWO,, 
3FeWO.>.     It  is  caiiilv  nbtiUTied  from  the  tungstate  of  calcium, 
br  diojfstiiig  the  powdered  minerai  in  hydntcldorie  acid,  which 
comhuies  with  and  dissolves  the  fuk-iurn,  but  leavt*  the  insolul»lo 
jtwigsfic  acid  behind  :  from  this  comjxtund  the  metal  itself  is  pro- 
Icured,  by  heating  it  ti>  bright  rednebi*  in  a  current  of  liydrogen 
>     It  is  thus  left  of  a  dnrk-grey  colour,  lint  it  assumets  a  nie- 
ittllic  lustre  luider  the  biu-nisher.     If  tungstic  anhydride  be  made 
intoapiwte  with  oil,  and  lu.-ated  intensely  in  a  crucible  lined  with 
'clmreoal,  for  some  hours,  tungsten  is  obtained  as  a  heavy,  irun- 
ptv  luetal,  which  is  very  hard,  laul  diffienlt  of  fusion.     It  may 
wLeuto<l  in   the  air  whilst  in  the  coni])act  state  without  eensilde 
cliRnjije.  but  in  the  pulvenalent  form  it  bums  easily  into  tnngstic 
wiliydride.     Aqua  i"egia  and  nitric  acid  convert  it  into  tnngstio 
*cid,  and  the  same  change  is  produeed  by  heating  it  in  contact 
)^lh  the  alkalies  or  with  nitre.     Pulverulent  tungsten  is  also  ox- 
iillzed  aud  dissolved  by  Ixiiling  it  in  a  sohitiou  of  the  caustic  alka- 
lies or  of  their  carbonates.     When  tungsten  is  alloyed  in  the  pro- 
portion of  It  or  1(1  ]i!irts  with  ttU  of  steel,  it  yields  a  metalhc  masa 
01  extraorflinary  hardness. 

(8;}3)  OxmEs  OF  TrUGSTEN. — Two  of  these  are  kn^lw^l,  viz.,  a 
{•'Oo-xide,  which  dc^es  not  form  salts  with  acids,  and  an  acid  terox- 
Wc.  Wohler  attributea  to  an  intermediate  blue  oxide  the  compo- 

otiou  (we„we,). 
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The  MnoaBtde  (WO,)  ia  obtained  aa  a  brown  powder  l\v  ^'• 

tungfitic  acitl  to  low  redness  in  a  stream  of  byarogen ;  ■ 
per-coloured  sciile*,  by  addin»  tungstic  anlivdrido  to  dilnri-  n 
chloric  a<iid  in  which  some  pieces  of  zinc  fiave  been  plm'»»<l     In 
the  latter  form  it  attract*  oxvgeu  rapidly  from  the  air,  iv 
solved  by  a  solution  of  caustic  potajili,  with  crcihition  of 
and  formation  of  tnngstate  of  potassium.      Wobler  ol 
binoxide  from  wolfram  by  fusing  1  part  of  this  miner; J 

Earts  of  carbonate  of  potassium :  the  melted  mass  is  tre^ited  with 
oiling  water,  filtered,  and  mixed  with  a  solution  of  \\  purt  of 
chloride  of  ammonium.     The  solutirm  is  then  evaporate<i  to  dnr- 
nest,  and  the  residue  ignited;  ujxin  treatLug  th<' 
water,  the  oxide  of  tungsten  remains  as  a  lieu 
which  must  be  washed,  first  with  a  weak  solutiou  <' 
alterwards  with  water.      In  this  operation  the  hv< 
ammoniaeal  salt  partially  reduces  the  tungstic  acid  of  the  miner 

With  &oda,  the  oxide  of  tungsten  forms  a  remark:*!!- 
pound  of  a  yellow  colour  and  metallic  lustre,  coutuining.  ; 
to  Wright,"  (Na,e, we.,  2  WO,).      It  crystallized  in  -,  1 

ia  not  acted  ujxm  by  any  acid,  or  mixture  of  acids,  c-^ 
hydrofluoric  ;    the  sohitiona  of  tlie  cau.stic  alkalies  ar^ 
without  effect  upon  it:  if  heated  in  tlie  air  it  i^  de<'(MTii 
partially  converted  into  tungstate  of  sodium.     It  «> 

b}'  fusing  tin  with  an  exce.>w  of  the  acid  tungstate  <.♦.  - 

order  to  remove  the  undecomposed  tungstate  of  sodiuia  ami  ; 

tungstic  acid,  the  residue  is  treated  in  euccession  with  ^^)^^< 

BolutioQ   of  potash,  water,  and  hydrochloric  acid  ;    tin 
washed  with  water.     Corresponding  compounds  witli  put^i- 
and  lithium  have  also  been  obtuined. 

TungHtic  anhydride,  WO,=il.J2;  often  called  t 
(WO,=nQ)\Sp.lir.  H-12  :  Ck,mp.in  \i)^)par(s,^,  7'.'  ■ 

— Laurent  considered  that  there  were  not  fewer  than  six  nit(  m 
cations  of  this  acid,  each  of  which  formed  a  distinct  class  of  w  '•■-'. 
but  the  subsequent  researches  of  Riche  {Ann.  dtt  Chiinu\  III.  1 
confirmed  by  those  of  Scheibler,  appear  to  have  shown  tliat  t  , 
are  but  two  modifications  in  addition  to  the  anhydride.      'I  ! 
two  difierent  acids  he  terms  the  tanf^Mlii'  (1I,W(:>,),  and    ' 
tutuj«iuj  acid  (^H,W,0„).      De  Marignac  continues  to  . 
designation  of  para(icn'inlat4>«  to  p  class  of  salts  of  the 
(5  MO,  12  W()„  2«  +  r  HO),  or  (M.ll,  3  W,e,,nll,e).  ti     .^    .  . 
uas  not  isolated  any  specific  modification  of  acid  from  tlioin. 

Tungstic  nnhifdrid^  may  be  obtained  fVotu  tuiii'  '•;'■     '    •  ' 
cium  by  the  process  ab'eady  described,  or  by  deci' 
fram  with  aqua  rcgia,  evaporating  to  dryness,  and  ■ 
lil>erated  tungstic  acid  in  aniiiionia;  tlie  tungstate  < 
is  purified   by  crystallization,  and  when   heated   in  open  !■  • 
h>ses  ammonia  and  water,  an<l   is  convcrtwl  int'>  |»nrc  tm 
anhydride.     This  compound  ia  a  struvv-yellow,  tasteli^sft, 
powder,  which  assumes  a  deeper  orange  tint  when  1 
colour  fading  again  as  tiie  temperature  fall*.       In  t. 
insoluble  in  acids,  but  is  readily  soluble  in  a!'    '^" 


Jen  heated  with  solutions  of  the  alkaline  carbonates,  it  decom 
them  with  effervescence, 
HyilraUd  tungstw  acid  (JI,WO„  or  HO,WO,)  is  obtained  iil^ 
le  fonn  of  a  yellow  powder  by  adding  hydrochloric  acid  in 
to  a  boiling  solntion  of  the  anhydride  in  any  of  the  alka-. 
The  modihcation  of  acid  thus  obtained  fonns  two  class 
fealt?,  one  of  which  is  noraial,  the  other  acid  in  cfunposition 
ilveu  the  normal  salts  all  redden  litinui*  faintly.*     Wlien  mixed  in 
be  cold  with  an  excess  of  hydrochloric  acid,  they  are  decomposed, 
ad  a  white  sparingly  soluble  hydrate  of  tungstic  acid  (H,WO„ 
1,0)  is  deposited. 

The  following  table  contains  the  formnlro  of  a  few  of  th». 
nngsfates,  and  snows  their  complex  character  : 

UonMl  tuDg8tnt«B MO.WO, 

DDgBtatea 6iI0,  12"WOi,,2rj  +  1  HO 

Dgstetes M0,4WO„nH0 


r^ 


or        MiWG, 
Mj,W,©,i,iiHj0 


tte  of  potasBiam KO,WO,,HO 

Boiinm. NaO.WO,,  2  HO 

ate  of  potOBsium. 6  KO,  12  W0„  11  HO 

Bodium 5  NnO,  12  WO,.  27  Hq+ 

amroonium 5  H.NO,  12  WO,,  11 

ditto(hot) 5n.N0,  12  W0„  5 

potflssinm  )    ..4K0,Na0,   12   W0„ 
i.  sodium  )  15  HO 

I  JUM  tnngstflte  of  sodinm 3  NaO,  7  WO,.  16  HO 

^  Ifctatiiagstate  of  potassium KO.  4  WO,.  5H0 

lUtitunggtate  aud  nitrate   »   .  .3  H,NO,  8  WO,  NO,, 
Of  atsmoiuum )  4  HO 

Tungstate  of  potwtmim,  is  obtained  by  heating  a  strong  solu- 
tion of  carbonate  of  potassium  to  nearly  its  boiling  point,  and  add 
iBg  tungstic  anhydride  so  long  a.s  it  produces  an  effervescence 
long  slender,  anhydrous  deliquescent  needles  of  the  tniigstate  are 
deposited  from  the  solution  -aa  it  cools:  if  redissolved,  and  allmved 
to  recrystullize  by  spuntaneons  evaiioration  over  oil  of  vitriol, 
at  H  temperature  not  exceeding  r>(t°,  large  limpid  prisms  (K,WO„ 
fi,0)  are  formed;  this  salt  is  soluble  in  about  half  its  weight  of 


Na,wo.,  2  n,e 
Kji,  3  WjOt,  5  n,e 

Na,H,  3  W,ei,  13  H,0 
HO{H.N).H,  3  W,f)„  SHud, 
HO(H.N).II,  3W,©„  jn,< 

K,NaH,  3  W.e,.  7  H»e' 

Na.H,  7  WO„  12  H,e 

K,w,o„  5  n,o 
(H.N)„w.e,.,n.NN©„ 

2U,0 


M 


*  SehciWur  (Joum.  fur  Prakt.  Chemie,  Ixxxiii  273)  attributes  to  tb«  tungBtates 
'^ul.'e  much  morp  ooinpliratcd  than  those  given  by  Riehe;  and  De  MarigDac{.'lii»i 
ie  Ckimie,  ITI.  Ixii.  6)  givt's  others  for  certain  compounds  yet  more  eomph'cateri  thi 
^'^  of  .Schcihler,  though  the  analyses  of  De  Marignac  agree  almost  exactly  wi 
fc!ipilil<.r'^. 

The  TOmpleiity  of  these  formute  has  led  fetsor  to  attempt  to  simplify  them     ^ 
•Iterinit  the  number  afssumod  ns  the  atomic  wci(rht  of  tnnintten  {Ann  de  CTiimk,  IV 
iW).    }Jo  calls  the  atomic  weiirht  of  tunjcston,   153-3,  nnd  if  we  take  for  tliis  new 
ffllthl  the  symbol  Tu.  the  formula  for  the  anliydrido  will  be  TnO,,  or  Tu,0^      B' 
■^  R*P""ilt'3  determination  of  the  specific  heat  of  tnng-ston  be  correct,   it  ia  u 
PWboble  that  this  number  represents  that  of  lh<?  atomic  ■weight ;  nnd  indeed   Ihi 
IwhiiiLb  which  Poraoz  proposes,  when  reduced,  oh  npcdful,  for  the  larger  atomic  weigrl 
'f  Oljiien,  arc  not  less  complicated  than  those  for  whirli  he  alternpts  to  snbstitu 
|*fiD.    I  have,  with  one  or  two  exccptiona,  adupted  the  formTihe  of  De  Muri)nia«  l 
"eing  the  most  pymmetrical.  and  therefore  the  most  probable,  whilst  they  corresponi 
<|ttite  at  closely  with  the  experimental  results  as  any. 

_^3ini»  this  sheet  w.is  in  type,  a  paper  hofl  appeared  by  Graham  (Proceed,  Roy.  Sot;' 
^11.  SS.li,  on  the  solnble  colloids  of  the  tunpstic,  molybdic,  aod  other  metallic  acids 
•Well  throws  Fome  further  light  upon  their  nnomalics, 
t  D«  Marignac  adopts  llie  formulii  with  28  HO. 
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olrj  water.     Wlien  pure  it  is  not  'I- 

sdliition  of  tlie  acid-CJir1>rmate  of  -  'n'. 

a  ]>recipitate  is  oecx^ioiied  bv  this  te!*t.      ^1 
Httini  may  be  obtained  as  (lv,W,0,)  b}'  fni^in^  ^ 

foregoing  salt  with  one  of  the  tuugstic  .inhy(lri<le,  or  by  willing  a 
second  equivalent  of  tnngstic  anhydride  to  a  hot  soliitv"     •'  " 
equivalent  of  the  normal  salt,  when   it  cryntaUize*  in    i 
plates  with   U,0.      A   sparingly  soluble  paratungstiU' 
W,0„  5  H,0)  is  obtained  by  tranemittiug  a  ctirrpnt  of 
anliyilride  throuj»'h  a  solution  of  tlte  nonnal  tii" 
p<wited  in  pearly  seal C'?.      Tlie  noniial  tun^-tiu 
WO„2  H,0)  crvfstallizes  retwlily  in  rhomboidul  idate*.     1 
t>fii(/«((U^  of  De  Mari.i^niu;  (Na,H,  3  W.O,.  13  11.0)  muv  ^. 
obtained  cry8talli?.ed  in  large  etfloredcent  oblique  priBinp.       1  >• 
salt  becomes  modified  by  long  iMjilingof  it*  solution,  wlii  '     " 
on  evaporation  deposit?  long  8-side'l  prism*  of  an  lu'id 
IT.,  7  VFB„  17  11,^).    Another  aeidsalt  contain!- 
of  17  H,B,  is  also  known  ;    ami  if  either  of  t'h 
at  a  full  red  heat,  an  iiis(dul)le  salt  (Na,f>,  4 
ing  the  mass  with  water.     Paratungdat^:  oj 
obtained  by  digesting  the  anhydride  in  excels  of  ammonia:    i:  :♦ 
a  eparingly  soluble  salt  which  at  ordinary  temperatures  cry-t  i! 
Wxesi  in  two  distinct  forms,  either  in  delicate  noo<]lcis  or  in  !'  ^ 
brilliant  plates,  with  the  formula  [(l[.N).n,:J  W.O,.  fi  H,f>l.     If 
crystallized  at  a  little  below  the  boiling-point,  it.  is  ilepo-it'"!  '"n 
hard  brilliant  rhomboidal  nee<lles  which  contain  2  instead  ■  ' 

A  turKjut^tk  of  tungsten  (WO,,WO,|,  of  a  $idemli«l  Mu 
somewhat  analogous  to  the  molybdate  of  molybdenum,  inn\   ik 
obtained  by  a  partial  reduction  of  txmgstic  aciu,  either  by  1>  ■ 
gen  gaft,  or  hy  strongly  igniting  the  tnngstAto  of  amni" 
closed  vessels,  or  by  digesting  tungstic  anhydride  with  /awc  .inu 
hydrochloric  or  8ul[>luinc  acid. 

The  most  important  native  ore  of  tungsten  is  mof/toiit,  whid 
occurs  in  hard  prismatic  crystals  of  a  dark  brown  colour:  it 
regarded  as  a  mixture,  in  variable  proportions,  of  ferrous  and 
mauganous  tungstates.  Its  specific  gravity  is  very  high,  licit 
about  7"3.  It  was  this  circumstance  that  gave  rise  to  the  na 
iunrj-strn,  the  tenn  being  a  combination  of  two  Swedish  vror 
implying  "heavy  stone."  This  mineral  is  deooniix)sed  yrl 
boiled  with  hydroddoric  acid,  or  with  aqua  regia,  the  tnt 
acid  remaining  undissolved.  It  is  also  readily  decompose 
fusion  with  nitre  or  witli  carbonate  of  sodium,  and  a  solnl 
tunirstatc  of  the  alkaline  metal  is  formed. 

^Mefat,i,u)Hlk  And  (H,W.O,„  or  IIO,W.O„).— Th. 
this  acid  colour  litmus  of  a  wine-red,  and  crystallize  ^' ..*.     ' 
with  facility.     They  pass  rea<lily  when  in  solution  into  the! 
of  tungstic  acid;  the  change  is  gradual  in  neutral       '    " 
ordinary   temperatures,    more   rapid    in    boiling?    li  n 

the  ad(lition  of  a  powerful  acid,  and  the 
taneous  if  the  hot  liquid  ix  mixed  with  a  ca' 
carboaate  in  excess.     The  metatnuix^tfttCs  a 
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«ction  of  hydrated  tnuptic  acid  upon  the  tungstates.     If  the 

hydratea  acid  (H,WO„H,0),  obtained  hy  the  action  of 

liloric  acid  in  the  cold  upon  the  soluble  tuiifj»>tates,  be 

ized  by  bases,  it  furnislieB  salts  which  are  identical  with 

ordinary  timgstates ;  but  if  one  of  the  soluble  nonnal  tung- 

Buch  as  the  tun^stnte  of  potassium,  be  boiled  %vith  the 

hydrate  of  the  acid  in  the  proportion  of  an  atom  of  each. 

the  solution  no  longer  becomes  turbid  on  the  addition  of  ar 

a  new  salt,  the  7neiatun^(itate  of  jwtas^ium  (K,W,0,„  8  H,0) 

med.  and  is  deposited  in  square  based  octohedra ;  a  second 

containing  only  4  II,0  ery.itallizes  in  delicate  needles,  after 

ing  alcohol  to  a  strong  s^olution  of  tlie  first  salt,    A  nietatung- 

te  of  sodium  with  10  11,0  crystallized  in  brilliant  octohedra 

■Diay  he  obtained  l>y  oj^erating  as  f*)r  the  first  potash  salt.     Meta- 

tDti<r>t;ite  of  Hinmonium  [(II.N),.  W,0,„  8  H,0}  crystallizes  in 

Wliaiit  fusil deoctoheilni.    The  nietatungstates,  when  mixed  with 

c  acid,  do  not  at  onco  yiehl  aprecipitate  of  the  nietullicacid. 

"'M<tt\tn(f«tt<Ue qf  har-inm  (fiaW.O,,,  9  H,9)  maybe  obtained  in 

als   with   a  fatty   lustre,  by  mixing  a  warm    concentrated 

ition  of  metatungrttate  of  ammonium  with  an  equivaJL'tit  quan- 

of  one  of  chloride  of  barium;  and  by  decompoi^iiig  metatung- 

of  barium  with  its  exact  equivalentof  diluted  sulphuric  acid, 

ilntion  of  the  metatvingstie  acid  is  obtained. 

De  Marignac  has  found  that  when  acid  tungstate  of  potassium 

iled  with  gelatinous  silica,  the  liquid  becomes  alkaline,  silica 

Ived,  and  a  new  salt,  a  silieo-tungstaU  is  fonned.     The 

is  unstable,  but  it  mav  be  obtained  crystallized  at  nrdiuarj- 

Btuporatures  in  square  tallies  (4  ll,e,SiO„'l2  WO,,2*.t  1I,0) ;  or 

in  enho-rtctohedra,  w!iirh   contain  18    H,0,  by  evajmration  at 

ither  high   temperature.     Two  other  t^ilicated  tnngstic  acids 

to  exist :  each  of  the  three  forins  is  soluble  \n  alcuhol ;  with 

alkali-metals  they  fonn  very  soluble  salts. 

(834)  Sulphides  of  Tungsten. — There  are  two  sulphides  of 

I  metal,  the  bisulphide  and  the  tersulphide. 

The  hmdphide  (WS,)  was  obtained  by  Eiche  In  a  pure  form 

DV  heating,  in  a  covered  clay  crucible,  an  intimnte  mixture  of 

'  fi^|iinl  parts  of  acid  tungstute  of  potassium  and  suljtliur.     After 

jusion  at  a  very  hiifh  tetiijiernture  for  Iialf  an  hi>ur,  the  mass 

^_  poured  out,  powdered,  and  washed  with  boiling  water.     The 

l^'sulphide    is  left  in  the  furm  of  bluish-black  slender   crystals, 

Y'ich  feel  unctuous  to  the  touch,  and  stain  paper  or  the  skin  like 

P'ninhago ;  it  a<imits  of  being  cnnsolidated  by  pressure,  and  might, 

P''<>bHbly,  be  used  in  the  manufncturo  of  drawiiig-pcncilB. 

The  Ursnlphide  (W^^  may  be  olttained  by  dissolving  tungstic 
F^nydride  in  a  solution  of  sulpliidc  of  potassium,  uud  precipitar- 
'''g  by  the  addition  of  an  acid  :  it  is  slightly  sohible  in  pure  water. 
The  tersulpliide  is  a  strong  sulphur  acid;  with  sulphide  of 
Iptasftium  it  foiTns  an  orange-yellow  crystalliznble  coin|Kiund. 
^uese  sulpho-salts  may  be  formed  by  heating  the  tungstates  of 
^G  alkali-metals  with  an  excess  of  sulphur. 
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tion  witli  nmfjsten,  when  its  vapour  is  passe<l  over  tlie  mrtal  m» 
linely-<liviilod  istatc,  and  lioated  to  redness  in  a  i;las«  tuV ;  aiJu' 
dark  grey  powder  (W,?,),  difficult  of  oxidation.  !- 
AnotlltT  coiiipoiind  (,W,P)  is  formed  in  beautiful  cry- 
like  geodofl,  l)v  redufina;  a  mixture  of  2  atoms  of  phi«{>li<tric 
1  atom  of  tungstic  anhydride,  at  a  very  high  temneratnre,  in » 
crucible  lined  with  charcoal :  brilliant  six-sided  steel-grey  prism 
of  sp.  jrr.  5*207,  are  thus  obtained.     It  is  a  good  condiiclor « 
elect rieitv.      It  is  oxidized  with  difficulty  when  heated,  and  b 
not  attaclced  by  acids. 

Both  the  cHLOBinES  of  this  metal  (WCl.,  or  Wri.>.  w^i 
(W€l„  or  WCl,),  are  volatile  :  they  are  deconiponied  by  '■ 
hydrochloric  acid  and  the  corresponding  oxide  of  tungsi: 
fiexa chloride  is  formed  by  passing  pure  and  dry  chlorine  i^-r 
heated  metallic  tungsten ;  it  fuses  at  362%  and  is  of  a  bn.na} 
colour,  but  by  exposure  to  the  air  quickly  acquires  a  violet  linr, 
owing  to  its  partial  decomposition  by  the  absorption  of  moisture. 

The  oxi/c/doi-idif  (WO,(;L,)  may  be  obtained  in  yellow  volariU 
crj'stalline  scales,  by  passing  drA'  chlorine  over  either  the  bin>      ■ 
of  tungsten  or  tungstic  anhydride  when  heated  to  re<lne«^-=. 
sometimes  termed  chlorotungstic  acid.  The  red  volatile  t' 

formerly  supposed  to  be  a  perchloride,  is,  according  to  1^ 

OJiychloride  of  the  form  (WOCl.). 

Tetrachloride  of  tungsten  (WCl.)  absorbs  ammonia,  and  i  i 
gentle  heat,  the  whole  ot  the  chlorine  is  expelled  in  the  form  "!  •  i 
ammoniac,  leaving  a  black  powder  consistmg  of  2  WN,,W11  V,, 
When  this  powder  is  heated  in  tlie  air  it  burns,  evolving  iimtii 
and  leaving  a  residue  of  tungstic  anhydride  (Wdhler) :  it  is 
soluble  in  acids. 

(835)   CnAKACTERS    OF    THE    SaLT3    OF   To'GSTEV. — The  cnm- 

pounds  of  this  rnetal  ^re  not  poisonous.     Ko  salts  correepomling 
to  biuoxide  of  tungsten  are  known. 

The  turnjstales  in  solution  are  colourles.s.     Tliey  are  ni»t  pre- 
cipitated either  bv  sidphurdted  hy(ir(Hjen  or  hy^  hydrtyHuJphaif  nf 
atnmoninm,     A  oar  of  tin,  placed  in  their  aci(5ulated  somtion  m 
R  vessel  from  which   air  is   exclude<l,  produces   a  deep  violot 
coloured  liquid,  owing  to  the  reduction  of  the  acid  to  a  low 
degree  of  oxidation.     Zinc,  stannous  chloride,  and  other  rcdufin| 
agents,  in  the  presence  of  acids,  produce  a  like  result.     Tlie  adi" 
tion  of  any  stronger  acid  to  a  boiling  solution  of  the  tung^tati 
causes  the  separation  of  a  yellow  precipitate  of  tungstic  acid  whic 
is  soluble  in  phosnhoric  and  in  tartaric  acid.      They  yiehi  ht:f<r 
ih«  hlotiypij)^,  with   borax,  a   coioui'less  transparent  glass,  wni 
becomes  yellow  in  the  re<hicing  flame,  and  blood-red  on  ctwlir 
"Witli  mi'crocosmic  salt  ((i21)"they  give  a  beautiful  blue  Ju  t 
reducing  flame,  which  becomes  yellow  or  colourless  in  the  o: 
dating  flame ;   the  addition  of  a'  little  metallic  tin  to  the  bea 
favours  the  production  of  the  blue  colour. 

Tungsten  is  always  estimated  in  the  form  of  tungstic  anh, 
dride,  100  grains  of  which  contain  79'32  of  the  metaL 
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§  VT.  Yasadicm  :  ¥=137,  or  V=68-46. 

(83rt)  VAJTADniM  is  one  of  those  rare  metals  at  present 
known  only  aa  chemical  curiosities:  it  was  discovered  in  1830, 
by  »Setstr6m»  in  a  Swe«]ish  iron  ore  from  Taberg,  which  yielded 
)mr  iron  remarkable  for  its  malleability  ;  but  its  most  abundant 
ore  ift  the  vanadiate  of  lend,  which  has  been  found  at  Zimapan  in 
Mex'ico,  nt  Wanlockbead  in  Scotland,  and  more  recently  in  Chili ; 
lat«"ly  Wuliler  jjas  fuund  vanadium  acrompanviug  some  of  the 
ores  lit'  uranium  and  irr)n.  It  is  be*!  obtainetl  by  i-educing 
vanadic  at*id  in  a  covered  porcelain  crucible,  by  means  of  f»f.ita»- 
eiuiii:  the  reduction  takes  ]ilace  with  vivid  incandescence;  tJie 

Eotai>h  is  dit*<ilved  by  water,  and  vanadium  is  depoaite*!  as  a 
rilliant  metallic  powder.  It  is  readily  dissolved  by  nitric  acid 
and  by  aijua  it'gia,  forming  a  iine  blue  solution ;  bnt  it  is  not 
acted  upon  even  by  boiiini;  sulphuric,  hydrochloric,  or  hydro- 
fluoric acid ;  when  heated  with  the  caustic  alkalies  in  closed 
vpssel.%  it  undergi»es  no  change.  Ey  passing  a  current  of  dry 
ammonia  over  heated  chlori«ie  of  vanadiiim,  a  nitride  of  the  metal 
is  obtained  in  a  coherent  form  with  a  steel-white  lustre;  it  is 
brittle  and  very  infusilile. 

(837)  f)xii>K8  OF  VANAPirM. — This  metal  fonns  three  distinct 
<Jbmi><>unds  with  oxygen,  VO ;  VO, ;  and  VO,.  The  protoseide 
(VO=153)  is  obtained  fnjm  vanadic  anhydride,  by  reducing  it, 
by  means  of  a  stream  of  liydiiiweii,  or  by  charcoal :  it  is  a  black, 
cn-stalline,  brittle  mass,  reseuilding  graphite  in  appearance,  and 
like  it,  conducts  electricity.  It  dues  not  combine  either  with 
acids  or  with  bases.  If  heated  in  air  tor  some  time  it  absorbs 
oxygen,  forming  the  hivojnde  (■V^,=16U),  as  a  black  anhydrous 
powfler,  which  forms  salts  with  acids;  they  iiave  a  blue  colour, 
ami  wlion  mixed  with  the  hydrates  of  the  alkalies  funiish  a  grey 
hydrate  of  the  binoxide;  in  this  fomi  it  raiMiily  absorbs  oxygen, 
and  becomes  first  brown  and  then  green.  Binuxide  of  vanadium 
apj>ears  also  to  possess  feebly  acid  properties,  for  it  coml^ines 
•with  bases. 

Vanadic  anhydride  (VO,=185  ;  »p.  gr.  3-49)  is  of  a  brownish- 
jfed  colour;  at  a  i-ed  heat  it  fuses  wUhout  further  change,  and 
crystalllzee  on  cooling,  beconn'ng  incandescent  from  evolution  of 
latent  heat  in  the  act  of  soliditication.  It  is  sparingly  soluble  in 
water,  to  which  it  commnnicateA  a  yellow  tint :  the  solution  is 
powerfully  acid  and  reddens  litmus  strongly.  It  forms  both  nor- 
mal and  Jtcid  salts:  the  normal  salts  when  first  prepared  are 
yellow,  but  in  a  few  hours  they  spontuneuusly  become  white. 
The  most  important  of  these  salta  is  the  vanadiaie  of  ammonium 
(H«N),VG,,  from  which  the  acid  itself  is  usually  obtained.  Yana- 
diate  of  amnionium  is  procured  by  putting  pieces  of  sal  ammo- 
niac into  a  crude  solution  of  vanadiate  of  ]>otassium  (such  as  is 
prepared  by  the  deflagration  of  the  slag  obtained  from  the  iron 
ore  fif  Taberj^,  with  nitre,  after  the  excess  of  alkali  has  been 
neutralized  wttli  liydrnc-Iiloric  acid):  the  vanadiate  of  ammonium 
being  inuoltibh^  in  a  saturated  solution  of  chloride  of  ammonium' 
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is  gradually  deiiosited  in  email  errstalliri^ 

dissolves  it  sparingly,  but  it  is  luucti  nmn 

when  heated  in  the  open  air  the 

ranadic  anhydride  is  left.     The  ■ 

yields  cryataU  of  an  orange  colour.     If  niixe<J  •wi- 

falls,  these  &alts  give  a  deep  black  liquid,  which   ^ . 
laekness  even  when  much  diluted :  it  forms  a  renr  p<?T 
writing  ink,  since  it  is  not  destroyed  either  by  Bci(}B,  whidil 
it  blue,  or  l>y  alkalies,  or  by  chlorine. 

Vanadic  aeid  appears  to  comliine  in  diff- 
the  inferior  oxides  of  the  metal,  forming;  • 
either  of  a  creen  or  a  purple  colour.    It  ul;^  »•«'; 
a<!ids  in  dehuite  proportions,  such  as  the  coinpur  ^. 

several  of  these  compounds  crystallize  with  iiiacility. 

The  attraction  ot  vanadium  for  sulphur  is  bat  suudL     It  < 
bine3  with  it  in  two  proportions,  ^rS,  and  VS,. 

A  Tetrachloride  of  vanadium  (VOl,),  eon 
binoxide,  may  be  formed;  it  is  of  a  blue  wloii: 
rid*  (-VHJIl, :  sp.  gr.  of  vapour,  6*41;  of  liquid,  I  7(^4,  JittiU 

260°)  which  is  a  yellow,  fuming,  volatile  liouid,  is  obtain 

heating  a  mixture  of  vanadic  anhydride  and  cnarcoal  in  h  curr 
of  chlorine.  Bromides,  iodides,  fiuorides,  and  cyanides  of  vi 
dium  have  also  been  formed. 

(838)  CnARACTKRS  OF  THE  CoMTOtTfnS  OF  VAXADirW. — 1, 

salt*  corresponding  to  the  f^itx/ride  of  vanadium  yi»>ld  blue  ixv 

tions,  which  give  a  black  colour  with  tinehirr  of  gn'' 

precipitate  with  the  hydrated  alhUim^  becoiiiiiig  n 

to  the  air.     FerrocyaiiuU  of  poUni^iurn  gives  a  yv\\' 

which  becomes  green  when  exposed  to  tne  nir.     TIil 

the  alkaline  metals  give  a  brownish-black  preripitut*r,  readily  »ii! 

ble  in  excess,  and  forming  a  magnificent  purple  liquid. 

2. — ^The  vanadiatts,  when  treated  with  sulphuretted  Ly< 
gen,  or  when  boiled  with  sulphuric  acid  ami  citii         "     'i.J 
BUgnr,  give  a  beautiful  blue  solution,  a  reactinn  tlm- 
them  from  the  chroraates,  which  un<ler  these  ciren  -i| 

nish  a  green  liquid.    Btfore  tM  hhwpijx  with  Inn 
dacing  flame,  compounds  containing  vanadium  give  a  green  gt 
which  becomes  yellow  in  the  oxidating  flame. 

§  Vn.  Arsextcttm:  A8"'=75.  T/ieoreli-e  Sj).  Or.  of  vaj. 
lO'lfiT;  Observed,  10'6;  of  solid,  frutn  5 'TO  to  5*1 
Atomic  Vol.  i>  or  Q  ;  Molecular  Vol^  As,  [    j    [.* 

(839)  ARSESircM,  or  amt^nic,  in  various  states  of  combiil 
was  known  to  mankind  before  the  Christian  era.     This  c! 
presents  many  analogies  with  phospliorue,  and  with  nitro^ 
IS  considered  by  several  French  writers  to  belung  to  tlic^ 
metallic  elements.     It,  however,  conducts  electricity  with  futdli^ 
and  possesses  a  high  metallic  lustre.     Arsenic 

•Four  ntotng  of  arsenic  enter  into  the  fonnaii'"!  ,,f im- 
oorrespoudiug  iu  tbu  noapect  witb  ptiosphorui. 
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in  the  fomi  of  an  alloy  with  some  other  metal,  especially 
ircjn,  ui-  with  cobalt,  nicltel,  copper,  or  tin.  It  is  found  ocesi- 
"ly  in  the  native  4tate,  and  it  pninctiine?  <K;cur8  united  with 
en  and  certain  nietala,  constituting  ai-seniates,  such  tis  those 
Tin^u,  co]»per,  and  lead.  More  rarely  it  occurs  unite<l  with  sul- 
•lmr«  either  as  tlie  red  bisulpliide  (realgar),  or  as  orpiment,  the 
"uv;  teniuipiiide. 

e  greater  part  of  the  arsenic  of  commerce  ifi  prepared 
misipickel  (FeAsS),  an  anicuical  sulphide  of  iron,  fumished 
undiuitly  by  the  Silesian  minori  ;  and  from  the  arsenides  of 
iclcel  and  cobalt,  wliicii  yield  aiseniou.s  anhydride  as  aswondary 
product  in  the  ordinary  process  of  working^  tijese  ores.  Theeepa- 
taliori  of  the  arsenic  is  ert'ectod  by  ri»asting  the  mineral  in  a  man- 
Tier  giniilar  to  that  enipbiyed  for  <]riviHg  otl'  sulphur;  lint  the  ar- 
sonious  anhydriile  which  is  pnxhu'ttl,  being  less  volatile,  more 
Toluahle,  and  more  delet<>rious,  is  coiuit*nse<l  in  large  chambers, 
thttnigh  which  the  flues  from  the  fin-naces  jiass.  The  emptying 
of  these  chambers,  whicli  is  perfiMiued  alHiut  once  in  t^ix  weeke, 
»  an  oi>eration  attende<J  witii  danger  to  the  workmen,  from  the 
poieonous  and  irritating  nature  of  tiie  tinely-powdered  arsenious 
uniiydride.  In  order  in  .some  degree  to  jirotect  the  men  whil'^t 
thus  engaged,  they  are  cased  in  leather,  with  glazed  njiertures  ftr 
the  eyes,  and  are  made  to  cover  their  moutlis  and  nostrils  with 
damp  cloths,  which  arrest  mosf  of  the  acrid  particles.  Much  of 
the  anhydride  obtained  from  these  c!iatnlK?i-s  is  in  the  t'nnu  of  a 
finepi>wder;  it  is  still  very  impure,  and  it  is  therefore  ngnin  suh- 
linied  in  iroji  pots,  the  u|iper  part  of  which  is  kept  moderately 
cool;  here  it  in  condensed  into  a  transparent,  half-tused,  vitreoas 
nUffl,  The  lower  portions  oidy  of  tins  sublimate  are  {>ure,  and 
Hiese  are  sold  as  white  arsenic;  the  upper  are  either  resublinieti, 
Or  are  employed  for  the  jdjqiose  of  furnishing  nictullir  ai-scnic. 
herder  to  obtain  the  metal,  tlie  sublimed  aidiy(hide  is  powdered, 
mixed  with  charcoal,  or  with  twice  its  weight  of  black  flux,  and 
heated  in  an  earthen  crucible,  upon  tlie  top  L>f  which  a  second 
iflferted  crncible  \&  luted,  and  screened  from  the  fire  by  mean.'*  of 
•  ppfforated  iron  plate.  Tlie  reduced  metal  is  condeuse*!  in  the 
"jjpcr  crucible. 

m^Properties. — Metallic  arsenic,  or  arsenwum,  has  a  brilliant, 
^p  steel-grey  lustre ;  it  is  very  brittle,  and  is  easily  reduced  to 
F>wder.       \Vhen  heated  to  350°  in  closed  vessels,  it  begins  to 
Volatilize  without  fusing,  and  crystallizes  indistinctly,  aa  it  is  con- 
<Jen9ed,  in  rhombohedra,  whicli  are  isoraorphoua  with  those  of 
Witiinony.       Its  vapour  is  colourless,  and  possesses  a  powerftd, 
<'pl»resaive,  alliaceous  odour.     The  metal  may  be  exposed  to  a  dry 
^r  without  nndergoing  change :  when  exposed  in  a  moist  state  to 
fhe  air  it  is  slowly  oxidized,  and  a  substance  kno^\Ti  sajly-powd«r 
'*  formed;  it  is  probaldy  a  mixture  of  arsenious  anhydride  and 
'''etullic  arsenic,  though  it  is  regarded  by  some  chemists  as  a  sub- 
oxide.    If  the  metal  be  heated  in  open  vessels  it  absorbs  oxygen, 
|Utt&8  with  a  lurid  Iduish  tlatne,  and  is  converted  into  arsenioua 
^Bdride,  which  is  condensed  as  a  white,  mea\^'  po"wdcT,\Y^t\ 
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cool  bfKlies  in  the  neighbourhood,     "\\nicn  thrown    • 
into  chlorine  gas  it  takes  lire  Rpont»neoxi.s!v,  and  i-  , 
chloride  of  arsenic.      Bromine,  iodine,  aj^}  .•sulphur  als<<i  a 
readily  with  mi*enicuni  when  ai«k»d  by  a  gentle  heat.     Nitr 
easily  oxidizes  the  metal,  and  converts  it  into  lu^enic  acid :  i 
denagrate<l  with  nitre,  it  ig  converted  ititonrseniate  of  jmtj 

Hydrochloric  acid  exert.s  but  little  action  on  the  metal,  hot' 

a*'id  l)e  mixed  with  nitric  acid,  or  with  chlorate  of  potaa^iam, 
metal  is  rapidly  couverte<l  into  ai'senic  aci<i. 

A  small  quantity  of  arsenic  is  adde<l  to  lead  to  facilttAte 
assuming  the  globular  furiii  in  the  n)anutacture  of  t^hut.      In 
form  of  arsenious  anhydride  it  is  extensively  x^se^\  in  the  prcj 
lion  of  green  and  yellow  pigment* ;  it  is  likewise  eropfciyed 
prevent  smut  in  grain,  but  the  practice  is  to  l>e  repnibHtwl ;  itj 
also  used  in  tiie  manufacture  of  tlint  gla.Si>  as  im  n- "  tat 

for  converting  the  protoxide  of  iron  into  jK-roxide,  .  un 

rid  of  the  green  tinge  which  protoxide  of  iron  eonnunuic 
the  %'itreons  masis.      Its  emph>ymcnt  as  a  i»oiri«>n  for  \e» 
otlen  been  made  a  pretext  for  procuring  it  fur  enminal  paq* 

Oxides  of  Aksemc. — These  are  two  in  number; 
ftnhydride,  A6,0„  anfl  arsenic  anhydride,  As,0, ;  both  have 
pmiMirties,  no  basic  oxide  being  known. 

(S+0)  Arsenioxu  Aoid.  or  Armcniou^t  AnhyfJriflf  (A^^O^sJ 
or  AsO,  =  91*);  Sp.  Gr.  of  vanour,  13-{<5:   r  »'|~ 

pariSy  As,  75-75;  O,  24'25.     Jltti^'cu/ar  Vol,  (, 
Thih  compound  is  tlie  white  amcnic  of  the  shops,      it  is  pr 
up<.»n  the  hirtre  scale  during  the  iT>ajsting  of  arsenioil  ores] 
manner  alreatly  descTibed.     In  exist*  in  twomiMlitications,  i 
ous  and  a  crystalline  form.     When  puritiod  by  resuldimati 
freshly   ubtaincd,   it  is  in  semi-transjiarent,   vitreou'*.    hiffH 
masses;  but  by  exjH>snre  to  the  air,  it  gr.idujdly  bo 
and  of  a  yellowish- white  colour.     This  chanp'  ad^ 
from  the  exterior  towanis  the  interior,  w>  that  the  mass 
oiJa([ne  at  the  surface  whilst  it  remains  transparent  in  thy  cl 
coth  varieties  of  arsenioiis  anhydride  are  trecly  soluble  in 
hydrochloric  acid ;  when  this  solution  i.«.  boiIe<l,  a  portion  of 
arsenic   is  volatilized  in  the  form  of  terchloride;   as   thi-  lii; 
co<il8  the  excess  crystallizes  in  transjmrent  anhydr- 
consisting  of  uncombiiicd  arseniousanliydridc  ;  bu1  w 
parent  variety  has  been  euipK)yed,  the  fonikation  uf  «'iicli 
IS  marked  by  the  emission  ot  a  A\\»\\  of  light  which  is  jm-pc^ 
in  a  darkened  room.     The  opaque  variety  exhibits  no  euc 
nomenoii  in  crystallizing  from  itj* s*»lution.     A  hot  sohititfoi 
monia  also  dissolves  white  arsenic  fivelv,  ami  deposits  it  in  »bM 
dr«nis  (x-tohedra  of  the  uncombined  anhydride  on  etH.ling. 
with    prisnnitic   crystals  of  arsctiite  of  uniinonium,    II, 
(Uloxum  ;  Journ.  C'herfi.  Six:   lSi'>'2,  21)7).      Guihuurt  Ibui 
opaque  vanety  to  have  a  speiiific  gravity  of  3"rtW ;  it  is  le=»j 
than  the  tmnsparcnt  form,  the  specitio  gravity  of  \rhidt  Im] 

*  Tho  moleoubr  vnlump  of  thin  Sody  U  anonniloiM,  t%«  «l«i»itx  cT  itt  < 
being  doublo  o(  lUuV  'K\i\da.  ud^Va  Ctoav  i*        •■-  — 
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Obe  3'7385.  The  two  varieties  altjo  diffi-r  in  their  solubility: 
Mscordiug  to  Biissj,  water  dissolves  much  less  of  the  opaque  than 
rf  the  transjiarent  anhydride.  A  cold  saturated  solution  of  the 
ritreous  variety  gradually  deposit*  its  excess  of  anhydride  in  tlie 

Etaque  furiu,  anil  retains  between  2  and  3  jier  cent,  in  solution ; 
e  liquid  reddens  lituuis.  Mere  grin<ling  to  a  fine  ix>wder  ci>n- 
rerts  tiie  tnmsparent  into  the  oftaijue  variety,  and  reduces  its  solu- 
)iUty.  Heat,  however,  gradually  reconvertfi  the  of»aque  into  the 
ritreous  modificatiou,  so  that  long-continued  boiling  renders  the 
opaque  as  soluble  as  the  vitreoiLS  form.  It  is  therefore  difficult  to 
itate  the  precise  degree  of  solubility  of  either  form  of  the  curn- 
pounil,  liecause  the  two  varieties  are  liable  to  lie  formed  in  vary- 
ing proj»ortion  in  the  course  of  an  experiment.  The  largest  pro- 
wrtion  which  water  will  dissolve  at  the  boiling-point  is  between 
11  and  12  per  cent,  lloth  nitiic  acitl  and  aqua  regis  dissolve  tlie 
aahydride,  and  convert  it  into  arsenic  acid. 

Arsenious  anhydride,  when  heated  to  380**,  softens  and  is  buIv 
limed  without  fusing,  being  condensed  in  transparent  octohe<lni 
iqvjn  wann  surfaces,  but  it  occasionally  forms  long  prignialic 
neeilk-s,  isomorphous  with  those  of  oxide  <>f  antimony.  Its  vajKjur 
is  without  o<lour;  it  is  colourless,  and  contains  1  volume  of  vapour 
of  arsenic  and  3  volumes  of  oxygen,  condense^l  into  1  volume. 

Arfniiitr«. — Ai'senious  acid  \f,  solulile  in  solutions  of  the  alka- 
lies and  of  their  cai'bonates:  with  potassium  and  sodium  it  finnns 
Euluble  compounds  which  do  not  ctystalli/e.     Its  acid  pntjiertiea 
are  feebly  marked,  but  it  appears  to  Ije  tribasic,  the  moi<t  usual 
formida   of  its   salts   being    Af'.AsO,,  or  3  M<>,AsO,    ^Bloxam). 
Arsenite  of  potasmitrn  has  been  usetl  niedicinally  fi>r  niuny  years 
under  the  name  of  Koichrit  mluiion.     The  arsenites  of  the  met^ 
als  of  the  eartlis  (particularly  ai-senite  of  calcium)  are  nearly  in- 
Holuble  in  water,  but  are  readily  dissolved  by  acids.     Arsenite  of 
copper  (€uHAeO,)  ia,  in  a  commercial  pomt  of  view,  the  niost 
important  of  these  salts ;  it  is  of  a  delicate  and  beautiful  green 
colour,  constituting  the  pigment  Siild  under  the  name  of  S<-h\'U^n 
green.     It  is  prepan-d  by  dissolving  1  part  of  arseiiious  anhydride 
»nd  3  jiarts  of  carbonate  of  potassium  in  H  ttf  water,  and  adding 
tlie  liquid  to  a  boiling  s<:ilution  of  3  parts  of  sti!]iliate  of  copjier  in 
40  of  water:  the  shade  of  green  may  be  varied  liy  altering  the 
pit)|)ortion  of  ai*senious  anhydri<le.     This  cuinjx)und  is  a  danger- 
oui  {loison.     It  is  solulile  in  acids  and  in  ammonia.     When  lieate<l 
It  16 partially  decouiix>scd,  and  arseni<ius  suiliydride  subliiiR's.     The 
Schipfliifuri  (ptvn^  which  is  also  use«l  largely  as  a  pigment,  is  a 
double  salt  of  arsenite  and   acetate   of  copper  (3  OnAs,f>„  On 
26,11,0,'),  made  by  mixing  equal  parts  of  ai-sen ions  anlmlride  and 
acetate  of  copper,  in  solution  at  a  boiling  temperature,  adding  an 
equal  bulk  of  cold  water,  and  allowijig  the  mixture  to  stand  for 
^'ne  days.     Arsenite  of'  frilver  (Ag,AsO,)  is  of  a  canary -yellow 
C|)lour;  it  is  obtained  by  the  addition  of  a  solution  of  nitrate  of 
^Iver  to  one  of  arsenite  of  jiotassiuni.     If  a  slip  of  bright  coijjter 
foil  be  introduced  into  a  solution  of  arseuioua  acid  in  hydrochloric 
^Aj  a  grey  film  of  reduced  arsenic  is  deposited  on  the  copj 
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>e  Biibstttiited  for  copper,  arseniurettetl  hydragen  is  eraki 
Siii).     Arsenious  acid  in  eotution  niar  readily  l*  converted 
arsenic  acid  by  acidulating  the  liquid  with  hjdrix'hLmcafiit 
I        lining  it,  ajid  gradually  suidin^  ehlorate  of  potassium  in  sasm 
antitiesi.     Arsenioue  acid  is  indeed  a  powerful  redneiiig  aeent 
,  eolution  in  hydrochloric  acid  reduces  tercUloride  of  gi>li; 
eaclies  permangRiiAte  of  potassium,  and  reduces  anhydri>ch: 
luatc^  of  potimsium  to  a  sesquisalt  of  clirouiium. 

If  a  solution  of  anieuious  acid  in  carbonate  of  sntlinm  be 
mixed  with  a  little  staru-h,  and  a  solution  of  i».idine  or  of  clilftriie 
bo  atldfd  till  the  starch  turn^^  bUie,  the  arseniuii^  i*  converted  intu 
arst'rittf  acid  ;  thi;*  ruiiction  forms  tlie  basis  of  a  volumetric  pnjcuss 
for  tin-  detenniuatiiin  of  iudine  and  chlorine  in  (Solution. 

If  a  minute  fragment  of  arsenious  anhydride  l>t'  hoiiteii  witli  t 
similar  purtion  of  acetate  of  stKiiuui  in  a  small  test-tube,  (be  t-ha^ 
acteristic  and  jiecnliarlv  offeusire  odour  of  kakixlyt  1:=  porcjeiTei 
(S4l)  Arsenic-  Anhydride'  (As,0j  =230),  or  Ai^enie  Joii 
(AsO.  =  115):  Ibtnp.  m  liK)  jxtti^,  xVs,  65-22  ;  O,  3478.— This 
corapi>nnd  is  obtained  by  treating  arsenious  aDbydridL-  with  aitiie 
acid  in  slight  excess,  and  then  boiling  down  to  drynes.^  in  a  j»kti- 
niuu  vessel  A  white,  somewhat  deliquescent  uia^  i>f  arsesjit 
anUvdride  remains:  bv  &low  evapiiration  of  it*  »dution  arsenie 
aeia  nuiy  be  obtained  in  hydrafced  erysta]*,*  No  attempt*  ti.»  yro 
cure  tJie  dil>asic  and  monol^sic  fonns  itf  arsenic  acid  havehiUicr- 
to  l>een  sueoe^ful :  ludeed  I  find  that  it  forn^  hot  a  lE^ingle  sttUe 
hydrate,  the  soK^talled  dihydrtUe  (H,Aji,0,»  or  S  HO,A«0,X  nrf 
this  i^  iihtrtined  whether  the  «dution  be  evaporated  overeulphurie 
acid  at  the  oniinary  tem{>erature,  or  in  the  open  air  at  any  tem- 
peratni-e  not  exceeding  3(X>°  :  in  this  way  hard  brilliant  prisms  of 
the  dihydrate  are  procured ;  at  a  temperature  of  500°  these  be- 
come anhy«lrous,  and  tinally,  if  the  mass  be  suddenly  heated  to 
reilness,  it  fuses,  and  becomes  decomposed  mto  arsenious  anhydride 
and  oxygen.  If  a  current  of  sulphurous  acid  be  transmitted 
through  a  solution  of  arsenic  acid  it  is  slowly  reduced  to  the  state 
of  arsenious  acid,  whilst  sulphuric  acid  is  fonned,  H, As0,  +  H,SO, 
,,  becoming  n,AsO,  +  II,S0,.     Arsenic  acid  has  recently  been  em- 

•j  ploved  in  calico-printing  to  some  extent  as  a  substitute  for  tartaric 

'1  and  phosphoric  acids,  but  its  employment  is  dangeroie  if  the 

'  •  K.  Kopp  (  Jba.  (ir  Chimie.  Ill  ^viiL  106)  Toand.  when  operating  on  a  larjje  scale, 

,  duit  if  a  «HK*ntr»te«i  solution  of  the  acid  was  stirrtd  briskly  at  a  tenjperatnre  not 

i  exwedinsr  59  .  a  semi-liquid  mass  was  often  obtained  filled  with  elongated  prisms  or 

rfaomhoidal  plates  (2  H,AsO,.H:0):  thevare  extremelr  deliquescent ;  when  heated 
to  213'  tber  b«on>e  liquid  lose  water,  and  gnduallj  deposit  a  white  creamy  nasa, 
coofisting  of  »mall  ueedlt*.  whioh.  when  dried  br  pressure  between  folds  of  flltering- 
pap<>r.  were  found  to  consist  of  the  h.Tdrate  (HjAsO,).  In  order  to  obtain  the  hj- 
drate  1  H.As;t*-)i  Kopp  eraporated  at  a  teiuperatore  ranging  between  2S4'  and  J66  ; 
if  a  Tvrr  (.vocentrated  sohition  of  this  so-called  hrdrate  be  kept  for  sane  ti«»e  »t 
3?2  ,  ate!  then  bi>  graduaUr  raised  to  403  the  liquid  suddenlj-  boils  np.  becomes  pas- 
t\-.  and  is  vxtcrerted  into  a  pearij  mass  of  danrfiny  whiteness  coosisting  of  the  mono- 
hrdrate.  which  it  is  difficnU  to  obtain  &ee  from  the  anhvdrid«.  At  a  tEmpentnw 
Wow  rvua»ss  il  becomes  anhrdrvHts :  all  these  different'  forms  when  dissolred  is 
water  tvprvxiiKV  a  liqtiid  like  the  original  solution-  In  preparine  arsenic  acid,  £ofp 
eaivioTi?  «>*  IK  of  nitric  acid,  spL  gr.  ISol  to  SOO  IK  of  aiTKniom  anhruride.  and  lij 
•dd-jivg  tb«  tuvnc  «?iA  |;t»&«aU;,  ua  v^i^tMUtkn  of  vtifidal  beat  is  Mcesair. 
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e  products  are  allowed  to  run  into  the  streams.     Its  chief 
umptioii  is  in  the  preparation  of  nui^enta  dye  from  aniline. 
'  rtie/i ittfc^. — The  arsenic  is  a  powerful  tribsisic  acid,  expelling 
volatile  acid.s  from  their  comhintitions,  and  deeomposini;  the 
boiiates  with  effervescence.     The  eulta  of  this*  acid  have  the 
ncral   forunila  M',A''^»i  and  of  the  three  atom*  of  its  basic 
ijdro^:en,  1,  2,  or  3,  may  consist  of  a  metal.    It  fornii*  a  series  of 
Boluble  erystaliizable  salts  with  the  alkali-metalH.,  which  present 
DODsiderable  interest,  as  they  are  isomorphoiis  witli  the  tribasic 
phojpliates.     Arseniate  of  sodium  ia  a  mumifaetured  jtrodnct  of 
oonsiderable  importance.    It  is  best  obtained  by  satnnitin<j  arsen- 
ioiw  anhydride  with   crude   soda-afih.   and  dfil!i'::;ratiii>:;  the  <b'y 
residue  in  a  reverberatory  furnace  with  a  f^tiituble  pntportion  of 
nitrate  uf  sodium.     13y  addinj;  caustic  soda  in  excess  to  arsenic 
acid,  an  ettlore!*cent  salt  (Na.AsO,,  12  11,0)  may  be  obtained  on 
evaporation,  crystallized  in  prismatic  needles.     If  to  a  hot  solu- 
tion of  arsenic  acid,  carlvonate  of  sodium  be  added  till  efFerves- 
pence  coatees,  the  salt  which  is  obtained  on  evaporation  (J* a,H  x\sG„ 
^O)  ctirresponds  in   form  and  composition  to   the  rhondiic 
phate  of  sodium,  thi>iiu:li  more  usually  it  crystallizes  witli 
H,0  ;  and  by  ad<ling  to  a  solution  of  tlus  compound  a  tjuantity 
of  arsenic  acid  equal  to  that  which  it  contains,  a  deliquescent  salt 
(^aII,A.S0„II,O)  is  procured,  which  crystallizes  with  ditlindty. 
The  corresponding  potassium-salt  crystaUizes  in  bold  brilliant 
octohedral  crvstaLs  (KII,AsO,):  it  is  readily  pre])ftred  liy  deHa- 
gratinji  equal  [tarts  of  arscnious  anhydride  and  iiitie,  then  dis- 
Bolvint;  the  residue  in  water,  and  allowing  it  to  crystallize.     All 
these  salts  ma}'  be  rendered  anhydrous  by  heat,  but  when  redis- 
erjlvud,  the}'  recover  their  ba.-;ic  water.    An  ai-seniate  of  jiianitcsium 
ftnd  ammonium  {H,NMgAbO„  tJ  H,0)  may  be  ])rocured  in  the 
form  of  prismatic  crystals  isoniorphous  with  the  corresponding 
phosphate,  by  mixing  a  solution  of  sulphate  of  magnesium  con- 
thitiing   an  excess  of  aiumonia  with  a  neutral  or  ammoniacal 
solution  of  an  arseniate  of  one  of  the  alkali-metals:  it  is  some- 
tiines  used  as  a  precipitant  for  ai-senic  acid  ;  it  is  very  sparingly 
soluble  in  weak  ammoniacal  Bolutiourt:  when  dried  at  212^  it  loses 
11  Aq,  and  the  dried  salt  contains  riO'52  parts  of  arsenic  aidiydride. 
A  hriek-red  triba-sic  arseniate  of  silver  (Ag,iVsO,)  is  prcfii»itated 
when  any  arseniate  iu  solution  is  mixed  with  a  solution  of  nitrate 
<'f  silver  :  it  is  readily  soluble  in  excess  either  of  nitric  acid  or  of 
'Wiiioiiia,  and  is  characteristic  as  a  test  of  arsenic  acid.     The  ar- 
seniate of  copper  (^u II AsO,)  is  of  a  pale  greenisb-bhio  colour: 
"loarseniates  of  calcium  and  lead  are  white;  wliilst  ferrii'  and 
•^i^nic  salts  give  yellowish  white  Hi"seniates:  all  these  are  readily 
^''hiljle  in  excess  of  diluted  nitric  acid. 

(S42)  SuLPUiDHS  OF  Ak.sknic. — Ai-seiucnm  and  sulphur  may  be 
^3eltt'd  together  in  all  proportions ;  but  tliey  form  several  well- 
^Hjflned  compounds:  of  these,  the  most  inqjortant  are  realgar, 
^«,S,;  orpiment,  As,S, ;  and  t!ie  peutasulphide,  or  sulpharseuic 
anhydride,  As,S». 

AW/yc/r  (As,S,  =  2M,  or  Biml-phide  of  arsenic,  AsS,  =  107) ; 
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Sp.  Or.  S'356. — Thifl  eulwtance  va  occagionnlly  f  i 
mby-rt»d  prismatic  cn'i>tal8  ;  it  may  be  preparetl  .  brl 

heatiug  togutlior  U  pjirte  of  arsenicuin  and  4  of  sulphur,  <*  19* 
parte  of  areeuiouB  anhydride  witli  112  of  eiilpliur  ;  2  As,^, +  TJ 
S  =  2  As^S,  +  3  SO,.'  WJien  lieate<i  in  closed  vessels,  i 
melts,  and  aftx?rward8  is  sublimed  without  decomposition. 
siibliiniHi  mass  ia  Lard,  brittle,  transparent,  and  of  a  beftuttfid 
red  colour.  Itealgar  is  insoluble  in  water:  it  is  rt-jirlily  «ttii  " 
by  nitric  acid  and  by  a^jua  regia,  but  not  by  hydrnchb«rip 
Bulphide  of  potassium  disfiolves  it  and  forms  a  (!• 
Caustic  potash  decompoeee  it,  leaNTng  a  bntwn  ^ 
arsenic  (As„S)  undi.*soived.  Koalgar  is  one  of  the  ingredient*  i 
rehiie  Indian  Jire,  which  is  often  used  as  a  signal  light  :  it  is  ( 
posed  of  a  mixture  of  7  parts  of  sulphur,  2  of  realgTir,  and  24  of  nit 
SulphaT$eniov4tanhydrid'f,  or  Orjnment  (As.,S,:=246,  ur  A«8,^ 
133);  Sp.  Gr.  3'4S:  Comp.  in  l(X>/wrfo,  As,  60-98:  S.  3i»1fiJ 
Orpiment  is  occai^ionally  found  native  in  crystals  which  have  ' 
same  form  as  thc>se  of  realgar — viz.,  the  oblitjue  rlioml>ic  pris 
tlicse  crystals  are  flexible  ;  they  have  a  yellow  colour  and  a  bi 
liant  lustro.  It  may  be  prepared  artificially  by  trauftmitting  j 
current  of  sulphuretted  hydrtfgen  through  a  solution  of  arseiu'o 
acid,  or  of  any  of  tlie  arsenites,  in  hydrochloric  acid  ;  it  then  " 
as  a  brilliant  yelhtw  amorphous  jKiwder.  If  the  solution  he 
dilute,  part  of  the  suli)hide   is    rrtained  in  solution.  " 

iellow  liquid;  by  exposure  to  the  air  the  excess  of  sis  _ 

ydrogen  escapes,  and  the  sulphide  is  gradually  and  co«j]>lctdj 
deposited. 

Orpiment  is  insoluble  in  water  and  in  dilute  acidft,  bat  itj 
decomposed  by  nitric  acid  and  by  aqua  regia.     It  fns«s 
and  when  heated  in  air  bums  with  a  pale  blue  flame.     In  do 
vessels  it  may  be  sublimed  without  undergoing  di«coni]K>sitia 
Ammonia  and  the  fl.xed  alkalies  diss<ilve  it,  and  fi>nn  t'olourlfl 
solutions  containing  an  alkaline  arsenite  and  sulpharsenite. 
ammoniacal  sidutiou  is  sometimes  used  for  dyeing  yellow,  stucel 
e-V]x»sure  t<>  air  the  ammonia  evaponites,  leaving  the  yellow 
phidc  tirmly  adherent  to  the  fibre.      Orpiment  is  also  soluble 
solution  of  sesipiicarbonate  oi ammonium.   This  sulph ide  of  s 
is  a  feeble  sulidiur-acid,  so  that  sulphide  of  amuumium  and 
sulphides  of  the  alkaline  metals  in  solution  dissolve  it  easilv,  til 
form  doulde  sulphides,  which  are  decomp<">sed  on  the  addition  i 
an  acid.     Or]>iment  is  the  colouring  ingre<Iicut  in  tLe  pigni<!B_ 
calletl  Kintjn  yrllmc,  which  is  a  mixture  of  arsenious  anhydride 
with  this  sulphide. 

SaJphnrseni*;  anhydride  (Afi,S,=:310,  or  AsS,=rl55): 
in  ICH)  pitri^.  As,  48-8y ;  S.  51 '61. — Pfutasulphid^}  of  artenk.  i 
is  sometimes  called,  corresponds  in  composition  to  arsenic  « 
dride.     AVhen  a  stream  ot  sulphuretteti  hydro^n  is  transniit 
through  a  solutiiui  of  arsenic  acid,  a  yellow  precipitate,  nesetnhli 
orpiment  in  aj>|>earance.  a>id  consisting  of  a  mixture  of  orpinw 
and  sulphur,  is  very  gradually  separated  (Rose).     But  bv  dcoo 
poeiug  a  diUixe  &<\ueouft  soYmAaoti  »A  xVxfc  %^>^\\«»alt  <Xa.,Aa^Jt  ^7 ' 
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ition  of  an  acid,  a  bright  yellow  precipitate  of  As,S,  ia  obtained 

jn  the  application  of  heat,  the  pcntasulphide  fuses  into  a  dark 

lid.  and  forms  a  reddish-yellow  glassy  enbstance  as  it  cools; 

jay  l»e  sublimed  in  clo^d  vessels.     It  is  sohible  in  the  caustic 

^kalies,  decomposes  the  carbonatei*  with  etforvt'St-euce  if  boiled  with 

their   S4ilution8,  and   forms  crystal lizable   comitounds  with   the 

6ali>hides  t»f  the  metals  of  the  alkalies  imd  alkaline  earths.      The 

Bum  sulphur-salt  may  be  procm-ed  by  satiinitiup  a  solution  of 
jartoof  soda  (reckoned  as  !Na,0)  witli  sulphuretted  hydnjj^en, 
infj;  an  equal  rjiiantity  of  soda,  and  then  dissolving  20  parts  of 
oqjiment  and  7  of  sulphur  in  the  liquid  by  the  aid  of  heat;  on 
evaporation,  the  sodium-salt  is  obtained  in  pale  yellow  crystals. 
The  sulphur-salt  of  potiis-siuni  (2  K,S,As,S^)  may  be  made  by 
transmitting  sulpliuretted  hydrogen  through  the  solution  of  the 
dibasic  arseniate  of  pcjtassium.  When  an  aqueous  solution  of  this 
Bulphur-salt  of  arsemc  is  mixed  witli  alcohol,  it  undergoes  decompo- 
sition, and  by  evaporating  the  alcoholic  solution,  after  eeparatm^ 
the  insoluble  portion  by  filtration,  a  still  higher  sulphide  (AsS,) 

r  obtained  by  Berzelius,  in  brilliant  yellow  crystalline  scales. 
(843)  CoifPorNDS  OF  Ausi-Mc  with  IlYiiROfjKN. — Arsenic 
forme  two  combinations  with  hydrt»gen ;  one  of  these  is  solid  at 
ordinary  temi>eratures,  aud  of  a  chestnut-brown  colour;  it  ia 
obtained  by  eniph»ying  a  plate  of  arsenicum  as  the  platinode 
during  tlie  voltaic  decornpositii>n  of  acidulated  water ;  its  composi- 
tion has  not  been  accurately  deterinineiL  The  other  is  a  ^aseoua 
(H.As)  of  consideralde  inqtortance ;    it  corresponds  in  com- 

to  the  gaseous  fdiospluiretted  hydrogen. 
rhydridf  of  arsenic  j  Aren't ureited  hijdroff^jt  (IT.As^TS) ; 
tic  Sp.  Gr.  2-C45,  OUervcd,  2-H05 ;  Mol.  vol  QJ.— Thia 
remarkable  gaseous  compound  is  an  exceedingly  poisonous  body ; 
it  is  colourless,  and  has  a  foetid  alliaceous  odour;  it  is  sparingly 
soluble  in  water,  and  possesses  neither  acid  nor  alkaline  qualities. 
It  consists  of  1  voUuiie  of  arsenical  vapour  and  0  volumes  of 
hydrogen  condensed  into  4  volumes. 

The  composition  of  the  gas  may  be  thus  represented — 

Bj-  wvl^bL        Hf  Tnlnme  8p.  Of. 

AiBenic         As         =     1h  or  961 6     1  or  0  26     =     25417 
Hydrogen      H,         =       3  3-86     6        15       =     01036 


AaU,     —    78      10000     1        10       =     26463 

By  a  temperature  of  —40°  it  ia  reducible  to  a  limpid  colour- 
leBs  liquid,  which  remains  liquid  at  — 10*'."  F.  Aiveniuretted 
hydrogen  is  inliamniablc,  and  Imrns  with  a  bhiish-wbite  flame, 
which  depftsits  arsenicum  upon  cold  liodlcs  introduced  within  it, 
and  arsenious  anhydride  upiju  those  lieM  above.  It  is  also 
decomposed  when  caused  to  pass  through  tubes  heated  to  a 
temperatm-e  a  little  short  of  redness,,  arsenicum  being  deposited 
as  a  steel-grey  cinist,  whilst  hydrogen  gas  escapes :  it  a  current 
of  dry  sulphuretted  hydrogen  b«  trunsraitted  over  the  heated 
crust  a  yellow  subtiiuatc  ot"  sulphide  of  arsenic  is  formed,  which 

lot  acted  on  by  a  current  of  ury  hydrochloric  acid  gas.     These 


red  on  by 


I 


i 


A 1 


586 


OBASACIBBa   OF   THE   COMPOUNDS  OF    ASSESIC. 


reactions  diatinguish  the  areenical  from  the  Antimonial  ernrt, 
which  by  similar  treutmeiit  gives  a  dark  orange-colotired  snlpbide 
decomposable  by  a  current  of  dry  hydroehlori'         '  ''' 

decomposes  arsenluretted  hydrogen  with  tl.^ 
chloric  acid,  and  cau*iii<x  the  deposition  of  a  h.»lii]   L.rovMi  byiiji'ie 
of  ardenic.     Concentrated  nitric  acid  also  aWorlw  the  {;a.s  chiui* 
pletely,  whilst  arsenic  acid  is  formed.     Thi*  ens  is  entirely  ab-| 
sorhed  hy  a  solution  of  sulphate  of  copper,  sulphoric  acid  bein« 
liberated,  vvhil-st  arsenide  of  copper  is  precipitated.     Nitratr  xl 
silver  is  also  decomposed  by  arseniurctted  hydrogen.     Solution  J 
of  corrosive  suldiinate   likewise  dissolves  it  completely,  a  chu* 
poutid  of  calomel  and  arsenide  of  mercnr}-  heinif  fi>rnifd.     It 
also  largely  absorbed  by  oil  of  turpentine,  with  which  it  fumu 
wystalliiie  compound, 

Pure  ai-seniuretted  hydrogen  may  be  prepared  by  decoinp«»-1 
ing  with  sulphuric  acid  diluted  with  three  pnrta  of  water,  an 
arsenide  of  zinc,  obtained  by  heating  equal  weights  of  jMiwilervdj 
ftnjeuicum  and  gi-anulated  zinc  in  an  earthen  retort;  the  iu**>l 
mass   is  removed   by  breaking  the  retort,  and   is  subsetim! 
powdered.     The  greatest   care   is   required   not   to  inhale 
portion  of  this  demliy  gas. 

(844)  TEKcnr.omoE  of  Arsenic  (AsCl,  =  181'5):  Sp.  Or  of^ 
vapour,  fi-3 ;  of  liquid  at  32°,  2-20."j ;  Boiling-pi.  270°.    21 

vol.   I    I    ]■ — Only   one  compound   of  arsenic   with    chl .•    .. 

known.     It  is  produced  either  by  the  combustion  of  tlit?  inetd  in{ 
chlorine,  or  l»y  distilling  a  mixtm'c  of  one  part  of  aisonir  ' 

6  parts  uf  corrosive  sublimate,  or  still  more  easily  by 
arsenious  anhydride  in  a  current  of  dry  chlorine  gas:  it  ctnult 
as  a  heavy,  colourless,  oily-looking  li<iuitl,  whieli  remains  li<jn 
—  20°  ;  it  fumes  when  exposed  to  the  air,  and  is  iifimctliately 
composed  by  water  into  arsenioua  and  hydrochloric  aeitl*. 

TKaroorDE  of  Arsenic  (AsI,  =  456 ;  Sp.  Gr.  4*39)  may  he  pr 
pared  by  subliming  a  mixture  of  3  parts  of  iodine  and  1  nart  of 
the  metal  in  a  tiask  ;  it  forms  brick-red  brilliant  flakes.  It  mu| 
also  be  obtained  by  digesting  3  parts  of  powdered  arsenicum  ami 
10  of  iodine  in  100  of  water;  on  evajKiration  the  clear  liijuiJ 
yields  red  hydrated  crystal*,  which  becotne  anhydn^MS  wiiv* 
ueated  to  their  fusing-poiut:  it  is  solidile  in  alcohol. 

A  terhromide  may  be  formed  by  aualoo;ou8  means  ;  it  is  a  cn*»^ 
talHne  solid  at  all  tomperatui'ee  below  <18  ,  of  sp.  gr.  3'C(J ;  il  liotli 
at  428°. 

The  Urjimtride  may  be  prepared  by  distilling  5  ii;i  ' 
spar,  mixed  with  4  of  jirsenious  anhydride  and  lUof  < 
sulphuric  acid.     It  is  a  fuming  colourless  liquid,  which  rapi 
corrodes  glass,  and  is  decomposed  by  water. 

(84.'>)  Chakacteks  of  the  IVimi'ouxds  ok  Aksknic. — Ai>enieun4 
forms,  with  most  of  the  metals,  alloys  which  are  geiu;rally  brittlu 
and  easily  fusible.     The  e<niipounils  of  tliis  metal  are  all  hifflilv 


% 


tlie  substance  winch  has  the  best  claim  t 
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poisonous 

*  Por  a  ftin^ilor  stiitcmont  rfspuotintt  tho  nr«enic  cnt'-^r'  of  Stj'n  '  r  III 

refurred  to  a  paper  by  Mr,  lleUoh,  iu  tlie  PliArma(«uU  lor  May,  MW>,  ^W 
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n  antidote  to  it,  is  tly?  t'rcshly-precipitated  hydrated  sea- 

?|ui()xide  of  iron,  wliich  sljonld  bo  suspended  iu  water,  and  given 
reely,  as  caily  us  possible  after  the  poison  has  Ijeon  swallowed. 
It  is  otilv  ttpplienbie  when  ar&enic  or  ai-senious  acids  have  been 
taken  aiieoinbined  with  bases,  as  it  fonnd  an  insoluble  arseniate 
of  ij'ou  ;  the  ai-penious  acid  being  partially  oxidized  by  the  excess 
of  hydnited  peroxide,  which  is  thereby  redueed  to  the  form  of 
pro^^oxitie  of  iron.  Calcined  niajinesia  may  be  useil  if  tlte  oxide 
of  iron  be  not  at  hand.  In  Ciiscs  of  arsenical  poisoninjcr,  pntrefac- 
tion  of  the  boily  after  death  is  retarded  in  a  renuirkable  degree ; 
indeeil,  in  several  iristances  where  the  body  lias  been  disinterred 
Bevcml  months  after  death,  it  has  been  found  to  have  been 
Buffieiently  preserved  from  decay,  to  allow  many  of  the  ]irincipal 
viscera  to  be  distinpnish'ed.  In  tlieso  cases  it  has  not  unfrequently 
happened,  that  yellow  patches  of  sulphide  of  arsenie  have  been 
observed  in  variDUij  parts  of  the  uliinontary  canal,  nltliDiigli  it  haa 
been  ascertained  that  the  ywison  had  been  swalhiwed  in  the  form 
of  white  ai-swnie.  These  patches  of  or|)iment  are  occtisioned  by 
the  disengagement  of  sulplniretted  hydrogen  from  the  decompo- 
sition of  the  tissues,  by  which  the  ai-sonions  anhydride  becomes 
partially  converted  into  the  sulphide  of  the  metal. 

Arsenic  can  be  identiiied  in  quantities  so  minute  as  to  be  in- 
appreciai)lo  by  the  balance.  In  minerals  which  contain  it,  its 
presence  is  revealed  by  the  peculiar  garlic  ndonr  which  it  emits 
when  a  fragment  is  heated  in  the  reducing  Hanie  with  carbonate 
of  sodium  on  charcoal,  U-fore  the  hl^fwpipe.  When  in  solution, 
the  comjii.mnds  of  ai-senK'  may  be  detected  by  transmitting 
through  tlie  solution,  acidulated  with  hydrochloric  acid,  a  stream 
of  suljjh'i I'fitted  hydrixjeii  for  six  hours ;  a  yellow  prcci])itate"is  thus 
proda«;ed  wliieh  must  be  ftirtlier  examineid  as  follows:  the  li<|uid 
must  be  exposed  to  a  temperature  of  about  100°  F.,  in  a  shallow 
vessel  fi^r  six  hours,  to  allow  the  gas  to  escape,  and  tlie  jirecipi- 
tate  to  subside  completely  ;  the  dear  liquid  must  be  decanted,  and 
the  preci|>itato  collected  on  a  small  filter.  A  few  drops  fif  ammo- 
nia will  dissolve  it,  and  on  evaporating  this  solution  in  a  M'ateh- 
glass,  by  means  of  a  water-bath,  the  sulphide  of  arsenic  will  be 
left.  This  substance  is  then  subjected  to  the  prooess  of  reduettan, 
by  mixing  it  with  three  times  its  bulk  of  black  flux,*  or  with  a 
mixture  of  one  part  of  cyanide  of  pota,ssiutn  and  8  parts  of  car- 
bonate of  so<lium,  previously  well  dried,  and  introducing  it  into 
a  glass  tube  of  tlie  diameter  of  a  cttmrnuM  quill,  care  beiiig  taken 
not  to  soil  the  sides  of  the  tube.  The  mixture  is  heated  strongly 
by  the  blowpipe,  and  the  arsenic  is  condensed  as  a  brilliant  mir- 
r«>r-like  ring  of  steel-grey  lustre  in  the  upper  ]>art  of  tlie  tube. 
The  reaction  which  occurs  when  black  tlux  is  used,  may  be  repre- 
sentee! as  follows:  2  As,S,  +  6  K,eO,  -f  6  O  =  As.  +  6  K.fe  + 

6  eo  +  fi  eo,. 

Sulphide  of  cadmium  gives  a  yellow  precipitate  with  sulphur- 

ette<J  hydrogen,  but  it  is  instduble  in  annnonia:  stannic  salts  also 

*  A  mixture  of  carbonate  of  pntassium  ood  charcoal  obtained  by  deflagrating 
Mltial  weights  of  cream  of  turtur  aud  uitre  iu  •  red-iiot  earthen  cmcible. 
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fr'ivo  a  yellow  precipitate  with  fiulpliuretted  hvdrogeiu  bm  mi 
metallic  eubliuiate  wiien  tbey  are  submitted  to  tlie  prvce»»t're-] 
ductioQ. 

In   addition  to  the  preceding  teste,  arBcnious  acid  imv  \h\ 
readily  detected  in  a  neutral  svdution,  bj  the  pnxluction  of  aTfl«| 
li»\r  precipitate  with  the  amrnonia-nitraU    of  gilvfr.     Tliis  rej 
a^eiit  18  jirepared  by  adding  aniniunia  to  a  solutiuu  of  nitmte  ( 
silver  in  very  slight  excess,  m  as  nearly,  but  not  entirely,  to  redii 
Bolve  the  precipitate  of  oxide  of  silver  whieh  is  at  finst  forraedi 
tlie  clear  liquid  ia  decanted  for  use.     The  yellow  jirecipitato  ij.  an! 
arseiiite  of  silver,  whieh  is  freely  aolnble  Ixith  in  aniniunia  ami  is  I 
nitric  acid.     As,  however,  the  tribasic  phosi>hates  «^ve  a  yell'/f  I 
precipitate  with  ammonia-nitrate  of  silver,  and  thi:*  prfcipitate  i 
also  18  Boluble  both  in  niti'ic  acid  and  anitnonia,  a  second  t»t 
should  be  tried — viz.,  the  amrnonia-SHlphai^  of  coppfr,  wb--'^ 
prepared  from  a  solution  of  Bulj)hate  of  copper,  by  the  mii 
(»f  aininonia,  with  tlie  same  precautions  as  tliot^e  prerMriln 
the  ["reparation  of  the  silver  test.     In  neutral  !.ulution!i  o.m  ■    , 
ing  arseuious  acid,  this  copper  tesit  occasions  a  jj;reen  ; 
consisting  of  areenite  of  copper:  it  is  soluble  both  in  > 

and  in  acids.  The  arseuites  of  silver  and  copper  are  forineii  im- 
mediately that  the  tests  are  added ;  the  sulphide  of  arsenic  <t">=* 
not  appear  at  first  if  tlie  metal  be  present  as  arsenic  acid,  ;i-  tli' 
compounds  of  arsenic  acid  are  decomposed  by  hydrosulphnn'c  I'l  I 
more  slowly  than  those  of  any  other  metal  which  is  preoij>i!;il  >- 
by  this  reagent. 

(84r6)    Search  for  Arsenic  in   Organic  Mix(urc$.  —  In  th# 
greater  number  of  cases,  however,  where  the  search  fur  ;u-  • 
becomes  imiwrtant,  it  is  mixed  with  articles  of  diet,  with  tin. 
tent^  of  the  stomach,  or  with  other  matters  of  organic  •irii::  . 
which  render  preliminary  measures  needful  in  order  to  get  rul  "1 
them.    If  the  substance  be  in  the  liquid  fonn,  anv  sediment  which 
it  may  contain  must  be  examined  for!H>lid  particles  of  nudiViMi^i 
arsenious  anhydride,  which  are  frequently  found,  and  to  whic'i 
the  preceding  te*t*  are  readily  applied.     If  any  solid  ] 
arsenious  anhydride  be  found,  their  reduction  is  easily  1. 1 
draw'ing  oif  a  tube  to  the  thickness  of  a  erowquilL,  sealing  I'lw 
end,  dropping  in  the  suspected  fragment,  adding  a  minute  (|Q»ii- 
tity  of  dried  carbonate  of  eodium,  and  tlien  a  few  small  fragments 
of  charcoal ;  upon  ignition,  the  metal  ie  sublimed,  and  may  bo 
recognised  by  the  steel-grey  ring  which  it  forms  in  the  cool  p<'f- 
tion  of  the  tulje. 

If  no  solid  particles  of  the  anhydride  be  visible,  the  liquid  i» 
boiled  and  liltered,  and  divided  into  three  jKirtious,  one  of  whicli 
is  set  aside  in  case  of  accident. 

A  second  portion  is  submitted  to  lielnM'fCH  tr*t ;  it  is  for  thi* 
purpose  acidulated  with  about  -^  of  its  bulk  of  pure  hydriH-hlorie 
acid,  and  boiled  with  bright  slips  of  pure  elect.rot\-pe  copper  f"il 
for  half  an  hour.*     If  any  arsenical  componn<l  l)e  prHs«?iil,  the 

*  Dilute  iolationn  of  arsenioM  Mid  in  hydrocblorio  acid  may-  be  eraponttvd  Mo« 
113"  without  loM  of  cfakwida  of  VMBic^  but  if  the  mixture  be  distilled  to  Arpinm  u 
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jtal  trill  be  redncerl  nf»nn  the  surface  of  the  copper  foil.     The 

♦ipptr  is  Iht'ii  witlidniwn  from  tlie  liquid,  washed,  dried  at  212°, 

and  introduced  into  ft  narrow  ehis**.  tube  (of  about  the  diiiineter 

of  t»  <|Tiill ),  whidi  is  then  drawn  out  to  a  capillary  neck,  taking 

care  not  to  heat  the  copper  foil  in  this  operation.     The  tube  is 

"lown  in  fig.  347.     The  foil,  and  the  portion  of  the  tube  which 

>ntaiu8  it,  are  then  heated 

learly  to  redness ;  the  ar-  Fio.  34T. 

senic  combines  with   oxy-         

gen  derived   from   the  air 


in  the  tube,  and  it  eonden- 

in  beautiful  transparent 
tohedra  of  arseuions  anhydride  on  the  contracted  cool  part  of 
the  tube.  The  same  experiment  mtigt  be  first  tried  with  tne  cop- 
per and  hydrochloric  acid  employed  alone,  in  order  to  ascertain 
their  purity,  before  employing  them  as  tcstB.  The  presence  of 
nitrates  or  of  chlorates  interferes  witli  the  n]>plication  of  Reinsch's 
test,  as  the  copper  foU  becomes  dissolved  when  boiled  with  the 
aciduh»te<l  solution  under  these  circumstances.  If,  however,  the 
li(juid  be  first  acidulated  with  an  excess  of  hydrochloric  acid, 
Mui  be  evaporated  by  a  jrentle  heat  on  a  water-bath,  the  residue 
may  Ite  subjected  to  feeinsch's  process  as  usual.  A  slip  of  metallic 
copj>er  occasions  precijiitates  m  many  metallic  solutions  when 
acidulated  with  hydrochloric  acid  ana  boiled  with  them :  such, 
for  example,  an  anlimony,  bismuth,  tin,  silver,  mercury,  lead,  and 
cadmium :  caduuum  is  not  precipitable  from  a  strongly  acid  solu- 
tion. Of  these  precipitates  mercury  is  the  only  one  which,  like 
arsenic,  is  volatilized  by  heat  in  the  metallic  form,  but  the  subli- 
mate, when  viewed  witli  the  microscope,  is  seen,  if  mercurial,  to 
consist  of  globules,  and  is  thus  easily  distinguished  from  arsenic, 
"toreover  the  arsenical  crust  by  resublimation  is  converted  into 

mlous  anhydride,  whilst  no  such  change  takes  place  with  mer- 
eury.  Antimony  liecomes  oxidized,  and  sublimes  with  difficulty 
in  needles,  not  in  octohedra,  and  may  be  identified  in  the  manner 

jribcil  at  p.  602, 

The  third  portion  of  the  liquid  is  subjected  to  MarsKa  test: 
the  application  of  this  test  depends  upon  the  formation  of  arse- 
niuretted  hydrogen,  and  the  subsequent  deposition  of  arsenicnm 
from  it  by  suitalde  application  of  heat : — A  wide-mimthod  flask, 
fig.  348,  of  about  6  oz.  capacity,  is  charged  with  a  little  pure  gra- 
nahited  zinc;  through  the  cork  a  tube  funnel  is  parsed  to  within 
an  inch  of  the  bottom  ;  a'bull»  tube,  bent  to  aright  angle,  passes 
lo*t  through  the  cork,  the  outer  horizontal  tube  c,  being  lo<Jsely 
nllcil  with  chloride  of  calcium  to  aiTcst  any  particles  of  fluid 
which  might  be  carrieil  un  by  the  etiervescence ;  it  is  prolonged  by 
fitting  into  it  with  a  cork,  a  piece  of  German  tube,  a,  free  from 
lead  and  drawn  out  to  a  capillary  termination.     Some  distilled 

•  retort.    '  -  -"— -'^ ^  -r-  [n  Uio  last  portiona,  and  may  th»a  be  serrated 

from  ni  tc  ma;  then  )>c  submitted  to  Roinscb'a  orMarab'a 

t«at.     I  vi^.'tbod  of  proceduro  iu  i]MB7  oaaea.    Sea  »  papei 

by  r»r.  'iJijior,  iu  Guy't  llurp  Jtrj^rrlt,  voL  Tu 
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water  is  next  introduced  bj  the  funnel,  and  ii little  pnre siil|iljii 
iicid  added  to  cause  a  steady  evolution  of  hydrop-n.    WlieJif 
file  litinospheric  air  isexipelled,  the  flame  of  a  spirit-lamp  i*  pU 
under  the  point  where  the  eapilhiry  contraction  commences: 


Tia.  S48. 


T 


after  t«n  minutes,  the  temperature  of  the  glass  being  at  «  rrf 
heat,  no  indications  of  any  metallic  deposit  8ho\r  thenisielvf-  *' 
materials  used  are  sufficiently  pure.     Whilst  tlie  heat  is  still 
fained,  the  suspected  liquid  is  to  be  poure<l  throngii  the  funm 
into   the   bottle;    if  arsenic    be  present,   immediate  vulfaic 
com]>osition  ensues,  part  of  the  arsenic  combines  with  the  n 
liydn:>tien ;  arseniuretted  hydrogen  is  formed,  and  llie  gas  i# 
comjinsod  as  it  passes  through  the  heated  tul>e,  the  metal  being 
deposited  iu  the  form  of  a  steel-grey  ring  just  beyond  tijo  -p'lt 
where  the  heat  is  applied.     If,  mstead  of  heating  the  cap'll*'"^ 
tube,  the  gas  be  kindled  as  it  escapes,  it  will  be  found  to  bur: 
the  peculiar  flame  of  arsenic  if  the  quantity  be  at  all  eonsiil. 
and  if  a  piece  of  cold  white  porcelain,  sucli  as  a  crucible  lid.  \)C  in- 
troduced into  the  burning  jet,  the  more  combustible  hydrogen  '» 
burned,  and  brown  or  grey  mirror-like  spots  of  reduced  arsenic 
may  be  obtained  upon  the  cold  plate.     Tartar-emetic,  if  pre^nU 
would,  however,  j^rodnce  antimoniuretted  hydrogen,  whicu.  bvici 
decomposition,  would  give  rise  to  ajipearances  in  the  tube  and  on 
the  porcelain  reseiuliling  those  of  ai-senic.     The  antiujoiiial  rp<.>t» 
immediately  disappear  when  a  drop  of  sulphide  of  ammoniiini,  in 
which  a  little  sulphur  is  dissolved,  is  added,  and  the  solution,  bv 
its  spontaneous  ev.iporation.  leaves  the  orange-colouretl  wulplii*!* 
of  antimony ;  but  the  arsenical  crusts  are  scarcely  acted  on  l>y  the 
sulphide  of' ammonium  (Dr.  Guy).     Tlie  chief  practical  diffioulty 
in  the  use  of  Marsh's  test,  arises  from  the  inconvenient  way  in 
whicii  liquids  containing  organic  matter  frequently  froth  up  dnr- 
ing  the  operati4>n.      The  liest  method  of  preventing  this  r..'    -• 
in  lirst  heating  the  Puspected  liquid  with  about  a  tentii  of  it> 
of  In'droehloric  acid,  and  adding  a  small  quantity  of  chlnratf  ul 
j>Otaasiura:  the  organic  matter  is  tlm-  .l.^ifr..v«'<i,  and  .'(l>i'r  tlia 
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inul  has  become  cool,  it  may  be  safely  added  to  the  zhic.  and 
ll'hnric  acid  in  the  apparatus. 

The  process  by  sulplmretted  hydrogen  and  snbeeqnoiit  reduc- 
tion 16  extremely  delicate,  and  nnen  to  no  objection  exceiit  the 
length  of  time  required.  Marsh  s  test  is  one  of  extraordinarv 
delicacy,  and  tlie  results  areestsily  and  quickly  attained  :  Reinsch  a 
tefct  is  also  easy  of  application,  and  is  extremely  delicate  ;  but 
thev  act  very  slowly  wlicn  the  arsenic  is  in  the  form  of  arsenic 
acii.  The  arsenical  crusts  depoi^ited  in  the  glass  tube  are  readily 
sublimed  by  a  gentle  heat,  and  may  l>e  converted  into  aisenious 
anhydride,  which  forms  brilliant  minute  octohedral  cryfttalti,  and 
these  again  may  be  subjected  to'tlie  test  of  the  ammonia-nitrate 
of  silver. 

Althongh  it  may  not  be  possible  to  detect  arsenic  in  the  fluids 
Bubmitted  to  examination,  it  not  unfrenuently  happens  that  the 
eoftts  of  the  stomach,  and  sometimes  the  liver,  will  yet  contain 
the  poison  in  sufficient  quantity  to  render  its  identification  prac- 
ticable. The  best  iTiode  (tf  proceeding  in  this  case  consist.s  in 
cutting  up  the  organ  into  shreds,  heating  it  on  a  water-l»ath  with 
a  fourth  of  its  weight  of  hydrochloric  acid,  the  mixture  being 
diluted  with  water  till  it  becomes  of  the  consistency  of  a  thin 
paste.  It  may  then  be  subjected  to  Reinsch's  process,  or  it  is  lit 
lor  trial  in  Marsh's  apparatus.  Fresenius  and  Von  Babe  {Liehig's 
Ann.  xlix.  287)  prefer  to  a<ld  to  the  original  mixture  of  hydro- 
chloric acid  and  organic  matter,  small  portions  of  chlorate  of 
potaseium  from  time  to  time  until  a  lionntgeneous  yellow  liquid 
IS  obtained ;  when  cold  it  is  tillered  through  linen,  the  residue 
well  war^hed,  and  the  clear  liquid  is  concentrated  by  evapctratinn 
by  a  heat  not  exceeding  that  of  the  water-bath.  In  this  case  it  is 
uec«^5sary  sulwequently  to  reduce  the  arsenic  acid  in  the  liquid  to 
argenious  acid  by  means  of  a  current  of  sulphurnus  acid  gas. 
Thev  then  heat  gently  to  expel  the  excess  of  enlphnrous  acid, 
prtHiipitate  the  arsenic  by  Bulpiiuretted  hydrogen,  collect  the  pre- 
cipitate on  a  small  filter,  wash,  dissolve  out  the  sulphide  of  arsenic 
with  ammonia,  evaporate  the  solution  on  a  watch-glass,  and 
re<iuce  the  sulphide  by  mixing  it  with  about  12  times  its 
weight  of  a  mixture  of  3  parts  of  dried  carbonate  of  sodium  and  1 
of  cvanido  of  potassium,  and  heating  it  in  a  very  slow  current  of 
dried  carbonic  anhydride,  sis  shown  m  fig.  34!l,  in  which  a  repre- 
sents a  fliL^k  containing  fragments  of  marble  from  which  the  car- 
bonic anhydride  is  disengaged  by  the  addition  of  hydrochloric 
acid  :  b  contains  oil  of  vitriol  in  order  to  dry  the  issuing  gas;  the 
BTBcnicjil  mixture  is  placed  in  the  bend  of  the  tube  c,  and  the  metal- 
lic crust  sublimed  into  the  contracted  part  of  the  tube  at  d.  This 
process  is  tedious  and  complicated,  and  not  suj)erior  to  Reinsch's 
if  the  latter  be  conducted  with  due  care.  A  very  delicate  mode 
of  detecting  the  pregence  of  arsenic  is  afforded  by  the  action  of 
the  voltaic  current,  wliich  may  be  applied  without  difHcnlty  by 
iwloptiiig  the  precautions  recommended  by  HIoxanW(>.  ,/.  i'hrm. 
Soc.  xiii.  12).  The  galvanic  process  has  the  advantjige  of  being 
applicable  to  the  detection  of  various  other  metallic  poisons  if 
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arsenic  be  absent,  as  nothing  ib  introduced  whidi  interferes 
their  identiticatioii  gubeequently  1>j  appropriate  teRl& 

(847)  Entimathm  of  Arseritc. — It  is  not  easy  to 
accurately,  by  analyidu,  the  quan  .  ty  of  srwnic  proeeat  in  *  i 
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pound :  bnt  .the  followinn;  is  the  plan  generally  adojitcfJ  : — ^1 
metn]  is  preripitated  in  the  form  of  a  suli)hide:  the  nrtx-ipit* 
collected  on  a  wcitrhed  filter,  dried  at  212",  and  wciijheU  :  agivH 
weight  of  the  sulphide  is  then  oxidized  by  tncwtis  of  nitric  aci^ 
(sp.  gr.  l'5l) ;  anrl  when  it  is  completely  dissolved,  tlie  sulphur  i 
precipitated  as  Bulphate  of  barium.     From  the  weight  of  this  pji 
cipitate  the  quantity  of  sulphur  is  calculated,  and  deducted  uvt 
the  total  amount  of  sulphide  of  arsenic  ;  the  ditference  givi 
amount  of  the  metal.     The  9ul]diide  is  apt  to  contain  a  va 
quantity  of  free  sulphur,  and  licnce  this  nieth(Mi    l)f«M>iiies  n( 
8ary.     Before  it  can  be  adopted,  the  absence  of  all  other  moti 
the  sulphide  must,  of  couMe,  be  ascertained.      The  arsenic  aci^ 
in  the  solution  may  further  he  precipitated  as  arscniatc  i>f  tui 
nesiura   and   ammonium,   by  neutralizing   with   aruiaonio,  itoi 
adding  a  solntion  of  sulphate  of  magnesium  coutaining  chh»rii 
anniioniuni  and  animnnia  in  excess:   100  parts  of  this  prect 
dried  at  212^  [2  (H,NMgAHe.),H,e]  represent  39-47  of  me' 
arsenic. 

(848)  Sepnrnfi'tm  of  Arnenic  froTrt  oiln^  J^trltih. — R3- mcj 
of  sulphuretted  hydrogen  and  the  subsequent  solution  of  tlie 
phide  in  sulphide  of  ammonium,  arsenic  in  civsily  separate*!  froi 
all  the  foregoing  metals  with  the  exception  of  those  which  f«i 
soluble  compounds  with  the  sulphides  of  the  alkaline  ni«<tul*. 
solution  of  sesqui carbonate  of  ammonium  ifree  from 
ammonia),  when  digested  ym  tlic  mixed  hydruted  sui, 
senic  and  antimony,  dissolves  tlie  ai-senical  sulpliide  wnly, 
leaves  it  on  evaporation, 

§VII1.     Awtimont:  Sb"'=123.    Sp,Or,67'' 

(849)  Aktimont  is  a  tolerably  nbnndant  »nh»taucc,  atid 
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_..»TS  extracted  from  it#  6ulf)liifle,  tlinugh  it  is  frequently  foinid 
jBo/eil  with  other  metals,  and  is  sometinicji  met  with  iu  the  native 

The  sulphide  of  antimony  usually  occurs  in  a  matrix  of  quartz, 

Iphate  ol  barintu,  and  limestone.     Thecrwie  aniimony  of  coni- 

is  merely  the  sulphide  freed  from  the  greater  part  of  its 

liy  impurities.     This  purification  is  effet-teu  by  placing  the 

n]H)n  the  bed  of  a  reverberatury  furnace,  covered  with  char- 
|oal-[iiiwder.  The  »al])hidc  inolrs,  the  onrthy  impurities  float,  and 
Iieflnid  portion  is  drawn  otf  iiitnan  irifu  Inisin,  and  is  afYerwards 
Bfit  into  litaves  or  cakes.  If  it  be  desired  to  extract  the  metal, 
'ic  sul[iliide  tlui-i  purified  is  redu<-o«l  to  a  coarse  powder,  and  again 
bu'cd  upon  the  bed  of  a  reverberat«)ry  furnace  :  the  temperature 
kay  be  gntdually  rai.'^ed  to  dull  redness,  but  must  ]jc  moderated 
>  prevent  the  mass  fri>m  entering  into  fusion :  in  about  12  houi-a 
Inies  ccjise  \a  rise,  most  of  the  sulphur  is  ex]>elled,  ami  a  red 
kixtiire  of  the  oxide  andsulphide  of  antimony  remains.  During 
iis  proces*  copious  vapours  of  sulphnrous  and  arsenious  anhy- 
rides  are  given  off,  accompanied  by  a  considerable  portion  of 
fcide  of  antimony.  It  is  stated  that  nearly  20  per  cent,  of  the 
tetal  is  lost  during  this  of>eration.  The  roasted  mass  is  now 
^ixed  with  al>out  otie-sixtli  of  its  weight  of  pow<lered  charcoal, 
uule  into  a  paste  witli  a  strong  solution  of  carltonate  of  sodium, 
ad  heated  in  crucibles  ti>  bright  redness ;  the  metal  collects  at  the 
Urttom  ;  above  it  is  a  scoria,  consisting  chiefly  of  a  double  sul- 
ihido  of  sodium  and  autiuioiiv.  This  scoria  is  known  in  the  arta 
\b  tile  crociifi  of  antimony.  The  metal  is  remelted  with  the  scoria, 
Ind  is  then  fit  for  sale.  10<>  parts  of  sulphide  yield  about  44 
parts  of  metallic  antimony,  so  that  in  the  wiiole  process  about 
[luw-ftevenths  of  the  antimony  are  lost. 

On  the  small  scale  the  metal  is  most  easily  procure<l  by  taking 
I  parts  of  the  powdered  sulphide,  3  of  crude  tartar,  and  1^  of 
hitre,  mixing  them  intimately,  and  throwing  the  powder  in  small 
^wrtions  at  a  time  into  a  crucible  kept  at  a  bright  red  heat.  The 
Quantity  of  nitre  employed  is  insutttoient  to  oxidize  both  the  sul- 
phur and  the  metal,  and  the  sulphur  being  the  more  combustible 
'fetnent  of  the  two  is  the  first  to  undergo  o.vidation,  whilst  the 
netal  melts  and  collects  at  the  bottom,  l^neath  the  slag  of  sul- 
'>hate  of  potassium.  Commercial  antimony  commonly  eontams 
c,  iron,  and  often  small  quantities  of  cojiper  and  lead. 
order  to  obtain  antimony  free  from  ai-senie,  Wohler  mixes 
Rfiihately  4  parts  of  finely-powilered  commercial  antimony  with 
*  "if  nitrate  of  sodium,  and  ^  of  anhydrous  carbonate  id'  sodium. 
Hie  mixture  is  heated  to  redness  in  a  Hessian  crucible,  and  the 
'utimony  bums  quietly  at  the  expense  of  the  oxygen  of  the  ni- 
''ife,  After  the  deflagration  is  complete,  the  crucible  is  covered, 
^<1  the  mass  is  kept  for  half  an  hour  at  a  temperature  BuflHoient 
''■'Soflen  but  not  to  fuse  it,  from  time  to  time  pressing  it  down 
*^lh  an  iron  spatula.  It  is  removed  from  the  crucilile  by  means 
||Jaapatnla,  whilst  still  in  a  nasty  condition,  then  pulverized  and 
*irown  uito  boiling  water:  the  solution  contains  the  arseuiate  of 
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Bodinm,  whilst  the  grputer  part  of  tlie  luitiiuui, ; 

mains  iimlis-solvftl,  and  i*  well  washeJ  with  hull 

this  antimotiiiite  of  sodium  the  iiietal  is  extraetfij  by  > 

with  half  ita  weight  of  crude  tai*tar.     The  product  tJm> 

is  an  alloy  of  antimony  with  potassium  :  it  is  broken  Jut*>  titni 

pieces  ana  thro\vn  into  water;  a  copious  diftenc.';"  '"■■■'  '    ♦»  <  '- 

gL>n  takes  place,  the  potassium  is  oxidized  aufl 

alloy  falls  to  jMuvder.      It  still  retains  iron,  and  ^ 

One-third  of  the  mass  i8  converted  into  oxide  hy  m 

acid;  thh  oxide  is  well  wu-hed  with  water,  dried,  and  x 

porated  with  the  powdered  metal  ;  the  mass  is  again  nn' 

covered  cruciltle,  and  ])ure  antimony  is  obtained  beneath  a  Uyiff 

effused  oxide,  which  retains  the  oxides  of  iron  and  lead. 

(850)  Propertk'S. — Antimony  was  well  known  to  the  :il 
mists.      It  is  a  brilliant  bluish-white  metal,  of  a  flaky,  cry^tuiliiii 
texture,  and  so  brittle  that  it  may  readily  be  reduccl  tn  y><.\v<? -r 
It  fuses  a  little  above  a  red  heat,  and  by  slow  eoolin; 
taiued  in  rliomlwhedral  crystals,  which,  according  tc    : 
are  isomorpbius  with  those  of  ar**enicum  ;  but  absolutely 
antimony  crystallizes  with  dilliculty  (Cooke;  Matthiessen). 
commercial  cakes  of  the  jnetal  exhibit  upon  tlieir  upper  surfsu-r- 1 
beautiful  neniiiform  crystalline  structure.      At  a  bright  red  he*; 
it  is  volatilized  slowly  ;  the  operation  is  facilitated  by  transmitting 
a  current  of  hydrogen  over  it.    Antimony  is  inferior  t" 
the  metals  as  a  conductor  of  heat  and  oi  electricity.       ^'. 
posed  to  either  a  moist  or  a  dry  air,  at  ordinary  teinneratu. 
undergoes  no  change,  but  if  heate<l  it  burns  brilliantly,  em' 
copious  white  fumes  which  consist  chiotly  of  antimonic  • 
Pow<lered  antimony  tak&s  fire  spontaneously  when  thr—' 
chlorine  gits ;  bromine  and  iodine  likewise  enter  into  con 
with  the  metal  with  great  evolution  of  heat  when  th-  \ 
into  contact  with  it  at  ordinary  temi)eratnres.     It  1- 
by  nitric  acid  and  by  boiling  suljthuric  acid.      A' 
solves  it  readily.     When  finely  powdered,  it  is  dissoJ . 
hydrochloric  acid  by  the  aid  of  licut,  with  evolution  of  ' 
Metallic  antimony,  when  in  fine  powder,  is  re.ndily  .Ti- 
digestion  with  a  solution  of  one  of  the  higher  aulpli 
sium,  whilst  the  lead,  iron,  copper,  bismuth,  or  iriiv.-r 
may  contain  is  left  undissolved.     Small  (.juantitii^  nl  ., 
and  of  tin,  if  present,  enter  into  solution  with  '' 

AJJnijH. — Tills  metal  is  not  used  alone  in  the  'ff 

into  the  compooilion  of  several  valuable  alloys, 
of  these ;  oruinary  type  is  composed  of  3  or  4  pu 

Rart  of  antimoii}' ;  but  the  alloy  which  is  now  emi 
est  description  of  typo  contains  2  partd  of  lead,  1  ot 
antimony.     Music   typo  contains   tin ;  and   the  c 
met  il  nse<l  for  teapots,  imder  the  Jiame  of  /?/•//' 
sist-  of  equal  parts  of  brasa,  antimony,  tin.  )■ 
iTIic  value  of  the  antimony  in  these  ail 
news  which  it  comunuiicutcs  to  the  com; 
thorn  iucoQveuluntly  britUv,  and  to  the  oxpuutioti  whidi  it 
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npon  them  in  the  Jict  of  soliflifieation,  so  valuable  in  the  case  of 
tj'pe  metal.  Equal  parts  of  antimony  and  lead,  however,  produce 
R  brittle  allnv.  The  compounds  of  antimony  with  zinc  and  with 
tin  are  hard,  wliite.  and  brittle.  A  mixture  of  1:2  parts  nf  tin, 
1  part,  of  aritiiuotiy,  uthI  a  small  quantity  of  copper,  furnishes  a 
diictile  allny,  fonniii-j;  a  superior  kind  of  pewter.  If  lead  be  sub- 
stitutcfl  fur  copper  in  this  allfiy  it  is  ren<lered  brittle.  Antimony 
also  eotnltintw  readily  with  i'lmper,  furiiishinja;  a  Inird  alloy  whicn 
takes  a  good  jmlish,  but  which  becomes  paler  and  more  brittle  in 
prui>ortton  as  the  quantity  of  antimony  is  increased.  If  7  parts 
nf  ]»owdered  antitiKinv  and  '-i  of  ir<ni  tiling?  be  exposed  in  a  covered 
cnu-ible  to  a  verv  hiirli  temperature,  a  brittle  alloy  is  foniied  euf- 
ficiently  hnrd  to  emit  sparks  when  tiled. 

With  zinc,  antimony  unites  to  foi-m  two  definite  all oyp,  which 
may  be  i>repart'd  by  fusing  the  two  metals  together  in  the  proper 
proportions.  They  may  be  crystallized  by  a  method  similar  to 
that  adopted  in  the  ca.se  of  sulphur  by  fusion  (407).  One  of 
these  (Sb,i5n,)  crystallizes  in  long  acicufar  prisms,  which  belong 
to  the  oblique  prismatic  system  ;  it  decomposes  water  rapidly  at 
212"  with  evolution  of  hydrogen.  The  o^lu'r  alloy  (SbZn)  crys- 
tallizes in  broad  plates  which  twin  together  on  an  <:>ctohedral 
face.* 

In  <'ombinati4)n  with  acid  tartrate  of  potassium,  oxide  of  anti- 
mon}'  forms  a  powerful  and  valuable  medicine.  The  oxide,  when 
ground  up  with  linseeil  oil,  tiiniishes  a  pii^ment  which  is  emi)l(»yed 
to  some  extent  as  a  substitute  for  white  tead  :  it  is  mucli  less  in- 
jurions  to  the  health  of  those  who  use  it  than  pigments  which 
contain  lead. 

ilr.  Gore  {Phil.  Trans.  IS.'iS,  p.  ISS)  has  described  a  re- 
markaVjle  modification  of  antimony  which  may  be  ])rocured  by 
electrolytic  action,  in  the  following  manner;  Dissolve  1  part  of 
tATtar-emetie  in  4  parts  of  the  solution  obtained  by  dissolvmg  sul- 
phide of  antimony  nearly  to  eatiiration  in  hydrocliloric  acid,  and 
iBubjc'ct  the  solution  to  the  action  of  two  or  three  cells  of  Rmee's 
'battery,  using  a  plate  of  antimony  for  the  positis'c  and  a  copper 

•  .T.  p.  Cooke,  who  has  studied  those  allova  minutely,  finds  that  in  cacli  case  the 

cTf >ilAllin«<  form  of  the  alloy  is  preserved,  althouj^h  tlio  proportions  of  the  two  nietals 

may  vary  within  eonBideralile  limits ;  thus,  the  form  of  needlee  (which  would  require, 

if  in  ntiimic  proportion,  Sb,Ziii,  a  per-centage  of  55"7  of  antimony),  is  still  preserved, 

tboutrli  the  antimony  may  foil  cia  low  oa  35*77  or  may  rise  as  hif^h  as  57'2-l;  whilst 

tli«  form  of  platt's  is  obaerred  without  any  variatiou  in  the  angular  measurements, 

■ :'         '     •'  lity  of  autiraouy  may  fall  as  low  as  6457  or  may  rise  as  high  aa 

would  reproacnt  the  true  atomic  proportion  (SbZn).      It  ia  true 

.1  ...iiji  to  the  same  i-ry'it.'Ullne  system,  but  they  do  uot  appear  to  be 

«kr  iiora  the  other.     Mr.  Oooke  sufigests  that  these  observations  may  throw 

OB  .  i/tit  upou  the  cause  of  the  hitherto  uuexplaiued  variation  in  composition 

oc«-  ser\'od  iu  minerals  of  the  siime  crystalline  form,  the  components  of 

wli  Momorphous :  and  he  proposes  ihe  term  AUomeriam  to  designate  such 

I'ortions  of  tlie  txnislitiients  of  the  crystalline  compound  without 

ill  the  crj'stulliuf  form,  the  varyitig  constituents  not  being  iso- 

in  Umr  n-senrclies  upon  the  alloys  of  tin  and  gold, 

ir  from  274  to  43  in?r  cent,  nf  gold  all  cxystallize  Ir 

uu<J   lie^t  defined  crystttla  containing  about  41  peroent.  nf 
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wiro  for  the  negative  electrode.     A  metallic  dejxinit  bavii 
colour  ami  lustre  of  liiglily-polUbed  steel,  with  a  poculiar  uia 
latod  eurfac-e  and  an  amorphous  structure,  i»  formexl.     hf-ei 
gravity  is  about   ti'55.     The  metal  thus  dep<>ftit»vi 
H  per  cent,  of  tcpchloride  of  antimony.  an<i  if  ^u 
siiurply  or  ht'at«^,  it  underfjoea  a  moid  mol' 
with  a  rise  of  temporature  aniountmj;  sorn  _ 

paiiiod  liy  the  di.seiij;ugement  of  ahuiidfuit  fiunes  ol  le 

aiitituijiiy.     Tho  heat  evolved  is  sutheieiit  to  hoi!  s-.  i.*v( 

to  fuse  small  pieces  of  tin.     AlW  tliis  change  has  iicfarn>«l  tl 
metal  ii«  fnuud  to  pftJiin  itu  e<»he(3ion  and  it*  metallic  n" 
it   becomes  ^roy,  and  acquires  a  granular  fracture  i\ 
crea-ied  <lensity.     A  corresponding  sulwtance  inay  be  nbt; 
terbroinide  be  substituted  for  terchloride  of  UDtiinony: 
posit^  metal  in  this,  case  retaining  the  bromide  «tf  antim 
(S51)  OxioEd    OF    ^VsTiMoNv. — Autimouy  forms  tl 
miirked  oxi<les :  the  first  is  the  most  iinportaiit.  a»  it  i 
tiie  basis  of  the  antiraonial  salts  employed  in  medicine, 
ides  have  the  following  composition  : — 

OirreiL    AaOmouf. 

Antimnnic  oxide.* SbiO,  =  IR-44  r  8SS6 

Antinionio  anhydride Sba<)6  =  :24-<l9  -t-  1!>-SI 

AiitimonUtle  or  luUmQnf . . . ,   8ba0i,  Sbt^t=  30'T8  -f  T&-33 

Anfiniont'c  Oxide  or  Semjuiihcid*'  of  Anitmomj  rSb,0,  =r  2d2, 
or,  aft  it  is  often  called,  ienwule,  SbO,=14<)). — In  thr  anhvdr-ti* 
state  this  oxide  is  found  crystallized  in  prisms  in  a  rare  mi 
called  ichitA  antlinony  ore,  of  spectific  gravity  5'50.     T'^- 
drou.'j  oxide  is  best  procured  bv  boiling  powtiei'ed  mci. 
mony  to  dryness  in  ati  iron  ladfc,  witli  excess  of  strong 
uci<l ;  an  insoluble  sulphate  is  fonncd,  and  .sul|<iiiirous  . 
is  disengiiged.      To   remove  the  sulplmric  acid,  tho  • 
treated  with  carbonate  of  sodium  and  is  well  wiubcd  :  tJi 
white  insoluble  powder  which  remains  is  the  oxide,     Wli 
it  assumes  a  yelfow  colour,  but  recovei*s  its  whitenee«  c»i 
When  heatetl  in  clojied  vessels  it  may  be  melted ;  at  a  1 
peratui-e  it  may  be  volatilized,  and  the  vn|)Our  may  l»e  < 
m  brilliant  crystalline  nee<lles  isomorphous  with  the  unu 
of  iirs(«nioHS  aniiydride,     (Vca*ionally  it  orx 
like  the  cimimon  variety  of  arsenious  uriii 
air  it  burn«  like  tinder,  and  is  converted  \\\\u 
monious  acid.     Hydrochloric  and  tartaric  aciils 
Nitric  a<rid  converts  it  into  one  of  tlie  higher  oxidai  of  nnti 
With  sulphuric  acid  it  fonnsan  insoluble  suljdmte,  thongh  it 
pmyHM-ties  ai^e  bul  feeble.     In  the  hydratca  state  it  may  Ih* 
tained  by  pouring  a  solution  of  terchloride  of  ftiiti  •  t<i 

excess  of  ii  solution  of  carbonate  of  sodium.     Itt  'f 

jreadllv  soluble  in  solntioiis  of  cmistic  potash   (if 

'flmplc  elinlb'ti'iM  r-r  rv.iiinmtinn  ..f  flu-  liijuid  *  i 
of  vxide  uf  1  'uls. 

.4ctW  (^bO,  UMllifc  IV  be  oil 
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tbe  rnetiil  with  nitric  at-id,  and  expelling  tlie  excess  of  uitn'e  acid 
by  a  lieiit  below  reduess.  It  is  of  a  palu  yellow  colour,  is  tasteless 
and  insoluble  in  water.  A  6tix)ng  heat  expels  one-fifth  of  its 
oxyffcH,  and  converts  it  into  the  antinioniate  of  antimony  (Sb,0^, 
or  S)»O,,Sh0.),  which  is  a  white  powder,  foruierly  termed  untt- 
moniou«ac!d,  luit  which  pi •pscs^e*  no  acid  character  ;  fur  if  treat- 
ed with  acid  tartrate  of  potsij^siuui  it  is  decomposed,  tartrate  of 
aiitiinitny  and  jiutaspiiim  (<»r/'ur-^/«di{M;)  being  formed,  whilst  auti- 
monic  anhydride  is  left. 

Antimon/ate-M. — Antimouic  acid  forms  definite  comp<)uu<ls  witJi 
the  raetah*  of  alkalies :  a  boiling  solution  of  caustic  potash  dis- 
solves it,  and  on  the  addition  of  an  acid,  the  liquid  deposits  liy- 
dnifj^l  antimouic  acid  iu  the  form  of  white  powder  (Sb,0„  4  H,0), 
which  rexidens  litmus,  and  is  fi-eely  soluble  in  cold  solutions  of 
the  alkalies,  and  in  hydrochloric  acid.  The  hydrated  acid  nuiy 
als<i  Ite  obtained  by  treating  metallic  antimony  with  nitric  aciu, 
or  by  decomposing  the  pentachloride  of  antimony  with  water. 
Fremy  states  that  antimouic  acid  mav,  like  binoxide  of  tin,  be 
obtuinc«d  in  two  modifications,  each  ot  which  combines  with  dif- 
ferent amount*  of  base,  and  forms  a  distinct  class  of  salts :  to  one 
of  these  modifications  he  gives  the  name  nf  fuitlmnnit;  acid ;  its 
iiorinul  salt  with  potassium  has  the  fitnmila  (K,Sb,0,,  5  H,0,  or 
K<  >.S1)0„  5  IIO) :  the  other  modificatiim  he  terms  metunttmonic 
<ir!fl.  To  the  nnnnal  potas-sium  salt  of  the  latter  acid,  he  assigns 
the  fonniila  (2  KC),SbO»,  or  K,Sb,e,). 

According  to  Fremv,  autimonic  acid  is  monobasic,  but  it  is 
c»i>al)lo  of  forming  botli  uoi-mal  and  acid  salts.     Normal  ajiti- 
f/u>nfate  of  poUisfiium  may  be  procured  by  heating  1  prut  of  me- 
tallic antimony  with  4  narts  of  nitre  in  an  earthen  cnKiblc.     The 
whitt'  tuass  so  obtained  is  powdered,  and  washed  with  warm  water, 
to  remove  tlie  excess  of  potash  and  nitrite  of  potassium.       The 
residue  must  be  boiled  in  water  for  an  Imur  or  two;  the  insoluble 
\anhw)rou«  antinioniate  is  thus  converted  into  a.  solnhle  hydrated 
[  modification  cousistino  of  K,Sb,0„  5  H,0.     The  insoluble  residue 
I  now  ci.<nsists  chiefly  of  acid-antimoniate  of  potassium.      The  nor- 
mal salt  posses.'ves  the  property  of  freely  dissolving  the  acid-anti- 
moninte,  which  is  precipitated  when  such  a  solution  ismi.xed  with 
any  neutral  salt  oi  one  of  the  alkalies.     The  normal  antinioniate 
d«»ea  not  crystallize,  but  forms  a  gummy  mass  which  has  an  alka- 
line reaction  ;  it  is  readily  decomposed  by  acids,  including  the  car- 
bon i<s  w"hilst  the  acid-antimoniate  is  de|^>ositcd.     When  heated  to 
32(>*'  it  losea  2  out  of  its  5  atoms  of  water,  and  becomes  insoluble 
.ill  cold  water. 

Acid'^intimoniate  of  potas^inm  (K,Sb<0„),  or  lumtimoniaie 
of  potash  (KO,  2  SbOj.  is  obtained  by  transmitting  a  current  of 
carlionic  anhydride  through  a  solution  of  the  normm  antinioniate. 
It  is  soluble  In  a  hot  solution  of  the  normal  autimoniatc,  and  ia 
dcj^xo-itcd  in  crystals  as  the  liquid  cools. 

If  antiinonic  anhyilride  be  heated  with  oxide  of  lead  it  com- 
bait«  with  it  aii<l  yields  a  yellow  comjHuiHd,  which  is  used  as  a 
>ignient  under  tbe  name  of  Na^Ua  yctlow. 
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(853)  Mftontimonic  Arid  (H.Sb.e,,  or  2  HO,  SbO.).— Tld 
oompouiid  derives  its  principal  interest  from  the  circunwlain*  d 
its  yiolding  a  soluble  couijiuund  with  poJ:i 
einpluyed  as  ft   test   tor   pudiuni.     The   </< 
jM>t<i>tnuiiii,  K,I1,S1»,0,,  (!   1I,0,   or  hituetaiUuiittii' 
(KO,lI(),Sb()„  ij  Aij)  id  the  salt  which  ia  used  for 
In    jirejxniTip  this  compound,  antimoninte  of  ]H)t.a^ium  is.  fi^ 
formed  hy  dttiiurratiiig  antimony  with  nitre,  waj«hing  and  IxiiUii 
the  residue  in  the  manner  already  described,  so  as  to  bring 
whole  of  tlio  noruuil  antimoniule  into  solution:   the  liquid  \\A 
obtained  i»  tiltereil,  aii<l  evaporated  to  a  syrupy  CDiiriWeiu-i*  iiij 
silver  dish;    fnigineiits  of  hydrate  of  }x»tii*h  are  tb' 
the  evaporation  is  contiuued  until  a  dnto  i>f  the 
upon  a  cold  slip  of  ^lass  begins  to  crystallize;  it  is  tnen  ulntMi 
to  Cool,  and  the  alkaline  t-upemataut   liquid  is  |K>ured  oif 
crystals,  which  are  allowed  to  drain  upoji  a  pomos  tile, 
tlio  salt  18  required  as  a  test  for  ealtr!  of  Bodioui,  30  iir  40  ■ 
of  this  residue  are  to  l>e  washed  tiuiekly  with  alxiut  tvric«1 
weight  i)f  cold  water,  and  allnwed  to  subside;    tlii*  \h'aaliii 
be  repeated  two  or  three  times,  in  order  to   remove   tr« 
ndli(H'ing  potash  ;  lastly,  a  little  cold  water  is  to  l>e  <ligeat 
a  few  minutes  uoou  the  residue,  and  tlie  tiUere<J  U<|uid 
used   to   ascertain   tiie   presence   of  sixlium.     The   presei 
hydrate  of  i>otat*h  impaii's  the  delicacy  of  the  reaction.     Onel 
fneonvenienee  whidi  attends  the  use  of  this  reageiit  is  the 
cmntstunce,  that  if  the  solution  be  kept  for  a  few  days,  the 
passes  spontaneously  into  the  normal  atitimoiiiate,  and  tlii-* 
Goes  not  precipitate  the  compounds  of  sodium;  lioth  snl- 
exactly  the  sjiine  amount  of  acid  and   of  bai-e  (K,ii. 
K,Sb,f>,,[r,f>).  the  ditlerence  in  properties  being  due  to  dilie 
ence  in   the  molecular   constitution   of  the   two  6alt«.     If 
solution   of  acid   tuctantimoniate  be  boiled,  its  conversion  iuti 
normal  antimoiiiate   is   effected  in  a  few  minutes.      The  itA 
Dietuiitititoniate  of  WHlium  (Na,II,Sb,0,,  G  1I,0)  ia  an  iiLSo]nb!«1 
salt,  which  crystallizes  in  octohedra. 

(S5i)  An()mon!urette>i  HydnHf^n  (II,Sb?) — The  comp*.i!i'tion 
of  this  gas  is  not  known  with  certainty,  for  at   present  i' 
never  been  obtained  free  from  hydrogen.     It  is  interred,  hov 
to  contain  3  atoms  of  hydrogen  to  one  atom  of  tlic  metal,  Ixs 
when  transmitted  through  a  solution  of  nitrate  of  silvi- 
cipitate  of  antimonide  of  silver  is  formed,  consiiting  < 
3  AgXe.  +  IT.Sb  becoming  3  11^0,+  Ag.Sb.      Antnn. 
hydrogen  is  formed  by  dissolving  an  alloy  of  zinc  and 
in  dilurc<l  sulphuric  acid.     When  any  salt  of  antim 
into  a  mixture  of  zinc  and  suli)liuric  acid  which  i- 
bydrogen.  the  antimonial  salt  becomes  decomjMiesed  ;  one  [h 
of  tbc  uritiniony  is  «lejM)sited  in  the  form  of  a  black  v ■"■'*•' 
the  surfncp  of  the  zinc,  whilst  another  portion  coiul 
liy<lrogen,  and  assumes  the  gasi-ous  state.     It  forms  :»  .  .>, 
gas  which  i:*  without  aiiv  iniirkcd  odour,     Whinj  bumi-*!. 
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IfB«gn~apia8a  tuhe,  lieated  to  low  redness,  the  gas  is  decom- 

I^oscil.  an<l  the  aiitiiiioiiy  forms  a  brilliant  metallic  crust  upon  the 
letited  jHjrtion  ul'  the  tube. 

(855)  iSti.riiiDKs  OF  ^V>"rnioNT. — Two  compounds  of  aiiti- 
monv  with  snljihur  arc  known;  the  ordinary  sulphide  (Sb,S,\ 
and  the  sulpliantimunie  aniiydride,  or  antimonic  eulj)hide  (Sb,S,), 
eorrespuudiiitr  to  the  antiinonic  oxide  and  to  antimonic  anhydride. 
They  are  hj^iihIIv  rffrardcd  as  sulphnr-acids,  since  they  combine 
■witli  the  sulpiiidcfi  of  the  alkaline  metain,  and  form  definite  salts. 

S.fjuini//fhi(i<i  of  Antitnony,  Sb,S,=340  (ot\en  called  the  ter- 
tndj>fii>l<-,  SliS,  =  170) ;  .'Sji.Gr.  4-02r. :  t'imijK  In  \Oi\jn>i-U,  Sb.Tl'76 ; 
S,  2S'24. — Thi'i  substance  constitutes  the  oidy  ore  from  which  the 
metal  is  ohtnined.  The  native  sulphide,  or  f/reij  antiinony  ore,  is 
UBually  found  in  granite  or  elate  rocks,  and  geuenilly  contains 
lea<l  and  ars^enic,  be&ides  a  variable  amount  of  pyrites.  It  occui^ 
crystallized  in  fuur-sided  prisms,  striated  transversely ;  it  has  a 
bluish-})lack  colour,  and  a  strong  nietalli<i  lustre.  It  is  triable, 
and  melts  below  a  red  heat,  crystallizing  as  it  cools.  It  may  be 
distilh'd  unchanged  in  closed  vessels,  at  a  very  high  temperature, 
but  l»v  masting  in  the  djten  air  it  is  couverte<l  into  a  fusible  mix- 
ture of  o.xide  and  sul^ihide  of  antimony.  This  oxysulphido.  alter 
it  lias  l>een  fused,  constitutes  the  commercial  glass  of  ardi/notiy^ 
which  contains  alwmt  8  iiarts  of  the  oxide  of  antimony  to  1  part 
of  sulphide.  If  the  oxide  be  in  excess,  the  glass  is  transjiurcrit,  and 
of  a  tine  red  colour:  the  greater  the  proportion  of  the  sulphide,  the 
darker  is  the  tint.  The  glass  attacks  the  silica  of  the  irneibte  in 
which  tlie  fusion  is  ])orforme<i,  and  dissolves  a  considerable  jtoi'tion 
of  it.  A  native  arij^uljihidi'  of  antiuKHiy  (Sb,0„  2  t^b,S,,  kn<iwu  as 
retl  aiitiniony  ore)  occurs  crystallized  iu  oblique  rhoml>ic  prisms. 

Sulphide  of  antimony  may  be  obtained  m  crystals  by  melting 
together,  at  a  red  heat,  a  mixture  of  suljihur  and  oxide  of  iinti- 
iiuiiiv  ;  sulphurous  anhydride  escapes,  and  the  sulphide  is  funned: 
2  Sb',e.  +  9  S  becoming  2  Sb,S.  +  3  SO,. 

Attempts  have  been  recently  made,  with  some  success,  to  in- 
Innluce  the  artiticinl  sulphide  as  a  red  pigment,  under  the  name  of 
antimony  vermilion.  Ine  colour  is  prepared  hy  juMiring  a  crude 
soluttoti  of  ddoride  of  antinwmy  in  hydrtichloric  acid  into  a  dilute 
Boliition  of  hyposulphite  i)f  calcium,  which  is  maintained  in  excess; 
on  heating  the  li(iuid  to  l-lU",  it  becotnes  turbid,  and  dejtosits  a 
precipitate  which  is  at  first  yellow  and  ultimately  a  bright  nrange 
rwl.  The  anhydrous  sulphide  may  alsn  be  olitained  *^\'  a  beauti- 
ful orange  colour,  by  transmittitigsulphureltcd  hydrugcn  thmugh 
8  .^^olutinn  of  any  salt  of  the  metal :  on  1  icing  heated  in  closed 
veKseln,  it  assumes  a  diirk  metallic  ajipcarance,  resendiling  that  of 
the  native  suljihide.  If  heated  in  a  current  of  hydrogen  gas.  the 
snlphur  is  removed  and  metallic  antimony  is  left.  The  sulphide, 
whother  artificial  or  native,  is  dissolved  by  hot  hydrochloriir  acid, 
aud  funu-sjic*  a  convenient  source  of  ])ure  sulphuretted  hydrogen, 
pri»viilc<i  Unit  the  gas  be  waslied,  to  free  it  from  traces  of  auti- 
UMiny  and  liyilrochloric  acid  which  it  is  apt  to  retaiu  iu  sua- 
|>etiiuuu. 


tJOO  PEBSULPinDE   AND   CHLOHtDBS   OF    ASmCONT. 

So8<iuistilj(lii(le  of  antimony  is  readily  S'>lable  in  "ilnrT,, 
the  suljihidps  of  the  alkaline  metaU,  and  funns  cul' 
pounds  whioli  liavo  Ix-en  regarded  as  douMe  fculpliidt-r.  ir 
aiUitnoniU«  ;  a  hot  ftolution  of  the  alkaline  snlj>nide  cimdL-«ol' 
much  nu»re  of  the  iiijlj>liide  of  antimony  than  it  can  t 
cold  ;  on  the  addition  of  an  add,  the  sulphide  of  the  ail 
U  decotujioned,  and  the  stilphide  of  antimony  i«  IV] 
If  stdnliide  of  antimony  in  fane  p«jwder  be  Wiled  M-iti 
of  earbonate  of  potaaaium,  orof  eaustic  potash,  it  isdiasolv 
filtered  litiuid  on  coolin^  dept^iits   a   reddish-brown  6ul- 
known  06  X'enn^'s  mineral.     Inis  sul^stance  is  not  a  defini»< 
pound,  but  itj  0  variable  mixture  of  8ulphi<le  and  o\Jde  •  i 
mony,  the  latter  iieingcomljined  %vith  a  small  portion  of  thi 
The  action  of  carbonate  of  potassium  on  the  sulphide  may  \tv  rv 
8entu{|  as  follows : — 

6  K,ee.+3  8b,S,-f  3  H,e=6  KHee.  +  3  K,S-|-3  Sb^„8h.< 

In  this  mixture  of  Sb,S,  and   Sb,0„  11.  Rose  found  crystals 
oxide  of  antimony,  which  were  visible  by  tlie  aid  of  the  r   - 
scope.     Acid  tartrate  of  potassium,  or  diluted  hvdrochloi 
dissolve;*  out  the  oxide,  leaving  tlio  Huli>hide,     If  to  the 
after  deposition  of  the  kermos,  hydrochloric  acid  be  a<ldi-ii 
vescence  takes  place,  with  oscapo  of  !?uli»huretted  hydri>:_r<  ;i.    ».    j 
to  the  decomposition  of  sulphide  of  jiota^^ium,  and  tht-  .  \     -- 
sulphide  of  antimony  which  it  retained  is  precipitated  asth- 
tndphide  of  antimony.    This  sulphide  contains  a  larger  •■•• 
of  sulphur  than  the  sesquisulphide,  from  the  gradual  • 
the  antimony  in  tlie  solution  ocfore  the  {»recipit.ation  it  ^ri 

Permtlphi/h^  of  Aniimowj  (Sb,S,=404,  or  SbS,  =  2it2  :  ' 
Ml  10fly>«/Y^,  Sb,  60'4  ;  S,  3l>">!),  or  tfulphanfiinonic  acid. 
compound  is  often  termed,  may  l»e  ol)tained  by  traustuii 
current  of  sulphuretted  hydrogen  through   an   acid  aoln' 
pentuchloride  of  antimony.     It  forms  an  orange-yellow  j     ., 
tate,  wliich  is  anhydrous,  but  is  remarkalilo  for  the  facility  vnth 
which  it  combines  with  the  sulpluMes  of  the  alkaline  metals.    Hie 
tribfuiic    sulphuntii/i/fnifite    of   so^linm    (Xa,Sb8,  .  9  H,OV   Of 
SchUjjpe's  salt,  crystallizes  in  large  and  very  brilliant ; 
tetrahe<lra.     It  may  be  obtained  m  various  ways :  the 
consists  in  thorouglily  mixing  IS  parts  of  lineiy-powderevl 
sulphide  of  antimony,  12  of  di-ie<l  carbonate  ot  sixlium, 
quicklime,  and  3J  of  sulphur ;  the  mixture  is  pr<.»und  n}<  with 
water,  and])Iaced  in  a  well-closed  bottle,  whicli  is  completely  filN 
with  water  ;  it  is  allowed  to  digest,  with  treouent  agitation,  for 
24  hours  ;  the  clear  liquid  is  filtered  off,  and  allowed  to  evaporate 
spontaneously  in  a  closed  vessel  over  sulphuric  acid.     Tht^  f*lt 
when  mL\e<i  witli  an  acid  deposits  pure  pei-sulphide  of  anfi 

(S.5G)  CuLoKn)i«  OF  Antimony, —  Antimony  has  a  ]n"i     • 

attraction  for  chlorine.     It  forms  two  chlorides,  SbCl,  ami  SI'Ol, 

thoy  correspond  in  composition  with  the  oxides  and  sulphides. 

' Tcr^'hloHd^  of  Antinionif  (SbCl,= 228-5) ;  Sp.  Or.  of  V<tp<n 
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—This  sobstmice,  from  its  ready  fusibility,  was  formerly  kuown 
under  tlic  uaiue  of  butter  of  antimony.  It  may  be  obtained  in 
the  anliydrouri  form  by  distilling  an  intimate  mixture  of  8  parte 
of  corrosive  sublimate  with  3  of  powdered  metallic  autiimmy; 
C'ldomLd.  terchloridt!  of  autiiuniiv,  and  an  amalfijam  of  antimony 
are  funned  ;  2  Sb-f  2  H}rCI,=Sb(.'l,-f  SbH.'  +  Hg01.  Terchloride 
t>(  untimony  may  be  uiore  «liea]tly  iiropared  by  mixing  sulphate  of 
antim<my  with  twice  its  weij^ht  ot  chloride  of  sodium,  ami  then 
distilliiiit  the  mixture.  It  may  also  be  obtairie<l  by  distilling  tho 
rttiJdnc  left  on  diss<»lvniig  sesijuisulphide  of  antimony  in  hydro- 
chUiric  iieid.  The  terchloride  of  antimony  is  a  volatile,  fusible, 
crystalli/.able  compound,  which  is  deliquescent,  and  junveifully 
corrosive  in  its  action  on  animal  tissues;  it  insoluble  in  hydro- 
chloric iicid,  and  in  a  buuxII  (juautity  of  water  :  but  if  thrown  into 
a  lartje  nia^!?  of  water  an  insoluble  oxychloride  (SbCl,,Sb,0,)  falls, 
whidi  gradually  assumed  a  coinpact  crystalline  form ;  and  on  dilut- 
ing a  hot  solution  of  terehlorido  of  antimony  in  hydrochloric  acid" 
with  hot  water,  it  deposits,  on  coohng,  brilliant  needles,  which 
may  be  reprenented  as  (2i>bCl„  5  t^b,0,) ;  it  was  formerly  called 
powder  of  (thjiirutli,  By  heat,  the  chloride  is  sublimed,  leaving 
the  oxide.  Terchloride  of  antimony  is  used  for  bronzing  gun- 
barrels,  in  order  to  ])revent  them  from  rusting. 

Perfhloride  or  jM^Uachloride  of  anthnony  (SbCl.=299'5)  k 
prepared  1  >y  exi»osing  jKiwdered  antimony,  gently  heated  in  a  retort, 
to  a  current  ot  dry  chlorine  in  excess.  It  fonns  a  volatile,  colour- 
less li<]uid,  wliich  einit.^  dense,  suffocating  white  fumes  when  ex- 
ptwed  to  the  air.  With  a  small  quantity  of  water  it  forms  white 
deliquescent  crystals;  but  it  is  decomposed  by  a  large  (piantityof 
watt^r,  and  metantimonic  acid,  which  retains  a  little  hvdrocbloric 
acid,  is  deposited:  2  SbOl.  -4-7  II.O=n.Sb,e,+  K-'  tlCl.  Dry 
|Hjrchloride  of  antimony  absorbs  sidpluiretted  hydrogen,  and  forma 
with  it  a  white  crystalline  fusible  solid  (SbCl.S),  which  cuiTesnonde 
in  composition  to  the  cJilorosulphide  of  jthosphorus.  I'otli  the 
chlorides  of  antimony  form  dehnite  compounds  witli  ammonia. 
Tlie  percbloride  of  antimony  is  sometimes  used  as  a  chlorinating 
agent,  since  it  readily  parts  with  a  portion  of  its  clilurine  to  many 
compounds  of  organic  origin  which  contain  hydrogen. 

The  i<:rhruniule  of  antimony  is  a  colourless  crystalline  solid. 
Tho  l<rtodid£  is  a  solid  of  a  red  colour.  Tartar-emetic ,  2  [K(SbO) 
^,H.O,]ir,0,  is  an  important  salt  of  antimony,  which  is  used  in 
medicine;  it  will  be  described  hereafter  with  the  other  tartrates. 

(S5T)  CriAu.vcrrKits  ok  the  Compounds  of  Antdioxy. — Ac- 
cording to  Pebgot  (Anil,  de  Chiinie.  III.  xx.  207)  oxide  of  anti- 
mony, liy  its  reaction  with  acids,  forms  salts  which  contain  1,  2, 
or  4  equivalents  of  a  monobasic  acid  ra^licle.  Most  of  them  when 
largely  diluted  with  water  become  milky  from  the  deposition  of  a 
basic  salt  of  snaring  solubility ;  but  this  milkiness  disappears  on 
tlie  addition  ot  tartaric  acid,  or  of  acid  tartrate  of  potassium.  They 
are  all  of  them  colourless,  and  when  taken  internally  in  large 
doses,  produce  jKjisunoujn  ell'ects.  Infusion  of  cinchona  bark  yielde 
n  co]>ioU8  insolnblc  precipitate  with  antiinonial  salts,  and  it  ha« 
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beeu  recommended  to  adminster  this  medicine  in  cuses  of  poiaon 
ing  with  antiinttiiy :  it  is  not,  Ijowever,  to  l>e  relied  ou. 

Except  when  tartaric  acid  is  present,  tha  carurtic a/XaJiet  pv6,\ 
with  autiinouial  salts,  a  white  precipitate  solnhle  in  exo4:«<«  of  tVi* I 
alkali :  ajinnonm  and  the  carbonates  nftht  alkalies,  a  ■ 
pitate  nearly  insoluhle  in  excess.     But  the  charactcn- 
of  these  salts  when  in  solution  is  the  forrnatjoii  nf  an  oraninvi 
coloured  ])recipitate  of  sesquieulphide  of  antimony,   when  tht-if' 
solutions,  acidulated  with  hydrochloric  acid,  are  acted  on  by  »ul- 
phui'i'ikd  htfilrnyi'ti ;  thit^  precipitate  is  soluble  in  sulphide  of  wn- 
ninniuin.     in  detectinij  liutiinony  for  niedico-le^al  pnrpo5e:»,  anti- 
moniuretted  hydrogen  is  tirst  prejiared,  and  -   "  utly  decoiu- 

Eosed  l>y  heat.     In  order  to  eflect  thift,  the  bii  liquid,  altw 

oiling  with  hydrochloric  acid  and  a  little  clWurutL- of  potiissiuni, 
\&  filtered  and  jutrodiiced  into  Mai-slTw  apparatus;  the  experiment  | 
is  then  proceeded  with  a»  directed  for  ai-senir;  (84rt).      A  muraj 
delicate  method  is  the  following: — The  sugpected  solution  h  ari- 
dulated  with  hydrochloric  acid,  and  boiled  with  a  slip  of  brigbt] 
copper  foil,  wlii<'h  lic<ionjcs  coated  witii  a  violet-<Miloiire<l   tilui  of 
reduced  antimony  :  when  heated,  the  antimony  gradually  Ix^-oiiim 
oxidized,  and  at  a  Iiigh  temperature  the  i*xido  Is  volatili/- 
denying  in  needles,  not,  like  arsenic,  in  octohedra;  but  \\> 
may  be   identiliod   by  heating   the   slip   in  a  tube  with  a  i«*iu- 
lion  of  pure  hydi'atc  of  potash,  expi.>8in<r  the  surface  of  the  metal 
freely  to  the  air;  the  antimony  is  graduullv  oxidized  and  dii^wilvwl. 
The  solution  ehould  next  be  somewhat  clihited,  nubiir'^    '  ■    tfitf 
action  of  Hulphuretted  hydrogen,  filtered  from  any  of 

copper  or  lead,  and  then  on  the  addition  of  liydriX'hlon<:  acid  in 
slight  excess  the  antimony  is  jireci}iitated  att  sulphide  in  charac- 
teristic orani^e  rtocculi.  This  precipitate  may  be  dissolvnl  in 
hydrochloric  acid,  and  will  then  give  a  crust  of  metallic  uutimouT  ( 
i^  introduced  into  Marsh'd  apparatus. 

(H5S)  Estimnt'um  of  Antimony. — Tn  determining fho  qiiantitti 
of  this  metal,  the  sohition  is  tii-st  acidulutcnl  with  a  mLxtun*  i^ 
hydrnchlctric  and  tartaric  acids,  then  subjected  to  a  current  of  nul- 
plitin-tted   hydrogen,  nnd   exposed   for  a  few  hours  in  an   nprn. 
ehalluw  dish,  at  a  temperature  not  exceeding  HK>"'  V. :  tli' 
of  sulphuretted  hydrogen  is  thus  got  rid  of,  and  the  whoi' 
antimony  is  separated  as  sulphide,  but  the  weight  of  the  driwl 
precipitated  sulphide  of  antimony  cannot  be  relied  upon  ae^  fur- 
nishing a  correct  datum  fur  estimating  tlie  metal,  because  it  a\ 
liable  to  contain  a  variable  excess  ot  uncombincd  sulphur.     It 
must  therefore  be  dried  at  21 2^*,  and  weighed  ;  a  certain  rimjittr'i 
tion   of  it  is  then  <lis.solvcd  in  hot  aqua  regin,  after  wl- 
Bolutiou  is  mixed  with  a  little  tartaric  aciil ;  and  the  • 
which  has  by  this  means  been  converted  into  sulphuric  iicul,  i*  i 
j)rccipitated  by  the  addition  of  chloride  of  barium:  the  -^nlnlmr 
IS  calculated  from  the  weight  of  the  sniohnte  of  barhun  oi 
and  deducted  fnmi  the  weight  of  sulphiuo  of  antimony  rno. -i^.- 
tlie  diftercnce  is  estimated  «.s  antimony.      According  to  tinmrn,  | 
the  sulphide  may  be  converted  into  the  Ho-(;nlle<l  antimunioiUiMiid 
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)/),  in  which  form  it  may  he  weighed,  bv  proceeding  as  fol- 
>: — Place  the  sulphide  in  a  counterpoised  pvircelain  capsule, 
a  concave  cover,  nmiiJtou  it  with  red  concentrated  nitric  acid, 
i  evaporate  to  dryness  hv  the  aid  of  a  water-bath  :  the  white 
of  sulphate  uf  antiuiony,  which  is  left,  ia  converted  bv  igni- 
into  antinioiiioua  acid,  loO  parts  of  which  coiTespond  to  T{>'22 
Tie  metal.  The  oxidation  of  the  t^ulphide  of  aiitiiuuny  may 
be  otfected  by  mixin}j;  it  intimately  with  iO  or  oU  times  its 
gilt  of  red  oxide  of  mercury,  and  simply  igniting  the  mixture 
.  covered  crucible  until  it  ceases  to  lose  weight;  sulplmrous 
bvdride  and  nietaliic  meruurv  lire  expelled,  and  antimonious 
is  left  as  before.  If  the  precipitate  enntain  a  large  exce&sof 
iiir,  it  may  be  digested  with  bisulphide  of  carbon  before 
proceeding  to  the  oxidation.  Antimony  may  be  separated,  by 
weiins  of  sulphuretted  hydrogen,  I'rom  all  tlie  metals  previously 
described,  with  the  excej>tion  of  cadmium,  tin,  tungsten,  molyb- 
denum, and  arsenic.  Siil|>!iide  of  eadinium  is  not  soluble  in 
sulj'liidi*  of  ammonium,  whilst  that  of  antimony  is  soluble;  this 

»Did  may  therefore  be  empitiyed  to  separate  these  metals. 
(H'lH)  In  order  to  nrpartite  arstni'::  jrotn  anthntmy,  the  mixed 
pliiiles  are  digested  in  a  soluti<pn  of  si'smiicarbonate  of  ammo- 
P~— "1  containing  no  free  ammonia;  this  solvent  takes  up  the  eul- 
e  of  arsenic,  and  dissolves  very  little  suliddde  of  antimony. 
^]\e  Mfiparation  of  (tntim<niyfrom  tin  in  a  metallic  alloy  may 
be  eSt'cted  with  ttilerable  accuracy,  by  dissolving  the  alloy  in 
llvd^x•llloric  acid,  which  is  to  be  mi.\cd  with  a  small  projiortion 
ot  nitric  acid,  in  order  t>>  prevent  loss  of  antimony  as  antim<»niu- 
Petted  hydrogen.  The  two  metals  are  then  preci[>itated  together 
OT  iiiejuis  ol  metallic  zinc,  and  the  pulverulent  metals  are  dried 
ttt  212'  and  weighe<l.  This  precipitate  is  redissolvcd  in  weak 
aona  regia,  and  is  digested  at  a  gentle  heat  upon  a  bar  of  tin, 
wliicli  throws  down  antimony  only.  The  precipitated  metal  is 
UttUected,  washed,  dried,  and  weighed. 

I 


I IX.  Bismcth:  Bi"'=2I0.  Sp.  Gr.  9'799.  Funng-pt.^OV. 


[880)  Bismuth  is  not 
*D  abundant  metal:  it 
'^^curs  generally  in  the 
Dative  state  in  quartz 
L**clt^  and  is  extracted 
^*U  its  matrix  by  sim- 
"^  fusion,  the  mineral 
"^Jllg  nsnally  heated 
'^  iron  tultes,  whiili 
**^  placed  across  the 
'***liace  in  an  inclined 
^*sition  ;  the  ore  is  in- 
'^'^uced  at  the  upjier 
**d,    and    the   melted 


Fig.  360. 
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is  di'HM'n  oft'  into  iron  basins  below,  by  opening  a  plugged 
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apertureat.  intervals.     Fig.  350  shows  a  aection  tif  the  f  i  ■ 
«t.  Schneeberji  in  this  o|)i»ration,  where  tlie  bismuth 
tVoin  an  ore  rich  in  cobalt,     OcciL-^ioiiully  it  is  f        ' 


ted 

•  "^ 

UA  a  ijulphide,  and  Hoiiiotitnee  it  is  met  with  «  lip- 

riuin.  it  geaorally  contains  silver,  which  luav  he  fxiractL-J  by 
cupellatiori,  It^j  mines  occur  tor  the  irn«t  part  in  Saxonr,  i 
Trau^vlvauia,  and  JBoheoiia.  Cojumercial  bismuth  i»  never  pne;  j 
it  is  apt  to  contain  a  little  ijulphur  and  arsenic,  which  mar  bo 
got  rid  of  by  tusint?  the  metal  with  al)iint  one-tenth  of  ite  wei|;)il 
of  nitre ;  but  it  Htill  retains  silver,  lead,  and  iron.  It  may  Ixj 
obtained  free  from  tho&e  impurities  by  solution  in  nitric  acid :  the 
acid  liquid  when  eaturated  with  the  nietal  is  allowed  U>  l>ec<mjo 
clear,  and  is  poured  into  a  large  bulk  of  water.  A  sparinglr 
Boluble  b»i8ic  nitrate  of  bismuth  is  thus  precipitated  ;  it  is  washe<l, 
drietl,  and  reduced  in  a  crucible  by  it^nit.ion  with  one-tenth  of  iU| 
weight  of  charcoal :  pure  bismuth  collects  at  the  bottom. 

/^ropeHit's. — Bismuth  is  a  hard,  brittle  metal,  of  a  reddish- 
white  colour;  it  fuses  at  507°,  acc<trding  to  Kndbcrg,  i»r  hl-V  In 
Person,  and  it  expands  considerably  at  the  moment  nf  <•• 
tion  ;  when  pure  it  may  be  obtained  by  slow  cooling  aftfi 
(72)  crystallized  in  large  cubes,*  which  are  frefjuentiy  hollow. 
Marchand  and  Scheerer  found  that  the  density  of  bismuth  wm 
diminished  by  powerful  compression,  probably  owing  to  tlie  for- 
mation of  minute  internal  hssures;  tliev  thus  reduced  it  from 
9'799  to  9'55(».  Bismuth  is  slightly  volatile  when  str<ingly  lit^itM). 
It  is  but  little  altered  by  eximsiire  to  the  air  at  onlinary  teni[>en- 
tiires,  but  is  rapidly  oxidized  if  exposed  to  the  air  at  u  red  hr'at: 
if  thrown  in  powder  into  chlurine  it  takes  tire:  it  also  nniti 
with  bromine,  with  iodine,  and  with  sulphur.  Hydrochloi 
has  little  action  on  it.  Boiling  sulphuric  at^d  oxidizee  it  with 
evolution  of  sulphurous  anhydride;  but  its  proper  solvuntis  aitlitfj 
acid,  which  uxidizes  and  dissolves  it  rapidly. 

UsM,  — The  applications  of  bismuth  arc  but  limited  ;  it  b ' 
occasionally  euipKiyed  instead  of  lead  iji  cupellution ;  ftome  of  it* 
compounds  are  used  aa  pigments,  and  the  basic  nitrate  is  em- 
ployed medicinally.  Its  most  remarkable  alloy  is  that  known  « 
finsibU  rnetal.  This  is  composed  of  2  parts  of  bismuth,  1  of  laid, 
and  1  of  tin,  or  2  atoms  of  bismuth,  1  of  lead,  and  2  of  tin.  The 
mixture  fuses  at  a  little  below  212°,  and  pjissea  through  a  pastr 
condition  previous  to  complete  fusion.  It  dilates  in  auHtioiiu' 
manner,  when  exposed  to  heat ;  according  to  Erman  it  expi 
regularly  from  32°  to  1)5°,  then  contracts  gnuluallv  to  131', 
which  point  it  occupies  a  leas  bidk  than  it  did  at  32'' ;  it  then  «f- 
pands  rapidly  till  it  reaches  Hf!",  and  from  that  point  till  it  nu'lM 
Jt«  expansion  is  uniform.  This  faculty  of  expanding  ;>-  It  imlIa, 
M'hile  still  in  the  soft  state,  renders  the  alloy  very  vuli  ibe 

die  sinker,  who  emjdoys  it  to  test  the  perfection  ot  .M■^  .nr,— 
every  line  being  faithfully  re[>roduced  on  taking  a  cast     Tho 

•  The  crystals  ortiigrmilli,  hovreriT,  belong;  to  the  rbomboh'  ••; 

I  not  true  cubes,  but  rhoniboboilm.  the  arurloa  of  which  urn  «  i  .  'j 
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lition  of  cadininm  to  this  alloy,  depresses  its  fusing-point  stiJi 
further  (Tl«). 

Bisirmtli  itipreapes  tlie  fusibility  of  those  metals  with  which  it 
13  allviyed,  to  a  reituirkable  extent. 

(Sftl)(.)xir>ES()F  BisMTTH. — Bisiu nth  fomis  two  principal  oxides, 
a  hiiiinuthic  oxide  (Bi,0,)  and  an  at-id  oxide,  bif.mutliic  anhy- 
dride (Hi,0,);  l»esi(iep  these  there  is  a  compound  oxide  (T?i,0,), 
formed  by  tlie  union  of  the  two  pi\>fedinc  coin biriat ions.  A  bis- 
Tuuthou-^  oxide  (l^iO)  of  a  velvet-black  colour  may  also  be  obtained 
(Sehneider)  by  treating  equivahiit  quantities  of  terchlorido  of 
bismuth  and  stannous  chloride  witli  an  excess  of  caustic  potash, 
filtering,  and  drying  in  a  current  of  carbonic,  anhydride;  it  barns 
into  the  bisinuthic  oxide  when  heated  in  the  air. 

Bi»muthie  Oxide,  Bi,0,  =  +H8,  or  ternrirh  of  hismuth^  BIO, 
=  234;  S>.  Gr.  8'211  :  Vowp.  in  imparts,  Bi,'8a-74;  O,  10-26. 
— Thi*.  compound  may  be  obtaine<l  in  tlie  anhydrous  form  bv 
heating  the  nitrato  or  the  basic  nitrate  of  the  metal  to  low  reu- 
uesss.  It  i.s  a  yellow,  insohible  powder,  which  i\m^  at  a  red  heat, 
and  ie  easily  reduced  tv>  the  metallic  state  by  heating  it  with  char- 
coal. A  white  hydrate  of  this  oxide  (BiliB,)  may  also  be  pro- 
cured by  precipitatiui^  a  salt  of  bismuth  by  au  excess  of  ammonia. 

Bi«ii)uthic  anhtjrliiih  (Bi,0,  =  500).  or ]>er<yor)(lf  of  hisrnvtJt 
(BJO,  =:  250),  may  be  procured  by  digesting  the  washea  hydrated 
bismuthif  oxide  in  a  coiicentrate<l  dilution  of  potash,  and  trane- 
raittiiii!;  chlorine  gas.  A  blood-red  solution  of  bismutfuite  of 
potassium  is  thus  obtained,  and  a  red  precipitate  is  formed,  which 
ia  to  be  well  washed,  and  thcTi  digested  in  cold  nitric  acid  to 
remove  the  oxide  of  bismuth  with  which  it  is  always  mixed.  A 
red  powder  is  thus  left,  which  is  bismuthic  acid  (HBiO,);  by  a 
heat  of  270"  it  is  rendered  anhydrous,  and  assumes  a  brown 
colour.  At  a  somewhat  higher  temy>eriiture  it  loses  oxygen,  and 
becomes  converted  into  the  intermediate  oxide,  or  bismnthate  of 
bismutli.  According  to  Arppe.  more  than  one  of  tiiese  interme- 
diate oxides  may  be  fonned.  Bismtithic  acid  forms  salts  with  the 
alkaline  metals,  but  these  compounds  are  decomposed  by  mere 
Wftshiug  with  water.  The  acid  is  decomposed  by  concentrated 
sulphnric  acid  at  ordinary  temperatures,  and  by  nitric  acid  if  the 
tonip(>rat«re  I>e  raised,  oxygen  being  expelleui  and  a  salt  corre- 
epondirig  to  bismuthic  oxide  formed. 

(8t;»2)  BiRMrTTiic  Stri-PumK,  or  Sulphide  or  BisMtrrn  (Bi,S,  = 
51*»,  or  BIS,  =  258)  occurs  native  as  hi»mvth  glance  in  delicate 
needl«*s,  and  in  crystals  isomorphous  with  those  of  native  snl- 
phide  i>(  antimony.  It  may  be  formed  artilicially  by  fusing  tlie 
Tnet«l  with  sulphur:  a  fusible  dark  grey  compound,  with  a  feebly 
metallic  liistrc,  is  thus  obtained  ;  in  closed  vessels  it  is  decom- 
posed into  a  snbsulphide,  and  into  free  sulpiiur,  M'hich  distils;  in 
the  open  air  sulphuroiis  aidiydride  escapes,  and  bismuthic  oxide 
remains.  When  solutions  of  liismuth  are  treated  with  sul- 
phuretted hydrogen,  a  black  precipitate  of  the  sulphide  of  the 
metal  is  formed.  Sulphide  of  bismuth  is  dissolved  by  the  metal 
in  all  pi\»portion9,  a  eireumstajice  which  aflWds  an  eaey  method 
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of  itbtftming  it  in  crvfitals,  nince  the  gnlphide  crystuUizca  at~l 
teinpenitJirc  at  wliidi  tlie  metal  still  reiuaiim  flui^i. 

(.S<5H)  Tkkchloulde  OF  BirtMirriT  (Bid,  =  310-5;  > 
may  be  obtained  by  lioatiug  bifimuth  in  eiilorine,  or 
the  met«l  in  fine  po\v<ler  with  twice  its  weight  of  cotra 
sublimate,  and  distilling.  It  i*  a  very  fiisib^,  vtilatile,  i 
qnescent  compound  ;  bnt  is  decomposed  by  a  large  (piantity  of 
water  into  free  hydrochloric  acid,  and  oxychloride  of  bismnth 
[*2  (I3iCl„  Bi,0,)  .  H,0],  known  under  the  name  of  prarl  wMk. 
Thit;  compound  is  insobililc  in  tartaric  acid,  in  solnrioii  »if  potib*!!, 
and  in  sulphide  of  ammoTiium,  charactore  whicli  distinguish  it 
from  the  corresponding  compound  of  antimony. 

Tkriopideof  DisMrrH  (Bil, ;  Sp.  Gr.  o*t;.'i2)  is  obtained  by  h«^' 
in|^  in  closed  vessels  <>  parts  of  liismntli  with  1 1  uf  iodine ;  it  sublimes 
in  Bix-sided,  brilliant  plates.  It  is  readily  fusible,  n  dark  brown 
colour,  and  is  insoluble  in  water;  bnt  it  funn>.  .soluble  compouiidi 
with  livdrocliloric  arid,  an<l  witii  i«»didc  of  jnita^^sium. 

(S04)  Mtrafe  of  Bi^mn//t  (  lii  3  NO.,  5  I  !,♦->.  or  liiO,.  ^  NO,. 
10  nO=:Wi:;-t-l>n)';  SjK  Or.  2-37«!.— This  salt  i-^  the  otil 
wtluble  (compound  of  bismuth  of  any  importance,  and  i 

f>rocured  by  dissolving  the  metal  in  nitric  acid  :  it  may  he  crvwt*!' 
ized  from  the  acid  solution  in  large  transparent  prisms,  ff  tlie 
8<^)lution,  not  too  strongly  acid,  be  largely  diluted  ^vith  w.iter,  u 
acid  salt  remains  in  the  liquid,  and  a  suffnifrah'  falls  (9  BiNO,, 
II,0),  called  by  the  old  writers  mngiHtfryofhUimuth:  unother 
basic  nitrate  (Bi,0„IINO,)  is  also  known. 

(80.5)  Chaeaptehs  of  the  Salts  of  Bissftmi. — Bismuth  wLfU 
in  solution  presents  characters  less  marked  than  maiiy  metak 
Its  salts  are  colourless  unleja  the  acid  be  coloured  ;  they  are  p/i- 
sonous  in  large  doses ;  its  solutions  have  an  acid  reaction  ;  wLea 
diluted  they  become  milky,  owing  to  the  fonnation  of  sparinfflr 
soluble  basic  s.alts,  unless  a  large  excess  of  acid  be  present.  / 
zinc,  copi>er,  and  thi  throw  down  bismuth  from  its  solution*  in 
metullic  state.  The  hydrnted  alknUcs  give  a  white  precfip 
of  the  hydrated  oxide,  uiiii-h  is  iiir-oluble  in  txcess  of  the  prr- 
tant,  and  becomes  yellow  by  Imiling  it  with  the  liquid.  Solu 
of  the  carhnnatc^y  phosphates^  tartrates,  anA  ferr<KmnulrA  ^vts 
whiteprecipitates  with  its  salts.  Phosphate  of  bismuth  isir  '  :i  i- 
in  diluteil  nitric  and  acetic  acids,  and  it  has  in  coiiseipici 
proposed  by  Chancel  a»  a  convenient  form  in  which  phojpln 
acid  may  l)e  precipitated  from  acid  solutions  (44^).  This  p| 
phatc  is,  however,  largely  soluble  in  hydnMrblonf'ac:' 
hulphuric  acid  is  present  the  precipitate  generally  In  •<«- 

taminated  with  basic  sulphate  of  bismuth.     Sulvh  urcti 

throws  down  a  black  sulphide  of  bismuth,  wiiich  is  i.i^ U:  in 

sulphide  of  ammonium.     Vhromate  of  potasaium  givfts  a  yellov 
precipitate  of  chromate  of  bismuth,  which  is  insoluble  in 
polasM.  Imt   tVeelv  soluble  iti  <liinled  nitric  iieiij  ;   it    f*  t> 
ti  ■  'ifoiniite  of  lead.      /?';/ 

Ill '    .  -n  ch;irro;i,1.  and  vi'-M 

uruund  whieii  llie  ydlo 
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(8fifl)  Kstrmaiion  of  Bimnuth. — Bismuth  is  estimated  in  the 
form  of  bitJiuuthic  oxiae,  loO  parts  uf  which  correspond  to  SO-74 
of  the  inetaL  Carbonate  of  amrmmiutn  is  its  best  precipitant, 
hut  the  solution  must  not  contain  any  chUiride  or  hydrochloric 
ncid.  as  an  oxychloride  of  bismuth  would  in  that  case  be  precipi- 
t«ttH3.  and  a  portion  of  the  bisiiiiith  would  be  volatilized  with  tlie 
chlorine  on  ijjnition ;  the  metal  must  in  Buch  a  cai?e  be  precipi- 
tated in  the  form  of  sidphide.  It  may  be  eeparated  from  the 
alkalies,  from  titanium,  and  from  all  the  metals  of  the  first 
f(»ur  jjroups  (with  the  exce])tion  of  cadmium),  by  means  of  sul- 
phuretted hydrogen  ;  the  solution  having  been  first  acidulated 
■with  acetic  acid.  From  tin,  and  from  the  metals  of  the  fifth 
group,  it  may  be  separated  by  digesting  the  mixed  sulphides  (ob- 
tained by  transmitting  sulphuretted  hydrogen  through  the  liquid) 
in  sulphide  of  aiumonium,  which  leaves  the  sulphide  of  bismuth, 
and  dissolvc-s  the  other  suljihides.  The  sulphide  must  be  dis- 
Bolved  in  nitric  ncid,  and  precipitated  by  carbonate  of  ammonium, 
wUich  after  standing  for  a  few  hours  throws  down  the  whole  of 
the  bismuth  in  the  form  of  carbonate:  it  must  be  ignited  in  a 
porcelain  cnicible ;  carbonic  anhydride  is  thus  exjielled,  and  bis- 
mnthic  oxide  remains. 

Bismuth  may  be  separated  from  cadmium  by  the  addition  of 
ammonia  in  excess  to  the  solution  of  the  sulphides  in  nitric  acid ; 
the  cadmium  is  retained  in  solution,  whilst  the  bismuth  is  pre- 
cipitated. 


CHAPTER  XYin. 

GROUP  rn. — COPPER,  tEAU,  Aim  THALLIUM. 


Motalt 
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FuLilne- 
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StHUlflo 
Kinvlty. 

Elertrle 

coDduotlvltjr 

84"  K. 

Sr.:::: 

TbtOliam . . . 

Pb 
Tl 

«3-5 
207  0 
204  0 

710 
18-24 
17-20 

0-0951 
003  U 
0-0325 

1996 
617 
561 

8-952 
11-36 
11-862 

99-96 
8-32 
916 

These  metals  have  no  close  chemical  relationship.  Thallium 
18  a  monad,  and  resembles  silver  in  its  specific  heat,  but  is  more 
like  lead  in  physical  properties  and  in  its  compounds. 

E§  L  CoppKB :   eu"=63-5,  or  Cu=31-7.    Sp.  Gr.  from. 
\  8-921  to  8-952 :  Fu^ing^L  1996* 

(S(]7)  The  ORES  of  copper  are  numerous.     The  metal  is  fre 
qoently  found  native,  crystallized  in  cubes,  octohedra,  or  dendritic 
crrstaU]  or  elst  in  masses,  as  in  the  North  American  and  Siberian 


608 


roi'PER   gMKLTmO, 


minefl.     In  the  neifjlilxiurhood  of  LnkeSnporior 
massive  native  copper,  aj^nociatcd  with  silver ;  i ! 

Earts  two  foot  in  thii.-kness.     The  most  common  i»re  »i   «^^ 
owcver,  i*  the  c^opju-r  jiyrites.,  or  rJouhle  sulphide  o(  copy 
iron  (^u,S.Pe,S,),  wliicli  wcurs  in  the  primitive  nwks,  and^ 
cially  in  the  h'fJa/i,  or  clay-slate.    More  rarely  the  puru  stihwnlf 
of  copper  (GiijS)  is  found  in  the  mines  of  Coniwall  and  of  i| 
Ural   Mountains.       Other  less  abundant  ores  are  the  blue  an 
green  carlxmates,  and  the  red  ami  hlack  oxide?  of  ivipjier. 

The  Cornish  mines  funii.-sh  more  than  a  third  ot   tl' 
which  is  smelted  in  (ireat  Britain,  but  considerable  ?iipi'- 
are  received  from  <'hili,  Cuba,  and  South  Australia.     The  m<ii 
important  seat  of  the  copper  smelting  irt  Swansea,  wliich  iten^ 
forth  annually  from  18,000  to  aOjOOiTums  of  the  retinod  met 
North  Amenea   and   Saxony  supply  the  larger  jjortion  «»f  ll 
remjiinder.     The  Australian  ore  consists  chietfv  ot  the  green  an 
blue  carbonate  in  a  siliccotis  matrix;  thes^e  ores  contain 
to  35  percent,  of  copper.      Cuba  funii^htt  iKith  the  u\ 
the  Bulpludes  of  the  metal.     Many  of  the  ores  from  Ch 
valuable  on  account  of  the  large  projwirtion  of  silver  wliich 
contain.     The  Cornish  cuimer  pyrites  Ui^uallv  occurs  (mixe 
small  quantities  of  oxide  of  tin  and  arsenical  pyriteft)  ia  a 
of  q^uartz,  fluor-spar,  and  clay. 

(868)  Extnu'thn. — The  main  objoet  in  the  treatmcTit 
an  ore  as  the  CorniHh,  is  to  oxidize  and  remove  the  sul, 
arsenic  in  the  form  of  suljdiurous  and  arsenious  anhydrid*. 
to  jret  rid  of  the  (luartz  and  oxide  of  iron  in  the  form  <»f  a 
slag,  composed  ot    silicate  of  iron   combined  with  otiier  uarfhf 
impurities,  leaviuo;  metallic  copper  free  from  admixture. 

After  the  ore  has  been  raised  from  the  mine  it  is  sorted;  ill 
pure.>^t  portions  are  broken  into  small  pieces  of  the  Bize  of  a  ha 
nut,  and  the  earthy  portions  are  crushed  and  sifted,  hs  tn  wa«hic 
tin  ore.     The  EMgli(i.h  ore  Is  usnally  so  iuixe<l  that  it  may  oontaiT 
an  averajre  of  S^  ncr  cent,  of  cop|jer. 

The  theory  ot  copper  smelting  as  practij^cd  at  Swii 
that  of  many  other  ooerations  in  the  arts,  is  simple,  tii'    ,_, 
working  details  have  tno  appearance  of  l>eing  complicated.*    Ti 
principal  processes  may,  however,  be  enutnerHted  us  follows: — 

1.  Calcining  the  ore. 

2.  Melting  and  granulating  for  coarse  metal. 

3.  Calcination  of  the  coarse  ineliil. 

4.  Melting  for  fine  metal. 

*  The  ttppirent  coinpUc^tion  of  xhe  [irf>i' 
merits — viz,  from  the  ciriMim=!.iru <•  rli.ii  it  . 
every  variety  of  ore,  »iiil   ^ 
plcxkty.     Le  PltiT  pniiitiHriil 
rociliwl — 1.   Pyi 
orvs  of  llif  Ron  I 
,-,v;,i,,-  ..f  ...,..■>... 
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5.  Honsting  of  the  fine  metal. 
H.  Rtfiniii;^  ami  tiiUirhonitur. 

We  bIikII  riiiike  a  few  reinarfcs  xxpon  each  of  these  processes  ia 
8Ucccs.*ion, 

(8t!9)  1.  Calcining  the  Ore. — The  calcination  is  conducted  in 
large  reverberaton'  liirnaces,  upon  quantities  of  ahnut  3  tons  at  a 
time;  the  lieut  h  niuderati',  so  iis  to  iivnid  fusing:  the  niiis^,  which 
is  Bprcail  t^veuly  over  the  tlourof  the  furnace,  and  stirred  at  inter- 
vals of  2  lumrs;  tliis  roasting  is  e<»ntnincd  fi»r  12  hours,  at  the 
endof  wliieli  time  the  nuins.  is  converted  into  a  bhiek  powder  con- 
taining stdpliide  of  eo|>i)er,  oxide  and  undeeotnposed  sulpliide  of 
in>u,  and  earthy  impurities.  ().vygen  has  a  stronger  attraetion  for 
iron  than  for  copper,  but  the  attraction  of  sulphur  for  copper  is 
greater  than  for  ii'on ;  and  the  eft'ect  of  tlie  rotisting  is  seen  in  the 
prtxluction  of  oxide  of  iron  and  sul]>hurou6  anhydride,  whilst  the 
sulphide  of  copper  remains  unacted  upon.  During  this  and  the 
subsequent  jtroeesses,  abundant  white  deleterious  fumes  are  given 
oft";  containing  arsenious,  sulphurous,  sulphuric,  and  hydrotluoric 
acids,  and  a  certnin  portion  of  metallic  arsenic.  These  fumes  hang 
like  a  dense  canopy  over  the  smelting  works  and  their  vicinity : 
the  cloud  of  efy)j>er  »moke^  as  it  is  called,  may  be  discerned  at  tne 
distance  of  many  miles. 

The  ealcininff furnace  employed  in  Wales  is  shown  in  section 
in  fig.  351,  and  a  plan  of  the  hearth  is  exhil>ited  in  fig.  352.  a  is 
the  fireplace :  h.  the  biidge  ;  c  o,  the  hearth  or  roaj3ting  bed ;  d,  d 
are  apertures  in  the  floor,  through  which,  by  withdrawing  an  iron 
slide,  the  chai-ge  can  be  allowed  to  pass  into  the  ctth,  or  vault,  e. 
when  the  roasting  is  complete;  fyf&ve  the  flues ;  ^  is  an  opening 
for  the  admission  of  air  to  the  liearth ;  ii,  ii  are  the  hoppers  for 
charging  the  furnace,  and  t,  a  platform  over  which  the  barrows  of 
I  are  conveyed  to  the  hoppers. 

Via.  3S1. 


♦  Tlie  fuel  used  in  roasting  the  ore  is  chiefly  anthracite,  a  coal 
which,  under  ordinary  management,  yields  no  flame.  Flame, 
however,  is  absolntely  neeessary  to  the  proper  roa-sting  of  the 
copper  ore ;  experience  has  taught  the  copper  smelter  to  obtain 
tlua  deeideratani  by  limiting  the  supply  of  air  to  tlje  fuel  in  the 
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lire-gratc,  thus  causing  tlii:  cai'bonic  anliydride  wliioh  is  fcrrn^ 
at  the  lower  part  of  tiii>  Hre  tn  \w  ennvcrtod  intu  0JU-lM>ni«  uxi<i 
By  a  nice  aujiistiiit'nt  of  the  suiiply  of  air  tlir«»ii|j;h  g,  the  ritl» 
apertures   of  the   fiinisK-o    huhv^   olofted,  the   can><»nic  oxi<le 
grH<Uuilly  Imrneil  as  it  ijhtvs  over  the  or«  upon  the  hfurth,  c 
the  maximum  of  heal  J8  tlius  (tbtaluod  at  tlie  minimum  otwl 
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An  admirable  analysis  of  this  oj>eration  is  given  by 
lis  ehiborate  memoir  on  the  Welsh  method  tjf  cuw 


fiiel,  the  carbonic  oxide  beinaj  completely  burned  before  it : 

the  line. 

Play  in  hi 

smelting  {Ann.  fie^t  Jfinfji,  IV.  xiii.  128).* 

(S7<))  2.  ^[eltlvg  for  Coarw  Metal. — The  roasted  ore 
subjected  to  fusion  in  the  ore  furnmv  vniix  certain  pn>})«ir 
i*hi^,  the  produce  of  a  sulwetpient  operaticni,  of  KilieiMim* 
from  sulphur,  and  of  fluor-spar  if  neees<^arv  ;  by  thi^  niea 
charge  is  converted  into  a  fusible  slag.  eonsi!<ting  ehielly  of  < 
of  iron,  and  into  nulpliides  of  <'.ot»per  and  of  iron,  whicj 
through  the  slag,  and  form  what  is  termed  a  mati.     Thiol' 
occupies  aK>ut  5  honrs,  each  charge  contaiin'ng  abonf  1^ 
maste<l  ol'c     The  matt  thus  procured  contains  nlK^uf  33  pie 
of  cop}H?r;    it  is  run   off  while   litjuid   into  wafer,  by  wl 
is  granulated.     The  product  goes  liv  the  name  of  f-tr."' 
Tlie  .-.lag  which  floats  hImivc  the  matt  is  raked  mit 
iir  n  separate  H|K>rtnre.     It  ought  to  contain  no  a]>j' 
tily  of  copper. 

S.  Calcinntion  of  the  Coarna  3fetiil. — The  granulattvl  met*}  I 

•  The  heat  <nn!tt«d  during  the  e«mViii«t)rm  of  »fitliri«pir«  In  wtry  intp||««>.  to  IW 

item;  "■      , ■  )t»«  iiiiB 
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tho  flremao  usmorve  iMiriions  yi  iiii'  cJiaicr  *j  ii  n.-.iuiUaics 


COPPEB  BMELTWG — BLIBTEBED  OOPPEB^ — EEFININO. 


B^ain  rousteil  for  24  hours,  during  wliich  operation  a  largo  pro- 
|>ortiou  of  the  snlpliide  of  iron  is  converted  nito  oxide, 

4.  Meltltig  for  Fim  Metal. — A  second  fusion  is  perforuied 
upon  this  calcined  matt  with  the  addition  of  a  portion  of  copper 
ore  knowni  to  be  rich  in  oxide  of  copper  and  in  silica,  anil  to  con- 
tain hilt  little  iron  pyrites.  Ey  this,  means  the  oxide  of  iron 
ib  removed  in  the  fonn  of  a  fi'csh  slag  of  silicate  of  iron,  an«l  the 
oxyiicn  contained  in  the  freshly  added  oxide  of  copper  conijdetes 
the  iixidation  of  any  portion  of  siiliilude  of  iron  still  reniuiuing; 
the  oxiile  of  copper  and  the  whole  of  the  sulphide  of  .this  metal 
beiuK  iriluccd  to  the  state  of  subsulpliide  of  copper  (On.S)  i\r  Jiiie 
tinftal.  The  slags  from  this  process,  and  all  the  suhsequent  ones 
arc  j>reserved.  This  matt  contains  ahout  SO  per  cent,  of  copper.  It 
k  cast  into  pi^.  If  a  veiT  pure  metal  l>e  required,  the  roasting 
is  cairied  a  little  further;  a  [>ortion  of  the  metal  is  thus  reduced  : 
this  portion  contains  the  greater  part  of  the  foreign  metals,  which 
give  up  their  sulpiiur  more  readily  than  the  CMpj)er;  the  reduced 
metal  from  its  greater  density,  sinks  to  the  bottom  ;  the  npper  parts 
of  the  pigs  arc  subsequently  detached  from  the  lower  portions,  and 
the  ntetal  extracted  from  the  upjier  portions  of  tne  ingots  is 
known  in  the  market  as  leM  selected  copper. 

5.  Roasthuj  far  Blimttfred  Vitpper. — -The  fine  metal  or  subsul- 
phide-  is  nt»w  to  l>e  freed  ti-om  the  sulphur  which  has  hitherto 
i)een  useful  by  forming  a  fusible  comiiouiul  with  the  copper,  thus 
facilitating  its  seiiaration  from  the  inipuritics  by  which  it  was 
accom]>anied.  With  this  view  the  )>igs  of  fine  metal  are  next 
subjected  for  several  hours,  upon  the  be<l  of  a  reverberatory,  to  a 
heat  just  short  of  th.nt  required  to  fuse  them  ;  the  metal  by  this 
)iiean.%  becomes  oxidized  at  the  surface,  and  a  jiart  of  the. sulphur 
which  it  still  retains  is  also  oxidized;  at  hist  it  is  fused  :  areniark- 
Hble  reaction  then  begins  to  take  jiluce.  AVhen  oxide  of  cojtjK'r 
luul  sulisidjihide  of  cop|ier  are  lieHtcd  togetlier.  they  <lecomi)ose  each 
other;  sulphurous  anliydride  and  metallic  copper  are  liberated; 
<ru,S  +  2  t^uO  =  SO,  V  4  6".  It  is  not  desirable  that  the  tem- 
perHtui'c  should  be  too  strongly  raised,  as  the  oxide  of  copper 
would  then  combine  with  the  silica  s^till  present  in  the  mass,  and 
would  cease  to  exert  its  oxidizing  influence.  AtYer  the  charge 
ha*  bcofime  liquid,  the  tom|)erature  of  the  furnace  is  allowed  to 
fall ;  the  melted  mass  solidities  upon  its  surface,  and  an  ajjpear- 
Buce  of  violent  ebullition  is  ju-oduced  from  the  fornintion  of  sul- 
phurous anhydi-ide,  and  its  efl'orts  to  escape  from  the  tenacious 
mixturo  :  when  this  ceases,  the  desulphuration  is  complete.  The 
heat  is  now  rendered  very  intense,  the  copper  melts  and  sinks  to 
the  bottom,. and  separates  completely  from  the  slug,  which  con- 
pbte  chiefly  of  silicate  of  copper ;  the  reduced  metal  is  then  niu 
ftft'  int^i  sand  moulds.  The  ingots  thus  obtained,  Ix-ing  full  of 
biiblik*,  are  tcrmi'd  phiiple  or  hUdt-red  cujper. 

(■S71)  tl.  /irn'fii/aj  or  T(ni^/ieni'n{f. — The  bl istered  copper  now 
andorgoes  the  concluding  operation  of  refining.  From  7  to  S  tons 
of  the  metal  jire  placed  in  a  reverberatory  furnace  and  kent  in  a 
mvltod  etatti  fur  upwards  of  20  hours,  iii  order  to  oxidate  tke  laal^ 
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traces  of  foreign  metals  :  during  this  process  n  ^  •  •r  of' 

oxide  of  copper  is  formed  ;  part  of  this  oxide  i~  'li 

nielte<l  tuotal,  and  the  copper,  if  examined  at  this  Rtagrt-, 
to  be  of  a  dull  red  coloiir^  coarse  grained  and  brittle.     1\>  iT..i,..d] 
this  oxide,  the  slags  are  skimmed  oti',  and  the  siirfjice  is  covt-rwlj 
with  a  few  sliovelfids  of  anthracite  or  of  cliareoal  ;  the  inrtml  [| 
then  subjected  to  the  process  of  jKtfing^  in  wiiich  tlic  tmnk  of 
V'ung  tree  is  thrust  iiiti»  the  nmltcn  raetiil.      The  intlnniTi  "" 
ga*er<  disengaged  from   the  green  wood  an  it  chars,  prodi 
powerful  agitation  of  tlie  whole  mass,  and  in  about  20  minut< 
piling  is  huished.     The  re<lucing  intlncnce  uf  the  c««iubiii 
jases  iiiis  in  the  mean  time  been  brought  to  bear  upon  evcrji 
tion  of  the  melted  metal.     In  this  way  the  oxide  dit!n«>«l  thr 
the  uiHJsS  is  deprived  of  oxygen.     If  the  ]xding  be  t«urnV«l  tr«i  fir 
the  cojjper  again  becomes  brittle,  and  is  saitl  to  bf 
defect  may  oe  remedied  by  exposing  the  surfn. 
metal  to  a  current  of  uir.     If  too  little  poling  be  ustil,  the  mrti 
i»  still  brittle,  and  it  is  then  said  to  be  imih^rpfiled.     The  pr<»gn> 
of  the  poling,  therefore,  requires  careful  watching :  the  refine 
tests  the  metal  from  time  to  time  by  dij>ping  a  small  tcst-ladll 
into  the  melted  mass  ;  a  sample  of  copper  is  thus  remove*!,  utif 
cooled  suddenly  by  immersion  in  water:  the  graiii  of  the  eojij>rd 
is  judged  of  by  cutting  the  hammered  button  i>arti!>1ly  flir 
with  a  chisel  or  shears,  and  then  bending  it  by  pi 

vice.     If  properly  refined,  the  broken  surl'at*i  will  di-|  

stnicture  with  a  beautiful  silkj*  lustre.     If  uiiderjiolcd,  the  f'racttir 
will  be  granular,  with  a  number  of  red  points.     If  overpok«< 
filtres  become  coarser,  and  the  fi'acture  has  a  strong   m« 
lustre,  but  the  silky  appearance  is  wanting.     Wlien,  niMin  \.e» 
the  copper  appears  to  be  fine  grained,  fibrous  and  sillvy,  of 
colour,  and  nialleable,  it  is  either  Uidled  out  and  ea^t  into  ii 
or  it  is  cooled  suddenly  at  the  surfiice,  l>y  allowing  wiitirr  t<»| 
upon  it  ;  in  the  latter  case  rose  copper  is  prinluced,  and  sHcei's^iT 
films  arc  made  and  removed  till  all  the  Ttiet^l  is  constuned.     Ther 
appears  to  be  no  doubt  that  the  brittlenoss  of  nnderjioled  copw^ 
is  due  to  the  presence  of  red  oxide  of  copper  in  t.!io  metal,  and  MrJ 
Vivian  baa  suggested  that  orcrpoled  copper  may  be  defective  froc 
the  presence  ol  a  little  carbon.     Percy,  however,  wn 

ful  in  the  attempt  to  discover  carbon  in  overpoled  spci  

interesting  paper  by  Abel  on  the  non-metallic  impuriticM  of  rvfinpif 
copper  will  be  found  in  the  Journ.  C%rm.  Soe.  18K4,  p.  UH. 

The  slags  from  the  various  operations  are  carefully  remHt< 
and  the  copper  which  is  extracted  froui  them  is  tenne«!l  black 
J^fi  it  18  rnn  into  pigs,  which  are  subsequently  refined. 

The  presence  of  a  small  qnatjtity  of  tm  in  the  n  "      ' 
is  considered  to  be  advantageous,  us  the  toughnees 
of  the  metal  are' thereby  increased.     Antimony  is  ^ 
jurions  ;  so  small  a  quantity  .^s  10  ounces  in  the  ton 
pur  unfit  for  making  onLHS  that  is  required  for  rolling ;  an-! 
tnu'cs  of  nickel  and  (jf  bismuth  ai-e  also  said  "ii-utK  (■.  i. 
tenacity  of  tUe  tnelal. 
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(S72)  Kernel  nuMinnj. — W]»en  cuprifcrovKi  iron  pvriteB,  con 
tainini;  fruin  2  tt>  3  per  (;eiit.  of  coytpt-r,  is  In'okeu  into  lumps  of 
about  the  size  of  the  fist^  and  s^ulijoctt'd  to  a  very  gradual  roji^tirif^, 
a  large  portion  of  the  copper  beeouics  coneoiitnited  in  the  middle 
of  the  lump,  and  a  nucleus  of  sulphiile  of  copper  uud  iron  is  fonu- 
e<l.  This  nucleuB  or  kenwl^  u  surrounded  bv  a  more  or  less  porous 
sliell,  composed  raiiiuly  of  peroxide  of  iron,  which  may  be  detach- 
ed from  the  nucleus  by  a  blow.  Upon  the^e  obtservations  a  method 
of  i'o;istiiig  Copper  ore  ha.s  been  founded,  to  which  the  name  of 
X'ernel  roa«tin(j  u.as  been  given.  This  roiLStiiijj;  ii-  conducted  in  the 
Venetian  Ali)s,  at  Agonlo,  in  kihis^,  and  at  ^liilbach  in  enonnous 
heaps  in  tlie  open  air.  These  hcHps  are  in  the  form  of  a  truncated 
Bquare  pyramid,  the  baae  of  which  iri  about  3(i  feet  square  (406). 
Tlie  roasting  is  a  very  slow  operation,  requiring  from  5  to  G  moutlis 
for  it^  completion.  Spring  and  autumn  are  the  most  favourable 
eeasous  in  which  to  commence  it.  Sulphur  distils  oft'  to  the  ex- 
tent of  0'2  j)er  cent,  of  the  ore  ;  the  kernels  constitute  fnun  13  to 
14  per  dent,  of  the  roasted  muj*s,  and  they  contain  about  5  }>er  cent, 
of  metallic  cup|>er.  The  cauAcof  this  concentration  of  cojnier  in  the 
interior  of  the  nia^ss  is  entirely  unex])lained.  The  shells,  which 
retain  a  email  proportitm  of  siuphate  of  cojiper,  are  washed  to  ex- 
tract this  as  far  as  practicable,  and  the  roasted  ore  is  tlien  subjected 
to  processes  not  essentially  dift'cring  from  those  already  describefl. 
(Percy,  Jfctn/lurr/i/,  i.  439.) 

In  many  copjier  mines  the  water  which  is  pumped  up  is  iiii- 
pregnjitcd  with  sulphate  of  copper  derived  from  the  oxidation  of 
tlie  sulphide  by  exposure  to  the  air:  the  copper  is  easily  separated 
in  the  metallic  form,  by  collecting  the  water  in  tanks  containing 
scrap-iron:  the  iron  unites  with  the  oxygen  and  the  acid,  whilst 
the  copj)er  is  set  at  liberty :  GuSO^-f  Fe=PeSO,  +  Ou. 

When  the  ore  consists  of  the  oxides  and  carbonates  of  copper, 
it  is  easily  reduced  to  the  inetalllc  state  by  simple  fusion  with  coke 
or  charcoal,  o.xide  of  iron  and  lime  being  added  in  qnnntity  suf- 
ficient to  i'onn  a  fusible  slag  with  the  silica  wliich  usually  accom- 
jtanies  the-se  ores;  tlie  copper  is  rendered  tough  by  a  process 
analopjus  to  that  of  poling. 

Tlie  copper  of  commerce  is  often  very  nearly  pure.  Tt  contains 
luiuutxt  quantities  of  ai'senic,  of  ii-on,  of  lead,  and  sometimes  of  tin 
and  silver.  Abel  has  detected  traces  of  selenium  in  some  speci- 
incns,  and  of  sulphur  in  othere.  Copper  may  be  readily  obtained 
in  a  state  of  j»erfect  jmrity,  by  decoiiquvsing  a  solution  of  pure 
sulphate  of  coi)pcr  by  means  of  the  voltaic  battery :  it  is  then 
deposited  in  coherent  plates  upon  tlie  negative  electrode. 

(873)  Properties. — Copper  is  one  of  the  naetals  which  has  been 
longest  known  to  man:  before  the  art  of  workiii"  iron  was 
miuerstood,  it  was  in  extensive  use,  either  alone  or  alloyed  with 
tin,  for  many  of  the  puqwses  to  which  iron  is  now  applied.  It 
10  of  a  well-Known  red  colour,  and  has  a  peculiar,  disagreeable 
odour  and  taste  when  moistened  and  rubbed.  It  is  rather  a  hard 
metal,  very  tenaciinis,  ductile,  and  malleable;  after  it  had  been 
tncU<.'d  boueatb  a  layer  of  common  salt,  to  exclude  atmospheric 
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air,  pure  copper  was  foiind  by  !^'  'f  »' 

6p.  gr.  of  S'921  :  tlio  density  \\<  ^      md 

when  drawTi  into  iiue  wire  it  wiis   obtained  us  tiifrtt  ms  >'tf.'i2; 
Daniell  eetiraated  it«  l\isiag-poiut  at  l*,>yO°  F.     "VVhtn  healal  1o  j 
u  temperature  approaching  its  melting-point  it  bocomee  so  hrittlo 
that  it  may  he  reduced  to  powder,  and  an  injjot  ni:m  '     !     Vco 
by  a  blow  from  a  hummer.     If  exp<»&od  to  a  verv   i  'aL, 

copper  ii.  capable  of  volatilizMtion,  but  it  is  usual'  (  to 

be  tixed  in  the  fire.      By  shiw  voltsiic  a<"tii>n  it  i  ued 

crj'stallizcd  in  cubes  and  oetohedra,  and  is  siunetime^  fotirnl  nativH 
in  tlie«e  forms.  It  ranks  amongot  the  best  conducturs  <»f  heat 
an<l  electricity.  If  lieated  to  rcdne&s  in  the  oiK>n  air,  eopiwr 
combines  witli  oxygen  rajddly,  a  layer  of  oxide  is  formed  npun 
tlie  Burface,  and  n&  the  oxide  contruet*;  more  slowly  than  tljoj 
metal  beneath,  it  scales  nff  if  siiddeidy  eonlcd,  !        '  "    '■Ad,\ 

clean,  metallic  i^urface.     Coj>per  i*  not  uxidizeil  i  tn 

redue^ii  in  a  current  of  steairi.     Exi>osure  to  a  mnittt  uir  at  ufdi* 
uary  temperatures  ha*  no  effect  U]>oti  copper;  neither  hit«  nnraj 
water;  but  in  sea  water,  or  in  solutions  of  the  chlorides,  tt  \al 

frjuluallv  corroded  with  the  formation  of  an  oxycldoride  of  copucr.l 
inely  (fivided  copper  becomes  ignited  when  touched  with  n  J:i»'W-J 
ing  coal,  and  bums  like  tinder,  being  converted  into  the  black 
oxide.     Chlorine  attacks  the  metal,  which  when  in  tli«  fimn  rtfi 
leaf  takes  fire  in  the  gas  sixuitaneously.     Nitri<'  a<'id  -  iitnij 

diesolveB  the  metal  with  rapidity.      Oil  of  \-itriol  <  :ut' 

upon  it  in  the  cold,  bnt  if  heated  with  it,  the  Jieid  i*  ■ 
sulphurous  imhydride  being  evolved  and  oxide  of  eoj.j 
which  reacts  u]»on  the  excess  of  acid  to  form  the  sulphate  (410).j 
Hydrochloric  acid  with  access  of  air  fliiwulvcs  it:  but  if  air 
excluded,  it  has  no  such  effect  at  ordinary  temperatures;  tltonidil 
if  boiled  upon  the  finely-divided  metal,  it  di^i^olves  it 
and  hydrogen  is  evolved  ( Odling).     O  ipj)er  also  decon 4 
chloric  acid  g:is  when  heated  in  it  to  redneas.  cnnrtMinr. 
being  formed  and  hydrogen  separated.      The  fixed  alkali' 
little  action  on  copper,  but  ammonia  gradually  dissolves  the  metal  if  j 
the  air  has  access  to  it,  slow  oxidation  taking  place     IJeforo  the  oxr- 
hydrogen  blow-pipe  it  burns  with  a  green  tlame,  and  if  introdn(«d 
into  a  name  of  gas  or  of  alcohol  it  communicateii  to  it  a  l' 
Uiiee. — The  ai)i>HcatioU6  of  copper  in  the  arts  ari' 
rous.     ludepeudeutly  of  its  use  in  coinage,  vast  (piantities  ..t  il 
are  annually  consumed  in  the  sheathing  of  ships*  and  in  Omsj 
manufacture  of  hollers,  and  of  varimis  utensils  fur  domestic  pur- 
poses.    It  also  forma  the  basis  of  a  nuiuber  of  vidun'''-^  -11.  i-  (n  f 
extensive  use:    with  zinc  it  f\iruishes  the  different  <»< 

braAs;  and  with  ilifferent  ]>rojiortion8  of  tin  it  fornw  In-. mi,-.,-,  U-II- 
metal,  gun-metal,  and  spe<-iilnni-nictal  (S12);  whilst  it*  oxiilw 
and  salts  are  largely  employed  as  pigmentSj  and  yield  iirticlis*i<f 
Bome  importance  in  the  materia  meuica. 

*  Fercj's  experiiDeota  appear  to  show  that  thn  pivaovoo  of  •  Rsall  <iuu>tt|T  «f 
phosphoraa  in  the  copper  tuM  somt.*  eStct  In  protccUng  (Ito  moUl  ttnoi  lli*  iwrMiMl* 
tiction  of  ac«  water. 
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copper  anfl  pilieon  containln^^  12  per  cent,  of  tlij 
latter  mny  be  obtained  by  fii^iiii!;  together  '.i  parts  ol't-iliL-Mtimtridc 
of  |Kit!u«siiiia,  1  part  <if  biMlinin  ami  1  of  copjter  turiiiii]ti;6 :  it  iV 
liui'd,  brittle,  and  white,  likt*  biniMUth.  Aimtlier  silloy  may  Ik; 
obtained  by  prolonged  heating  of  a  njixture  of  sand,  charcoal,  and 
(Mjpiier:  when  it  contains  48  )»er  cent,  of  silicon  it  is  of  a  Hnt* 
bronzo  colour.  It  is  as  fusible  a*  bronze,  very  ductile,  and  yield™ 
a  wire  a  little  eotler  than  iron,  but  quite  as  tenacious:  it  may  be 
worked  well  at  the  lathe. 

(874)  Bniss. — The  combination  of  zinc  with  coj>]>er  lini<  a 
•well-known  yellow  colour,  tlie  tint  of  which  beeonien  ]>aler  in 
proportion  as  the  quantity  of  zinc  is  inorease^l.  A  ctirious  ob- 
eervalion  npoit  this  point  was  made  by  Mr.  I).  Forbc!*,  who  found 
that  a  brittle  cry.■^taliine  alloy  of  a  silver-white  colour  may  bo 
fomie«l,  containing  5iJ41>  ])er  cent,  of  zinc,  and  consisting  of  7 
eijuivalents  of  cojipi-r  and  s  of  zinc  ;  but  if  the  quantity  of  zinc 
were  either  iiu-reaised  or  diminished,  the  alloy  had  the  uisual 
yvllow  colour  of  bnuss.  The  si)eciHc  gravity  of  brass  is  greater 
tluin  the  mean  of  that  ofc  the  metals  which  form  it.  Ordinary 
braif«  has  a  sp.  gr.  of  8'2ft ;  it  contains  al)out  04  per  cent,  of  copper, 
being  nearly  €:u^n.  Brass*  which  contains  25  per  cent,  of  zinc 
melt*  at  1750°  (Daniell),  and  a  larger  proportion  of  zinc  increasert 
ita  fusibility.  I'v  expv».-nre  to  a  long-sustairvcd  high  temperature 
in  i'lose<l  vessels,,  the  wlmle  of  the  zinc  may  be  expelled,  and  it 
is  not  po.N&il)lc  to  lusc  the  alhiy  without  losing  a  j;ortion  of  the 
zinc.  The  alloys  of  zinc  and  coj>per  are  nnilleal)le  when  cold,  but 
are  generally  brittle  when  hot.  An  alloy  largely  used  under  the 
unme  oi'  Munts  nwUil^  or  yellow  mtttaly  for  the  sheathing  of  ships, 
may  be  rolled  whilst  hot;  it  contains  2  equivalents  ot  zinc  to  ?, 
of  copper,  or  ♦j'.>  i>er  cent,  of  copper.  The  addition  of  about  2 
jHjrcent.  <if  lead  t<i  lirass  improves  it.s  qiuility  if  it  is  to  be  used 
St  the  lathe;  it  dinunishes  \\^  toughness,  and  prevents  it  fmui 
hanging  to  tlie  tool  and  clogging  tlie  tile;  but  if  intended  for 
wire,  the  presence  of  lead  must  be  avijjded,  A  very  small  jiro- 
^•ortion  of  tin,  even  if  it  does  not  amount  to  1  part  in  200.  ureatly 
increases  the  hardness  of  the  alloy.  The  ordinary  hnrd  »o]doi'  for 
hra«s  is  an  alhiy  <!ousisting  nf  2  parts  of  brass  and  1  of  zinc.  lirasd 
isnsnally  made  by  melting  granulated  cu])pt'r  in  crucibles  with 
rather  more  than  half  its  weight  of  zinc:  t'urnierly  a  mixture  of 
calamine  and  charcoal  was  substituted  wholly  nr  jisutinlly  for 
metallic  zinc.  At  Swansea,  the  Muntz  metal  is  prei»arcd  hy 
melting  the  two  metals  in  a  reverlieratory  furnace,  wliicn  enables 
a  large  quaJitity  of  the  alloy  to  be  pre]nired  with  rapidity  ;  but 
the  process  is  attended  with  a  considerable  waste  of  zinc. 

Ge^lge's  and  Aieh's  alloys  consist  of  a  Tuixture  of  copper,  zinc. 
and  iron,  which  can  be  foiged,  cast,  rolled,  iir  drawn  into  wire  : 
100  parts  of  the  best  <lescription  of  Gedge's  alloy  contain — copper 
6m  parts,  zinc  ?{S'2.  and  won  I'S  part.  It  is  very  hard,  and 
appeiipf*  to  lie  well  adapted  to  the  sheathing  of  ships.  It  accjuirea 
ureat  atitfueM  and  elasticity  if  workeil  cold,  but  may  bo  sot'tencd 
%•  auncaling.    Another  alloy  of  a  similar  kind,  tenued  «<<;ri'0' 
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mrUil,  consists  of  copper  55'04,  zinc   42*36,  iron  1"' 
(•■83  jMirts. 

(875)  Oxides  of  Coppeh. — TIutc  are  twn 


Iff  copper,  l»oth  of  wliieh  are  fdutid  in   tlio  iiai 
(1  (    ' ' 


oxiilen 

the  red  oxide  or  sulMixitle  ((?u,0),  and  tlie  black  ojcidi- 
wliich  is  tlie  basis  of  the  ordinary  salts  of  the  metal.     1C>—  ..^ 
hitely  pointed  out  the  existence  of  a  t>till  loM'er  «»xido.  whidi  bci 
terms  a  quadrtiut.oa-'ulc  0u,O,jrIIjO),  wliifli  i:?.  only  !  i>«i 

ijreen  hydrate  of  extreme  oxidal»ility,  obtained  by  l'  « 

dalt  of  copper  in  ebised  vessels  tor  24  hour»  witli    r  '<t 

stiinnuiiB  cldoriile  dis.SL)lve<l  in  a  hiif^e  exeetvs  of  ean-  _  xAx. 
Some  indi»?ation8  liavo  been  obtained  of  the  exiiiteuce  of  a  still 
higher  ^>xide  than  6^uB,  probably  <:'u,0,, 

Sufx/xule  of  Coj)/M!r,  or  (SijyrMU^  Oxide  (€u,0  =  143,  or  Cn/)  j 
=  71-5  ;  Sp.  Or.  5-75;  Cvmp.  in  lno  j>i.trt«,  Cu,  SS-8;  O,  ll'a).] 
— This  cornponnd  oceni"s  native,  eiystjdlixeil  eith(?r  in  tlm  iicto^y 
hedron,  or  in  some  of  its  derived  forms,  or  el&e  in  « 
or  in  huiu'llar  nuisses.     Tliere  are  vurioue  wave  "i 
oxidt*  artiticially  ;  one  of  tlie  best  cfitisists  in  iMtiiinfj  ibe  dd«jipio] 
acetate  of  cupper  with  siigai*;  the  oxide  of  eoj>iM*r  conti^initi  in 
the  salt  is  thus  deprived  of  half  ite  oxygen,  ana  the  red  oxide  is 
dci>osited  in  small  iR^tohedra.       It  may  also  l>e  procttrt'd  by  i^iit- 
ing  5  parti?^  of  powdered  black  oxide  of  copper  with  4  ptirts  of  ^ 
(■oj»per  tiliiisjs,  in  a  coveruci  crucible.     The  red  oxide  fii 
full  red  litsit.      By  decomjiosinir  cupreous  cldfuidc  wob 
of  jKitasli  it  is  i>btaine<l  as  an  uranjj^'-yellow  hydrati 
Mitsclicrlich).     in  this  condition  it  is  readily  a': 
A  cupreous  sul|)hate  as  well  as  earbnnat*-  and  acelati*  up]«c(ir !« 
exist.     The  cupreous  salts  are  unstalile,  and  abwirb  i>xym»n  rvaiUiiyJ 
Some  of  its  double  salt*  are  more  stable  :  »»nlphitr  nt"  roppvrantlX 
pfttamunn  (€^u,S<,^„  2  K,t?0, ;  Mtisomtt.)  may  be  obtiiined  !w>  a  yd- 
Tow  insoluble  precipitate,  by  mixint^  solutions  id'  nonnal  or  of 
acid-sulphite  of  fKitassium  with  cupric  eulj'liate;  in  this  caM',  thO| 
cu}iric  salt  is  rcdui>ed  to  the  state  of  cn]»rcoU!»  salt  by  the  *n\- 
phitc. 

Tied  oxide  of  cop]>er  is  soluble  to  some  extent  in  ntetnllicj 
copi)er,  which  it  renders,  in  technical  ternjft,  dry,  or  brittle.] 
Abel  founil  as  mu<'h  as  4-tt  of  the  suboxide  in  a  specimon  of  very] 
<lry  copper  which  he  examined.* 

•  Abel  hns  oontriveit  n  tnellio<l  of  ilctermiiiinir  the  atnount  < 
foiindfd  upon  the  I'aot  thnt  BiilHJxklo  of  (vijipiT  i1i><r>m|v-'-i  f  • 
silTer,  furnishing  an  in^olulilp  \mf\o  nitrutp  of  cuppor,  t'ti  ' 
2NO,,t'u©.      This  basic  anit  is  soluble  in  dilute  nulphuri 
2  U,KH.  =  2  nN»),  +  ll,0  +  2  ■('uSO,.     The  pt 
gming  of  the  oopfwr  for  trial  in  a  noliitioii  nf  i 
in  thp  cnM,  for  ilireo  or  four  hours,     'rtiti  iiwl 
wusht^U  into  tho  isohitiou  of  silver,  tlriyl,  au<J  > 
silver  uud  insoliiUe  basic  uilrutc  of  c«3pp>-r  is  ►. 
tloti,  llien  wasliod,  aij>l  dii:»?au<u  for  tmlf-iin  lioui'  «'>tU  u  I.. 
Bulphiiric  aold,  beinj?  froi|iji-ntly  ntrttntcil  uith  it.     U  l- 
wuifiilized  by  cnrbonntt  of  noda.      T' 
nitrate  of   cop|>tT  firtrishi'H   llip   n 

coiijxt;  80  prdins  of  Sw,  l)oin(j' chu......  ,...  ^ 

to  lis  uf  suboxide  of  oupp«r. 
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irons  suboxule  is  resolved  by  most  of  the  stronger 
acids  into  a  cupric  salt,  iiud  into  luetidlio  <'(»|iiii'r.  Nitric  acid 
converts  it  into  ciipric  nitrate  :  liydnnrhlonc  acia  converts  it  into 
thu  ctipreous  chloride,  which  is  sellable  in  the  excess  of  the  acid. 
Eydrated  cupreous  oxide  is  5olul)lc  iu  a  solution  of  ammonia, 
forming  with  it  a  colourless  liquid.  This  solution  is  an  extremely 
Jclicate  teut  of  the  presence  of  oxygen  in  u  ea-seous  tnixtiire;  a 
mere  trace  of  oxygen  causes  it  to  aasuine  a  ^ilue  tint  from  the 
formation  of  the  black  oxide  of  copper,  which  wlien  dissolved  in 
a  solution  of  ammonia  luis  an  intense  blue  colour.  The  principal 
emi)lovmont  of  suboxide  of  copper  is  iu  the  manufacture  of 
fitamecl  glass,  to  which  it  imparts  a  beautiful  ruby  or  purple 
colour. 

(STO)  (hxprio  oxidey  or  U<tck  oxide  of  copper  (Gu0=79'5  or, 
CuO=39-7);  Sp.  ar.  6-5:  Conq^.  in  100  part^,  eu.  79-85;  O, 
20*15. — This  oxide  is  a  compound  f)f  considerable  irnportanco  to 
the  chemist.  It  is  employed  largely  as  a  means  tif  furnishing 
oxygejj  to  organic  substances  iu  the  regnhited  Cl>nll.l^s^tion  by 
means  of  which  their  composition  is  determined.  The  best  pro- 
cose  for  obtaining  the  black  oxide  of  copper  consists  in  dissolving 
copper  in  pure  nitric  acid,  and  decomposing  the  resulting  nitrate 
ii»  an  earthen  crucible,  liy  the  apjilicntion  of  a  red  heat:  the 
water  and  the  nitric  acid  are  thus  ex]>elk'd,  and  the  black  oxide 
remains  in  a  state  of  purity :  the  heat  should  be  long  continued, 
but  not  too  violent ;  otherwise  the  oxide  sinters  tt>gether  and 
concretes  into  hard  masses,  which  are  pulverized  with  ditiiculty, 
A  very  pure  oxide  is  also  furnishe»l  by  the  decomposition  of  the 
csrlK>nate  by  boat;  or  still  more  8im[ily  by  heating  a  plate  of 
coj)per  to  redness  in  a  bnsk  current  of  air,  and  suddenly  quench- 
infr  it  in  water,  in  which  ease  the  «»xide  separates  in  black  scales. 
It  may  be  obtained  as  a  hydrate  of  u  light  liluectilour  (<:3uO,II,0), 
from  any  of  its  salts,  by  the  addition  of  a  slight  excess  of  hydrate 
of  potash,  washing  quickly  with  cold  water,  and  drying  at  ordi- 
nary temjierature*:  when  boiled  with  water  it  becomes  bhick  and 
anhydrous.  This  hydrate  is  soluble  in  an  excess  of  a  solution 
of  ammonia,  fonning  a  liquid  with  a  splendid  l>h]e  colour;  if  slips 
of  raetallic  copper  be  introduced  into  a  bottle  whicli  is  tilled  with 
tbLo  liquid,  and  closed  so  as  completely  to  exclude  the  air,  a  por- 
tion ot  the  metal  equal  to  tliiit  already  iu  solntion  is  dissolved, 
the  metal  deriving  oxygen  from  the  oxide  already  in  solution, 
both  portions  being  thus  reduced  to  the  state  of  cupreous  oxide; 
€Ht-J-0uB=:<rii,O  ;  the  colour  gradually  disappears,  since  cupreous 
oxide  produces  a  colourless  solution  with  ammonia ;  but  the 
moiuent.  that  air  is  afhnitted,  the  blue  colour  is  reproduced. 
Blivck  oxide  of  copper  is  soluble  in  oils  and  fats,  so  that  gresvsy 
matters  boiled  in  a  copper  saucepan  which  is  not  kept  bright  are 
liable  t4i  become  impregnated  with  tlie  metal.  Oxide  of  cojiper 
combines  with  ghiss,  an<l  gives  it  a  beautiful  green  colour.  The 
oxide  \&  hygroscopic,  particularly  if  in  a  finely  divided  state,  and 
it  absorbs  water  rajiidly  from  the  air.  Its  oxygon  cannot  bo 
expelled  from  it  by  mere  exposure  to  heat,' but  if  the  oxide  be 
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p!iiii^('(l  into  an  atmosphere  of  hj-jlroo^en  while  %< 

nosi'd  with  evolutinn  of  liijht  aii«l  lieat,  while 

liluck  oxide  of  copper  is  solubla  in  most  of  th«  iw^iii*,  Kua  ouu 

bines  with  them  to  form  salts^  whit-li  lisive  a  ^rovu  or  a  llus 

colour.    When  f\ised  with  hydrate  of  ]>ota6h  orof  sotla,  tiiroxidc:^ 

of  ropjier  combines  wn'th  the  alkali,  forming  a  groeDiftli^bloe  taum^ 

which  is  decomposed  by  the  addition  of  water. 

Tlictiiinl  olitained  a  combination  of  peroxide  of  hydre 
oxide  of  copper;  it  was  of  a  yullowitih-brown  colour, 
moi^it  cjui<kly  underwent  decompositioti  at  onlinarv 

(S77)  Hydriok  of  Coim'KB  (<ruH,  or  ()u,II). — I'm 
was  obtained   by  Wurtz,  as  a  brown  hydrate,  when    li 
nhomuri  acid  wtis  mixed  with  a  solution  of  sulphate  of  C"; 
Iieated  to  nearly  140°.     It  is  verv  unstable  :  when  dry.  ; 
donly  resolved  at  158°  F.,  into  hydrogen  ga«  and  fr    ' 
metallic  copper.     It  takes  fire  spontaneously  in  triu- 
Hydr<»chlnri(!  acid  fi>rins  with  it  cupreous  d 
a  brisk  tliseiijiagement  of  hydrogen.  Thii;  di  - 

fen  g!is  h  reiiKirkable;  Brodie  explains  it  by  suppn 
ydrogttn  of  the  hy<lride  anil  that  in  the  aciil  are  in 
trical  i>r  polar  conditions,  in  consequence  of  which  t 
tlie  moment  of  liberation  and  fortn  /n/ilrkU  of  hydroij<  /<,  .ir  mun.'- 
gen  gas;  thus  euII-f-IlCn=eu(M  +  lIlI. 

(H7S)  Nhntle  of  cupper  ((ru,N)  is  obtnined  ^ 
current  of  dry  annuonincal  gas  over  finely  jiow  ^ 
of  copper  heated  to  4S0°  ;  water  and  nitrogen  gas  arv  v.\'  • 
tlie  nitride  is  left  as  a  dark-green  powder,  which  when  i 
about  '>J><>'  explodes  feebly,  emitting  a  red  light;  strong  iicida  <W- 
compose  it  with  evolution  of  nitrogen  gas. 

(ST'J)  ScLPiitnEd  OF  Coi'pKK.— These  are  three  in  uoiubec: 
ea,S;  euS;  andeuS,. 

S>ihnn\pkifUi  of  copper,  or  onprcou*  ntJjthhle  (Ou,S:=ir''' 
Cu,S=;7y'r» ;  >sy'.  ffr.  5'7-io — .'r'J77),  is  a  polY  mineral  of  a  >i 
colour,  occasionally  found  native  in  ma8scs,  but  more  oft' 
sided  j^riMiis.     Ir  is  WLsily  fused  by  heat  in  closed  vt-sscU ;   i. 
acid  and  aqua  regia  decoini»ose  it  readily,  but  |iv,Ii,.,lil,.i;,- 
does  not  diastdve  it.      It  may  be  formed  bj- 
3  parts  of  sulphur  ami  S  of  copper;  vivid  incanil 
the  moment  of  combination.    It  forms  ilmjine  in 
smelter. 

Ciiprii'  Mit/pkid^,  or  aiUphiji^  of  coppur  (GuS=f*5'5,  fvf  Pn?^ 
47'7)  may  be  proc.ure<l  by  the  direct  onion  of  it 
15  also  occiifeionidly  found  native  (»p.  gr.  S'>S5J  in  , 

a  blue  colour.     It  may  likewise  bo  olitaiued  m  the  forai  of  ft( 
brown  hydrate,  by  deconmosing  any  of  the  salts  of  -■•'■'■•'• 
stream  of  sulphuretted  hyrtrogen  ;  this  hydrattj  ix  <jui. 
by  exposure  to  the  air,  becoming  converted  into  sul 
per,  and  it  is  dissolved  easily  bv  nitric  acid  and  b\ 
Sulphide  of  copjit^r  is  iu.solnbl(?  in  a  s<)ltition  of  r 
slum,  but  it  is  soluble  in  one  of  bisulphide  of  an 

The  coppar  pij rites  (*x/yrtj.  4't})  or  ordinary  oruul  i?up{i»r,  •*• 
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sfsts  of  a  double  sulphide  of  copper  and  iron  €uPeS„  or  Cn,S, 
Fe,S,.  It  is  uf  a  yellow  colour,  and  luis  a  bnisny  lustre :  it  ia 
Boinetimes  found  crystallize<l  in  tetralifdra,  hut  it  asually  (xicui-s 
in  amorphous  niassos,  •with  a  conchoidal  granular  fracture,  and  ia 
li!S6  hard  than  iron  pyrites.  The  variety  called  variegafed  or 
2>^4H'iick  org  contains  a  Iar;^or  propoitioii  of  pulphi<le  of  eupper. 
These  coiupoundi?  are  rapidly  oxidized  and  dissolved  by  uitric  acid 
or  by  a<pni  reiiia,  but  not  by  hydroehlorie  acid. 

All  the  hulphidefi  of  copper  are  decomposed  bv  roasting  them 
in  air;  if  the  temperature  be  higli.  suljihurous  anliydride  esej<f)e9, 
«n<l  oxide  of  copper  remains  behind;  at  a  lower  temperature,  sul- 
phate <»f  copper  IS  forme<l. 

Sulphide  of  cojjper  forms  likewise  a  natural  condjinatiim  with 
isulpliidp.t  of  lead,  silver,  antimony,  and  arsenic,  constituting  grey 
c<Tpper  ore,  or /rtA7ev*3 .'  this  mineral  is  essentially  a  quadribasic 
Bnljihantimonite  aiui  sulpliai-senite  of  copper  and  iron ;  it  varies 
c«>iisid<Tulilv  in  the  relative  proportions  of  its  constituents,  and 
often  contains  zinc,  lead,  silver,  and  n^ercury.  It  crj'stallizes  in 
fiirma  derived  from  the  regulai*  tetridiedron,  and  in  comi)osition  it 
corresponds  to  the  general  formula  (4  MS,  N,S„  4  M,S,  N,6j),  in 
•which  M  represents  the  electro-positive  metals,  M,S  being  usually 
piibsnlpbide  of  copper  or  puhsulpliide  of  silver:  whilst  N  indicates 
the  electro-negative  metals,  arsenic  or  antimony.  The  principal 
Torietiee.  of  the  ore  are : — 1.  l^nnantiis  (FeS,  3  (?uS,As,S, .  4  Ou,S, 
Ai>,S, ;  9p.  gr.  4-375),  a  sulphnrsenite  of  copper  and  iron,  of  a 
leaden-grey  colour ;  the  copper  in  this  ore  amounts  to  about  48 
per  cent.  2.  Liffht-grey  atpper  ore  (*p.  jrr.  4"5  to  4*7),  a  mLxture 
of  sulpharsenite  and  sulphantimonite  of  zinc,  iron,  copper,  and 
eilvor:  colour,  steel-grey.  3.  Dark-grey  copper  ore  {ftp.  gr.  4'7 
to  4*9)  contains  little  or  no  arsenic ;  it  is  of  an  iron-black  colour. 
This  variety  and  the  one  preceding  it  contain  from  35  to  40  per 
cent,  of  copper.  4.  Silver  fnhlerz  (sv.  gr.  about  5'0),  is  a  dark- 
grey  copper  ore,  rich  in  silver.  The  sdver 'varies  in  this  ore  from 
13  to  30  per  cent.,  and  the  copper  from  14  to  25  per  cent. 

T\i« pent^i^ulphide  of  copjyer  (€uS,)  was  obtained  by  Berzeliua 
in  the  form  of  a  hlackish-brown  precipitate,  by  decomposing  a  salt 
of  copper  with  a  penta,^uliiliide  oi  one  of  the  metals  of  the  alka- 
lies. It  undergoes  no  change  by  wa^ihing  when  exposed  to  the  air, 
but  it  is  completely  eoluble  in  a  solution  of  carbonate  of  potassium. 

A  native  sd^nide  of  copper  is  found  in  combination  with  sele- 
nide  uf  silver.  It  occurs  in  masses  of  a  leaden-grey  colom-,  an<l 
')»  v«ry  rare,  having  hitherto  been  found  onlv  in  Swe«^len  :  seleni<le 
of  copper  maybe  formed  artiticially  by  precipitating  the  sulphate 
of  copi'cr  by  seleninretted  hydrogen. 

(SSO)  Pfii.p»pJu<Ie  of  i^jpper  (B\i,V,'i) — This  compound  is  easily 
obtuinctl  by  boiling  phoBphorus  in  a  wdution  of  sulphate  of  copper ; 
tho  liijuid  sp(M'dily  becomes  decolorizeil,  and  a  black  phosphide  of 
copiHjr,  with  a  semi-metallic  lustre,  is  formed.  It  is  not  soluble 
in  nydrocldoric  acid,  but  if  thrown  into  a  solution  of  cyauidc  of 
pntAstiium  iia  rapi<lly  decomposed  without  the  ap])lication  of  heat, 
imhblefl  of  Bell-lighting  phof.phuretted  hydrogen  being  diben^jva^vl. 
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Altel  prepares  phosphide  ofeouper  by  ti 
jthusplionia  over  Unely  divided  copper  : 
that  til  is  phosphide  when  mixed  willi  cliluraie  ol"  j 
gunpowder  fiiruislies  a  powder  i»l'  suliifieut  eoiidiKi'    _ 
electricity,  and  at  the  same  time  po8se6f*e<l  uf  the  rei 
flaniniability  to  enable  it  to  be  employed  with  great  : 
as  a  detonating  fuse  for  firing  orihiauee  by  magneto-el' 
rents. 

(SSI)  Chlorides  of  Coppkbl — Copper  foruis   two  chlorid 
enW.  and  euCl,. 

Siibiifiliji'iie  of  copper,  or  cupreous  ckiorids  {Ou,Cl,=198,  «r 
CiJ,Cl=Uy  ;  «p.  fjr.  3"376)  is  obtained  by  distiUiug  copper  filiiogk 
•witli  twice  their  weJiiht  of  corrt>9ive  feublimate ;  or  br  ditf"'*"^"? 
4  parts  of  finely  divided  copper  and  5  of  the  blai^k  oxiilc  in  1 
chloric  acid;    or  by  boiling  cupric  chloride  with  susar;  < 
«ligpstiiig  cupric  chloride  in  cloifed  vessels  with  tTiPtallir  c>  i  , 
the  bust  is  a  slow  process,  l>iit  part  of  thecni' 
deptteited  in  transparent  tetruhejlra.     Cupn  ■ 
coiupiiund.  which  fuses  easily  into  a  ycllowiwli  niai».     li 
lulde  in  water,  but  sulubie  to  Bome  extent  in  strong  In.bcrf-I 
acid,  with  which  it  forms  a  pale-brown  solutiim,  \' 
most  of  the  subchloride  on  dilution.     The  solution  \'i 
cldori<le  in   hydi-oeldoric  acid   abeorlis  carbonic  oxitl*- 
facility :  a  compound  crystallizing  in  pearly  etcalen  (4  G\i  ' 
7IT,0?;  Berthelot)  may  thus  be  obtained;  it   {>>.    in- 
water,  which  however  decom|)oses  it,  setting  subchl'trid< 
at  liberty  :  it  is  aLso  quickly  dwcomp<)se<I  by  exposure  : 
C!iipreous  ehloride  is  soluble  in  a  boiling  Bolution  of  cl 
pottissium  ;  and  if  the  litjuid  be  allowed  t(t  cool  exehuled 
air.  octohedral  erystab,  composed  of  (4KCl,€'n,CI,i,  uredept 
When  the  soUition  in  hydrochloric  acid  is  expot»ed  to  the 
aiv-;orbs  oxygen  ra|pidly,  aud  a  pale  bluisli-greeu  insoluble  <»VT«>hfc 
rifle  of  copper  (fuCi,',  3  OuB,  4  I1,0)  is  deposited.     '! 
chloride  is  used  in  the  aJld  as  a  pigment,  under  the  il 

Jirunsicick  (/rcen.      It  is  best  procured  by  exitosing  eoj>per  di| 
pings  to  the  action  of  hydi'ochloric  acid,  or  to  a  stilutuui  i>f 
ammoniac  in  the  open  air.     It  occurs  native  In  the  form  of  a  ; 
sand  (sp.  gr.  4"4),  composed  of  email  rhouil>ic  prisnu!. 
found  at  Atacama  in  Peru;   it  has  hence  been  calle<l  .' 
Sometimes  it  is  also  found  massive.     Other  oxvchloi' 
of  less  importance  may  also  be  fofuied.      \\i'he!i  \ 
copper  is  boiled  in  a  Bolutitm  of  sal  ammoniac,  : 
expelled,  aud  a  salt  is  formed  which  is  gradually 'i  , 
rhombic  dodecahedra,  (II,OuN,)'Ou'Cl, :  it  may  l>e  re4,iir(i 
subchlorifle  of  copper  in  which  the  second  atom  of  co]iper  \m 
displaced  hy  Guprodiamr/utui/um  (TT,6a"N,)'.     A  wjlutiou 
B;dt,  when  exposed  to  the  air,  deposits  blue  crs'   ' 
[(rr.6uN,)'eu'Cl,.  (H,€aN,)"Cl„lI,ei,  and  tfi. 
further  expoBure  yields  cubic  crvbtab  of  Uio  ball  (iijUi 
2II,\C1). 

(88*2)  Chloride  of  copper^  or  cupric  chloride  (GaCl,^ 
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nc;i^r>7'2:  »}■>.  gr.  .3"054)  may  be  obtained  by  tlie  ppontanernis 
Icombntitum  of  copper  in  diloriiie,  but  it  is  more  advuiitsiireitiisly 
prenare<l  by  dissolvinff  tbe  oxide  or  the  carbonate  in  liydroeldiiric 
?ia.  avIk'M  on  evai>( (ration  it  ciygtallizes  in  green  needles,  witlj 
the  forinnla  (OriCl,,  2  H,0)  of  sp.  gr.  2'534.     A  concentrated  solu- 
tion of  eldoride  of  eit]»per  is  of  a  green  colour,  but  it  becomes  bine 
>n  dilution,  and  wlien  the  fialt  is  unliydrous  it  is  liver-culoured, 
"When  heated  it  fuses,  and  at  a  red  heat  half  its  chlorine  is  expelled, 
and  cnpreiius  chloHde  remains.     It  forms  double  chlorides  with 
the  chlorides  of  iiotasvsium  and  ammonium.    Cupric  chloride  is  dcli- 
Iqut'scent,  and  very  soluble  in  alcohol.     This  Bolutioii  bunis  with 
[•splendid  green  flame,     (See  Fig.  80,  Ko.  5;  Part  I.,  p.  144.) 
A  (imOile,  chhynde  of  copper  and  atmntmimn.  (2  H,NCl,f^nCl,. 
iS"!!,©)  is  obtained  in  blue  squai'e-bafied  octohedra,  by  mixing  hot 
Soucentrated  solutinns  of  the  two  gaits  in  the  proportion  ot  one 
jnivalent  of  each.      Another  double   chloride  (II,NCl,OuCl, . 
H,0)  is  obtained  in  fine  bluish-green  ervstala,  by  evai)iiratin2 
*(iiufinn  of  1  equivalent  of  sal  ammoniac  and  2  equivalents  of 
fchloride  of  copper. 

Anhydrous  chloride  of  copper  absorbs  ammonia  rapidly,  and 

fonns  a  blue  powder  (OuCl,,6  H,N;  Rose),  which  by  a  heat  of 

|80n°  loses  4  equivalents  of  ammonia,  and  ])eeome8  green  (PuCl,, 

Is  H,N  ;  Kane).     Graham  and  Kane  regard  this  latter  comjmund 

[ns  chloride  of  ammonium,  in  which  the  fourth  equivalent  of  hy- 

fdrogon  has?  it^  place  occupied  by  copper;  hence  Graham  terras  it 

\chlori<h  of  cuprammonhim  (CuH,iN('l)  or  rather  (II,Oii"N,)"CI,. 

Tf  ammoniacal  gas  be  transmitted  tlirough  a  hot  concentrated 

)Iution  of  chloride  of  copper,  till  the  precipitate  at  first  formed  is 

rediesolved,  the  liquid  on  cooling  de|K>sits  small  dark'-l>lne,  square 

>risms  and  octohedra.  [lI,€u"N,Cl,.(n.N),0]. 

It   appears,  therefore,  that   the   following  well-dcfinetl   nom- 
tK)unds  may  be  obtained  by  the  reaction  of  the  chlorides  of  copper 
ttipon  ammoaia  or  muriate  of  ammonia : — 


(1.) 


(H.eu"N.)' )  ^ 

^"•|""^''^'  [  Cl„(H.«n"N.)"Cl.,H.e 

(H.eu"N,)"Cl„4  H.N 
(H.eu'NJCl,,  (H.N).e 

(H.€u"N,)"CU 

(II.eu"N,)"Cl„2H,NCl 

2  H.NCi,<?ti"ci„2  ir,e 

H,NCl,eu"Cl„2  H,e 

(883)    Oupremis  hivmitfe,  Pu^Br,,  or  sufhhromide  of  co]iper 

(Cn.Tir).  is  insoluble  in  water.     Cupric  hrom.id«  (€uBr,)  is  soluble. 

Cupreous  Hv/ide,  or  suhiodlde  of  cojiper  (Ou,I,II,0,  or  CuJ, 

[O),  18  ft  white  insoluble  powder,  which  becomes  yellow  when 

JJicatcd.    It  is  fiimied  by  pouring  a  mixture  of  1  equivalent  of  fer- 

>>us  sulphate,  and  1  of  euljihate  of  copper  into  a  solution  of  any 

iodide;  thu9  2  eu80,+2  FeSe,-f  2  KI=K.Se.+i?e,3  iise.+ei 


Cr2i 


srLriiATEa  of  twrpta. 


1,.     Siiljihitc  of  sodium  may  be  6ul>stitnted  fur  rn 

iron  in  this  cxporiinent.     It  lias  btren  |«rc.>]»<iavl  to  i  ; 

lixtuiti  of  tiie  two  snliibutf*  of  iron  iiml  copper 

enuining  the  quantity  of  iodine  in  kelp,  in  »»i' 
eviinmerciaT  value.      Cuprio  iodide  (€ul,),  if  it  GsistSf  is  ven- 
unstable. 

Sri.pnATER  OF  Copper. — Copper  forms  a  normal  anlphatt,  aod 
several  basic  sulphates. 

(884)    Sulpli(iO'  of  C(y>per,  Blim  Vt(n/tl,  or  Ouprir.  mti/ 
(enSe,;  5  H,e=15t>-5  +  no,  or  CuO,SO„  5  Aq  =7"  ~ 
Gr.  anfii/droitfi,  3*031,  cry<<tidlUed,  i!'2i>4;  Comjj.  i,. 
cnixtalli'.zed  mit,  Fue,  3 1-83  ;  SO,,  32-OT  ;    H,e,  o^-oV.  —  Ti 
salt  is  nianufa(!tured  on  a  large  6<!ale,  by  boiling  copper  in  lUi  iM 
]»nt  >vitL  snlphnric  acid,  diluted  with  half  it«i  bulk  of  water:  ll 
acid  is  deeoniposod,  and  the  copi)er  is  oxidized  jit    its  cxj»( 
whilst  the  salt  is  preoi])itated.     It  may  also  Ik?  fonn«Kl  fn»m 
artitioial  suluhide  of  copy>or,  by  roa«ting  it  with  frt't  if 

and  lixiviating  the  roai^ted   mass  to  <li.ssi>lvc  the 

fjrodHtcd:  the  heat  must  lit-  moderate,  or  else  the 
»e  decouipiised  dnriiie  the  roasting.     If  oopper  p^  ' 
instead  ot    the  artiiieial  sulphide,  the  salt  will  c*iiilaia  a  In 
quantity  of  didphate  oi  in)n,  which  cannot  1)0  sK-parrjltHl  |>y 
tailizatiou  ;  for  although  the  sulphate  of  copper  does  nut  cr\i 
lize  alone  with  more  than  5  H,0,  yet  when  Tuixod  •■  '•'        '  ' 
of  iron,  it,  like  this  salt,  assumes  7  li,0,  and  then  i- 
with  the  fomnis  salt.     The  only  jdan  in  stjch  u  i;ji&c  l^  ui  i^uJ 
the  mixed  sulphateii  feebly:  the  suit  uf  iron  j)art*  with  it=  and  ' 
H  lower  temperature  than  the  eop]>er  salt,  and  by  a  sacmn 
the  ii'on  is  wiparated  in  the  form  of  an  insoluble  oxide. 
uf  copper  is  al^o  obtained  in  considerable  quantity  aa  a 
product  in  the  refining  of  silver  (047):  the  silver  is  pi>  1| 

from  the  solution  of  it*  suljdiat*  in  the  metallic  ftrni,  h\ 
coppei',  and  a  pure  sulphate  of  coitper  i*  thus  furnishtHl. 

Large  rpmntities  ot  the  6ul]>hate  of  copper  arc  usctl  in 
printing,  and  it  is  the  salt  from  which  most  of  the  pi^' 
copper  are  formed.     It  is  soluble  in  four  time*  it*  n\  ■   _ 
■water  at  l'>0°,  and  crystallizes  in  beantilul  blue  crystals  <<: 
doublj'  oblique  rhombic  form.      The  powdered  crvfitals  u' 
hydrochloric  Jicid  gas  rapidly  with  evolution  of  heat,  aO'l 
ni'^h  a  doliquewcnt  mass.     When  snlidiate  of  copper  i*  1. 
212°  it  loses  4  11,0,  and  by  a  temperature  of  400°  il; 
n.'ndered  anhydrous:  it  then  assumes  the  ap]>earanco  uf  a  hIijI* 
powder,  whidi  bwomes  blue  on  the  tuldition  of  water,      llu*  «t 
uf  combination  with  water  is  attended  with  a  hiftsin<r  noiwj,  owiwf 
to  the  ijreat  rise  of  temperature  which  attends  lli<>  !>,t;,.ii  -    >  ..^ 
{tiderable  evolution  of  heat  also  attends  tlie  (•• 
compound  €>uSO,.H,0,  with  waiter.     Snlph:ito  .i  . 
tiblc  in  alcohol.     When  heated  to  bright  rcdn<>&<  tli 
l-tnlplairic  anhydride  ara  uxpclled,  and  blade  oxide  ut 


fn't-iv 


left. 


Su\ph»t«  ot  «opp«r 


Jlc 


both  with  |w<» 
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BJntn  and  with  ammoninm;  tliry  are  e)isilv  ol»tnine<l  hv  mixing 
S'lliitidHB  of  the  saltf^  in  ei|uivMlfnt  ]>r<>purli<ins,  and  allowing 
fli'-iM  to  cr\-!*ta11ize.  Tljo  I'lita^'^ium  salt  is  eomposod  of(('uSO„ 
K,S<>,,0  l(,0;  Kp.  >fr.  2'244) ;  the  ammonium  enll  of  (t^nSO,, 
(H.N),SO„  0  E,0";  up.  fjr.  1-8<,)1).  According  to  Graliani  a 
l»'«t  patnruted  solution  of  tioijlde  snlnhate  of  copper  and  potas- 
ftinm  rloposits  a  viMnarkaMr  donlile  salt,  the  comi'oHtion  of  winch 
mav  ho  ro]irL'>ciitc«l  hy  the  formula  (K,J?f>„;5  0nSf->,,Ouf>.4  11,0). 

fiiiftf',-  Siilj>httf*'j*. — If  atsolution  of  1  wpiivali-nt  of  sulphate  of 
e:»]i|>fr  irs  Iiolli'd  with  Ip^s  than  I  i'<|n!valont  nf  hydratod  «ixi<le  of 
I-  'piKT,  a  grwn  in^oluMe  inhmmHulphitir  [<-nS<>,.2  (GuO,  H,0)] 
\f-  i'oniied.  Jiroffianfitf  it*  a  native  basic  tiulpliate  of  the  metal, 
wmpiwed  of  [t'nSe,,  3  (OuO,  II,0)] :  and  Deuham  Smith  ob- 
fAined  another  basic  sulphate  consisting;  of  (€'uSO,,4  C'uO,  6 1I,0.) 

Anhydrous  sulphate  of  cop]>er  al>sorl)6  dry  amnioniacal  gas; 
the  ct»mp4innd  coiiirists  of  (OuSO,,  5  11, N  ;  II.  Hose).  If  am- 
monia be  added  in  excess  to  a  solution  of  fiuljdiate  of  copper,  the 
li<|nid  "111  evaporation  yields  dark  blue  crystals  i€uSO„  4  H,N, 
H,0;  Borzolius);  the  salt,  when  heated  to  300°,  becomes  green, 
li»*inij  two  atoms  of  ammcmia  and  one  atom  of  water. 

(SSo)  Nitrate  of  copper  (Qw  2  NO,.r>  H,0)  is  ea.sily  made  by 
dissolving  copper  m  nitric  acid:  it  forms  a  Wantiful  blue  deli- 
<jne&cent  salt,  which  crystallizes  in  rluunboidai  prism-?.  At  tem- 
peratures above  tJO^  it  crystallizes  with  3  II,0  in  deliquescent 
lieedks  of  sp.  gr.  2*047.  It  is  very  soluble  in  alcohol;  by  heat  it 
w  decomposed,  first  into  a  green  haute  nit ntti'  [^w  2  NO,,  3(<?u0, 
ir,f>);  GerhardtJ,  which  is  insolnlile  ;  and  if  the  heat  be  increased, 
it  is  converted  wholly  into  the  black  oxide  of  copj»er,  the  whole 
of  the  nitric  anhydride  being  expelled.  It  is  this  basic  nitrate 
whicli  is  fonned  wlien  oxide  of  copper  is  heated  with  monohy- 
drated  nitric  acid,  although  the  acid  ma}-  be  in  consi<lerable  ex- 

1  cess.  If  a  few  crystals  of  nitrate  of  copper  are  moistened  and 
wrappeil  up  in  tinfoil  they  act  violently  upon  the  metal  and  con- 
vert it  ruj)idly  into  j>eroxide  of  tin  with  emission  of  siiarks. 

Several  basic  prumphat^s  of  copper  are  found  native  in  snxall 
quantities. 

(880)  CAnuoNATES  OF  Copper. — All  ntte.mj>ts  to  ]>rocnre  the 
nentral  carbonate  of  copper  have  hitliert^^i  failed.  A  hydruUd 
<^y(uirfx>mitr,  called  che-sHijlit4}  [0uO,n,O,  2  €^n€^0,.  or  CuO.lIO, 

2  (Cn(J,CCM;  xjt.  r/r.  S'S],  forms  a  beautiful  lilne  nnneral,  M-hich 
erystallizes  m  olilii|ne  rhombic  prisms.     Hut  t!iu  most  abundant 

'or  the  carlKinates  of  copper  is  the  hvdmte<l  dilnu^ic  carbonate,  or 
inaiaehJU  (eue,II,e,euee„  or  (^iCIIO.CuO.CO,;  sp.fjr.  3-7 

I  to  4*0).  It  forms  a  very  hard  mineral  of  a  silky  lustre,  and  a 
beautiful  green  colour ;  it  is  susceptible  of  a  high  polish,  by  which 
\\A  concentric  and  olten  beautifully  veined  structure  is  advantage- 

^otisly  displayed.  It  is  often  employed  for  ornamental  purposes. 
Malachite  is  occasionally  found  in  oblique  prisms.  IJoth  the  bine 
and  the  given  carbonate  are  abundant  in  the  copper  ore  furnished 
from  Australia.     A  gi'oen  precipitate,  sometimes  used  as  a  pig- 

i  meut,  which  lias  the  Bomc  compoeitiou  as  malachite,  and  is  known 
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as  mineral  (jreen,  may  he  ohtaiiied  by  mixing  hot  eolation*  oft 

I)liate  iir  nitmte  <'t'  cipper  and  oarKtimfe  of  siMliniu.    If  tiife^ 
utionft   be    mixed  cold,  a  ptde  blue  voluininous  prwij 
formed,  whit!h,  ti(tcx)rdiiig  to  IBrunner,  is  the  sauio  coin{>^)un 
an  udditionnI  iitoin  of  water  (euB.  2  ll,0,euee,).      By  \< 
the  precijHtated  cai'lwnate,  it  l)e(Mimes  first  green  and  tlun  1,1 1 
\y^       luBin;;  nearly  all  its  water  and  carbonic  acid.     A  doiil 

of  potassium  and  copper  (IC,OB„  4  6uG0,,  GuO.  1"  ii_ 
be  obtaine<l  by  digesting  the  green  carbonate  in  a  solution    i 
aeid-riirlHiiuitL'  of  potassium:  it  is  depohited  in  bine  or. 
BDontaneous  evaporation.      Similar  salt^j  may  be  formed 
uium  and  ammonium. 

(8S7(  C'haraoters  of  the  Salts  of  Coppkr. — 1.  ^Ih  ..r'iL 
tfuhowid^,  or  Cupivoux  «a}t^i. — Xearly  all  of  them  are  ine- ' 
water,  b\it  solulde  in  hydrochloric  acid;  in  thii*  fonn  the\  ,. -., . 
oxygen  rapidly,  and  are  converted  into  tsalts  of  the  blark  oxide 
They  are  unimp«)rtant,  and  have  been  but  little  studied;  niiff 
their  mo,st  remarkable  properties  is  their  power  when  in  f-iliunn 
in  bydroddun(;  acid  nf  absorbing  carbonic  oxide,  with  which  tlitt 
form  a  crvH.talline  compound. 

3.  Sails  (if  the  black  oxid^.,  or  Cupr'u:  »alf«. — Mn^t  of  di«» 
salts  of  copper  have  a  green  or  a  blue  coh>ur  when  hy«ln»*  ■ '  i"' 
they  are  white  when  anhydrous;  they  are  almost  all 
They  have  a  Ptrong,  disagreeable  metallic  taste,  and  act  .v 
to  the  niiitnal  frame,  proancing  vidlent  an<l  irrepre^pibie  n 
and  purging.  iVdlowed  by  exhaustion  and  death.     They  lintu  na 
iuriohible  compound  with  albumen,  which  is  nearly  inert ;  r-tT 
whites  of  eggs  shoidd  therefore  be  administered  in  eat^- 
eoning  suspected  to  be  oeeasioned  by  this  metal.      Milk  ■ :    :..- 
mixea  witli  iron  filings,  by  reducing  the  salts  of  the  bla«:k  osifk 
of  copper  to  salt^  of  the  suboxide,  or  to  the  metallic  state,  m 
also  valuable  adjuncts. 

The  salts  ot*  the  black  oxide  of  copper  are  easily  re<  ■ 
when   in  solution:   though  neutral  in  composition  they 
litmu'S.     Hi/ih'ittt!^  of  pohish  and,  so(hi  give  in  their  s<>!i 
pale  blue  volniuinous  pre<'ij>itate  of  hydrate<l  basic  salt  ;  :i' 
of  the  alkali  <loes  not  dissolve  it.  but  converts  it  into  a  blue  iiv- 
drated  oxide,  which  becomes  black  and  anhydrous  when  the  liquid 
is  boiled  with  it.     If  sugar  or  tartaric  acid,  or  certain  other  ur- 
ganic  substances,  be  present,  the  blue  precipitate  is  red'     '    ' 
by  an  excess  of  the  alkaline  liquid,  .lud  forms  a  bbie  - 
Amtnoniit.  gives  a  similar  blue  precipitate,  luit  an  excev.  n!  liit 
alkali  redissolves  it,  forming  a  deep  blue  solution,  which  is  vcrr 
characteristic.       The  eofbonates  <tf  poUiMsitmi  and  sixUmn  give:i 
pale  blue  liydrated  basic  carbonate,  which  becomes  gradually  wm 
verted  into  the  black  oxide  when  boiled  in  the  litiuid  with  cxc« 
of  the  alkaline  carbonate.     C'arbonufe  of  a7n7mmiHm  also  gives* 
bine  precipitate,  but  redissolves  it  if  added  in  excess,  Ibnnine  wi 
intensely  bine  solution.       Ferrocyanid^.  of  potatutium   \' 
bulky  brown  precipitate,  insoluble  in  hydroeliloric  acid, 
uble  in  amraot\\a,  vrVvtiV  W\<i% \t,  vnix&Uered  on  evaporation,     '^'•<^ 
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hifflrogfn  gives  even  in  acid  solntions  a  brownish-black 
ited  Rulpliide.  The  last  two  characters  distinguish  tlie  salts 
copjicr  from  those  of  nickel,  which  also  form  a  blue  solution 
th  ammonia.  Sulphide  of  copper  is  almost  insoluble  in  am- 
lonia,  and  in  sulphide  of  ammonium,  but  is  dissolved  by  cyanide 
'  potassium.  Another  characteristic  and  very  delicate  test  of 
presence  of  capper  is  afforded  by  the  action  of  a  |X)lislied 
B  of  iron,  wliicli,  in  a  feebly  acid  solution,  is  sj^>eedily  covered 
tli  a  red  deposit  of  metallic  copper.  Zinc  i)recipitates  copper 
the  form  of  a  black  powder,  which  assumes  a  metallic  lustre 
der  the  burnisher.  If  a  salt  of  cop]>er  be  heated  with  car- 
inate  of  sodium  on  charcoal  before  the  himcpipe  in  the  reducing 
10,  a  bead  of  iiietallic  copper  may  be  obtained,  iind  may  bo 
gnised  by  its  colour  and  its  malleability.  Most  co|iper  salta 
liented  on  ]ilatinum  wire  communicate  an  intense  green 
lour  t)  the  oxidizing  tlaine. 
In  cashes  in  which  the  presence  of  copj>er  is  suspected  in  admix- 
ture Avith  organic  matters,  as  in  the  contents  of  the  stomach, 
where  it  is  suppirscd  to  have  acted  as  a  ^loison,  the  material  must 
be  reduced  tn  dryness,  anil  incinerated  in  an  euitlien  crucible. 
The  nsh  is  then  to  be  treated  with  nitric  acid,  and  the  liquid 
tested  ^nth  ammonia,  with  fcrrocyanide  of  potassium,  and  with  a 
Bteel  needle.  The  coppcr-ciilnured  deposit  on  the  steel  may  bo 
further  i<lentified  by  placing  it  in  a  narrow  tube  with  a  few  tlrops 
of  ammonia,  wliich  will  become  blue  in  the  course  of  24  hours  if 
copper  be  present  (Taylor). 

Tlie  salts  of  copper  have  considerable  tendency  to  form  double 
compounds  with  other  salts  and  fieqncntly  basic  salts  of  this  metal 
may  be  procured  with  various  acids :  those  with  the  sulj>huric, 
nitric,  earlionie,  and  acetic  acids  are  the  most  important. 

(888)  EHiimatioH  of  copper. — This  is  generally  effected  in  the 
form  of  the  black  oxide,  100  parts  of  wliich  correspond  to  79"S2 
of  the  metal.  If  the  solution  contain  no  metal  precijiitable  by 
hj'drate  of  potash,  an  excess  of  solution  of  potash  is  added,  and 
the  liquid  is  boiled ;  the  precipitate  is  well  washed  with  boiling 
water. 

Pelouze  {Ami.  de  Chimin,  III.  xvi.  420)  lias  described  a  method 
of  estimating  the  quantity  of  copper,  by  bringing  it  into  solution 
with  excess  of  .nnmonia,  and  ascertaining  tho  <piaritity  of  a  standard 
solution  of  sulphide  of  sodium  which  is  required  to  decolorize  the 
liquid.  The  process  is  rapid,  and  admits  of  being  applied  iu  a 
rge  numlier  of  eases. 
A  still  better  method,  according  to  E.  O.  Brown  {Q.  J.  CJiem.. 
X.  65),  consists  in  treating  the  solution  of  eopjwr  with  one  of 
iodide  of  potassium  ;  subiodide  of  copper  (€^u,I,)  is  thus  formed, 
and  i<^>dine  is  set  at  liberty:  the  amount  of  the  hitter  is  deter- 
mined by  a  standard  solution  of  hypfisulphite  of  sodium  :  in  order 
to  effect  the  ojn  rittion  a  weighed  quantity  of  the  ore  is  dissolve^.!  in 
nitric  acid,  boiled  till  red  fumes  cease  to  escape,  and  the  nitrous 
acid  is  all  expelled;  it  is  then  diluted  with  water,  and  carbonate 
of  sodium  added  until  a  slight  permanent  precipitate  is  formed. 
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Acetic  acid  in  excess  is  added,  and  afterwards  an  excess  of  iodideol 
pottifsium  and  a  few  drops  of  a  solution  of  starch.     The  nuimtityl 
of  '    "        'ills  set  free  is  theti  estimated  l)v  the  number  of  uiviriDrii I 
of  d  liohitionof  hy|>i>siil[ihitfM>f  wmIIumi  rf(juire(llo<»xiiliz«| 

the  JMiline.  a  point  whidi  adtiiits  uf  most  accurate  deteniiinntioa I 
by  the  disapjH»araiice  of  the  blue  tinge.     The  sohitiou  of  hvp-)-! 
ralphite  is  graduated  by  dissolving  5  grains  of  pure  copw-r  ii ' 
nitric  avUl,  and  subjecting  it  to  a  aerie*  of  operations  exactly  ror- 
re6p«>nding  to  tliof*  performed  iip<5n  the  ore,  noting  thenumW 
of  division?  of  the  standar<l  solution  consumed  in  neutntlizint 
the  amount  of  iodine  set  free. 

Ctip|x?r  may  be  readily  separated  from  the  metals  of  the  Sr?t  j 
five  groups,  with  the  exception  of  ciulinium,  by  the  action  <jf  sul«] 
pliurette<l  hydri>geii.  The  precipitated  suli>liide  of  copper  inuit  l«| 
washed  with  water  containing  sulphuretted  hydrt»gen  in  solntmiv 
in  order  to  prevent  its  oxidation  on  the  filter.  The  precipiuti 
must  bo  det^whed  from  the  filter,  redissolvetl  in  nitric  acid  (i  ' 
and  the  oxide  of  copper  precipitated  by  means  of  hydnit« 
potash. 

If  cadmium  be  present,  Stromeyer  directs  that  the  precipit»t( 
of  the  mixed  sulphides,  obtained  by  transinitting  8ul[)hurctteii  iiyl 
drogen  through  the  liquid,  be  redissolved  iiy  nitric  acid,  ami 
cipitated  by  an  excess  of  earlnjuate  of  ammonium,  which,  if  left  i 
stand  for  a  few  hours,  dissolves  the  copper,  but  leaves  the  cadmiii 
in  the  form  of  carbonate. 

The  se])aration  ttf  copjier  from  bismuth  may  1)6  efTected  bj 
means  of  carbonate  of  ammonium,  as  directed  for  cadniinm. 

The  other  metals  of  the  sixth  grojip  are  separate<l 
tatin^  them  with  the  copper  a*  sulphide*,  and  then  diL 
mixed  sulphides  with  a  solution  of  sulphide  of  pot:is»Ium  ^^suljilii^ 
of  ammonium  dissolves  traces  of  copper);  the  sulphide  of  copp 
alone  remains  undissolved. 

§11.  Lead:  Pb"=  307 or Pb= 103-5.    Sj?.  Or.  11-30; 
Fuaing^ini^  617°. 

(889)  Almost  all  the  lead  of  commerce  is  obtained  from  gale 
the  native  sulphide  of  lead.  It  occurs,  mixed  with  quartz,  blend 
pyrites,  sulphate  of  barium,  and  fluor-spar,  in  veins  traversing  the 
primitive  rooks,  and  particularly  in  the  clay-slate  in  Cornwall, 
and  mountain  limestone  in  Cumberland.  Small  quantities  of  car- 
bonate and  phosphate  of  lead  are  frequently  met  with,  but  tliej 
are  utiiniportmit  as  ores  of  the  metal.  Galena  always  ci»ntftiuj  a 
small  proportion  of  sulphide  of  silver ;  when  the  mineral  is  f(iuntl 
in  bold,  well-characterized  cubes,  it  is  usually  nearly  pan*.  The 
proportion  of  silver  in  galena  is  liable  to  considerable  vaii 
a  mineral  yielding  120  ounces  of  silver  to  the  ton,  or  i'  , 
cent.,  is  considered  to  be  extremely  rich.  England  and  Spain 
aftord  the  principal  supply  of  this  metal,  about  (>5,00U  tons  of  lead 
being  aimnally  raised  in  England,  which  furnish  on  the  average 
660,000  ouneea  ot  slVvot. 


EXTRACrmiT  OF  LEAD. 


«?7 


fSOO)  ExtrtH'tlnh.  —  After  the  lead  ore  Iwva  Iwen  raised  to  tliQ 
surface,  it  underg(«'s  a  careful  mechanical  preparation,  conducted 
upon  the  principles  already  explaiutHl  (52*));  and  havinj^  been 
thus  freed  to  a  great  extent  from  its  eaitliy  impurities,  it  is  ready 
for  Brnelting. 

If  the  galena  \\c  tolerably  free  from  siliceous  gangue,  this 
operation  i»  sutKciently  simple.  About  1^  ton  of  tlie  dressed  ore 
is  mixed  with  from  a  fortieth  to  a  twentieth  of  ifri  weight  of  lime, 
ftnd  is  heated  to  dull  retlness  in  a  rever1>eratory  furnace,  through 
which  a  strong  current  of  air  id  pat^sing.     Fig.  353  exhibita  a  eec- 

Fio.  363. 
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tion  of  the  reducing  furnace  employed  in  Derbyshire.  A  is  tlie 
fire-gi'ate,  h  the  bridge,  ?i  tlie  lioppor  l>y  which  the  charge  is  in- 
troduced ;  c  r,  the  bed  on  wliich  the  ore  is  jdaeed,  sinping  down- 
wards toward!*  a  gutter  in  the  centre,  by  which  the  melted  metal 
is  drawn  off,  d,  </,  </,  are  doors  for  working  the  charge  and  for  ad- 
mittijig  air,  the  draught  of  the  furnace  being  completely  under 
control  by  a  damper  placed  in  the  flue./". 

During  the  roasting  a  large  Lpiantity  of  the  sulphur  burns,  off 
as  Buljihurous  anhydride,  and  a  purtiofi  of  oxide  of  lead  is  formed : 
nnotlier  portion  ot  the  sulphide  of  lead  is  converted  into  suhdiate 
of  lead,  and  much  of  the  ore  still  remains  undecomposed.  In  the 
course  of  the  operation,  the  mass  is  frequentlv  stirred,  and  care  is 
taken  not  to  allow  the  temperature  to  rise  sumciently  high  to  fuse 
it,  "When  it  is  considered  that  the  roasting  has  been  carried  far 
enongli,  the  materials  on  the  bod  of  the  furnace  are  thoroughly 
mixed  together,  the  fnniace  doors  are  closed,  and  the  heat  is  sud- 
denly raised.  The  oxide  and  the  sulphate  of  lead  then  react  upon 
the  imdeooTnpo.aed  sulphide  of  the  metal ;  a  large  quantity  of  sul- 
phurous anliych'ide  is  evolved,  whilst  metallic  lead  runs  copiously 
from  the  mass.  The  successive  stages  of  this  operation  may  l>e 
traced  as  follows: — 

Two  atoms  of  sulj)hide  of  lead,  by  combining  "with 
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gen,  fiimisli  2  atoms  of  oxide  of  leiwl  an<l  two  of-  i^b 

dri(.l«,  as  is  exliiliited  by   the  t'<jiiiitiori;  2  PbS-J-       ',     _  :- M^t- 
2  t*f>,.    If  one  atom  of  jjalena  unit^  with  4  atoms  i>f  oxygen,  I  utiiiii 
of  hiilphato  of  lojul  ift  formed,  PbS4-2  O,  =  PliSO.. *  "Both  "T'h 
t>i'  lead  and  sidphate  of  lead,  when  heate<i  with  fresh  biilplmi'    ; 
lenii,  lire  dec'oni[K)sed,  metallic  lead  and  suIj>hiiro»is  anliydriilv  U:  .: 
in  eaeli  ease  the  result  of  the  reaction.     Two  atoms  of  oxidf  nl"  Iril, 
and  1  of  frulena  fnrnisli  3  «f  iea«l  an<l  1  of  sul|ihuroiis  aaln'l;  i 
i  PhB  +  PhS  =  3  Pb  +  SO,.      One  atom  of  suliilmte  <'>i  l-ji. 
when  heated  with  1  of  t^silena,  yields  2  atoina  of  lead  and  :i  of  jui- 
phurous  anhydride  :  thus  PbS  -|-  PbSf>.=  L>  Pb  +  2  SO,.    Dur- 
\ug  the  roasting  a  portion  of  subsulphide  of  lead,  Pl),S,  is  al» 
prodiieod.     This  sul>«tHnce  forms  a  fusible  matt,  which  flowj  fnim 
the  fumaee  with  the  metallic  lead,  eonstitnting  a  stratiiiu  wiiidi 
floats  above  the  melted  metal.     This  subsulphide  of  lead  is  agaio 
iX'turne<l  to  the  furnace  and  roasted  with  fresh  ore. 

At\er  the  melted  mass  ha^  been  drawn  ofi*  into  east-iron  husiw 
placed  fi>r  it*  reception,  a  few  spadefuls  of  lime  to  which  a  i|iun- 
tity  of  ttuor-spar  is  Boinelinjes  added,  are  thri>wn  hito  the  fum»w. 
with  a  view  to  act  npon  the  scoria*  which  remain  l)ehind  in  om- 
sidenible  <}uantity  :  the  lime  dei'omiJose;*  the  fusible  silJcite  I'f 
lead,  lilnM'ates  oxide  of  leatl,  and  li.>nns  a  less  fusible  siliw»te  yf 
calcium,  and  the  fluor-spar  forms  a  fusible  compound  with  the 
sulphate  of  calcium,  or  gulphate  of  barium,  if  either  of  tliera 
is  pi-esent.  The  woriai  usually  ctmtain  an  excess  of  oxi<le  .Hmlyf 
sulphate  of  lead ;  tliey  are  t.horof'ore  mixed  with  coke  or  cliantAl 
and  exposed  to  heat  on  the  bed  of  the  furnace,  titter  the  li^rs 
have  l>een  eai-efully  closed ;  the  oxide  of  lead  then  becomes  reduwi 
by  the  carljon. 

If^jinhuj  oflearf. — \j?.w\  which  contains  antimony  or  tin  i« 
harder  than  tlie  pure  metal,  and  is  snbjecte<l  to  a  f\v 
tion,  tenned  hnprorlng^  in  order  to  refine  it.  Tliis  con 
in  melting  the  lead,  and  heating  it  for  a  perio<l,  longer  i>r  sliom-r, 
88  may  be  necessary,  in  a  shallow  cast-iron  pan  set  in  the  be<l  of 
a  reverlx?ratory  fiirnaee;  tlie  antimony  and  tin  lH?in^  more  t>xi<ii- 
zable  than  the  lead,  are  thus  removed  in  the  iiellie.le  of  oxi(l« 
which  is  continunlly  being  fonned.  From  time  to  time  the  work- 
man takes  out  a  small  sample  of  the  metal  to  examine  the 
anec  which  it  presents  i.*n  cooling.  As  soon  as  it  exibit-  . 
liar  flaky  cn'stalline  appearance  on  the  surface,  the  oxidation  liw 
been  carried  far  emuigh  ;  the  nietiU  is  then  run  ofi'  and  cast  intopig>^ 
(891 J  Vanctminttion  of  SUtkff  in  Lead  hy  PnttiiuwnCa  Pre- 
«■*». — Sdvpi'  may  Ikj  jirolitably  extracted  from  lead,  even  wIipu 
the  quantity  does  not  exeeetl  fn>m  three  to  four  ounces  of  *ib"i'r 
to  the  ton,  by  a  prix-ess  intrcxluced  by  Mr.  Pattitison,  of  Ncff- 
ca^^tle.  This  gentleman  olx^orvetl  tinxt  if  melted  ararentifcn'n* 
load  \k:  briskly  stirred  during  slow  cooling,  u  portion  of  tlie 
metal  i?<»lidifii^  fii-st,  in  the  fonn  of  crvstallino  gruitjs,  which 
sink  to  tlic  bottom  of  the  portion  which  remains  melted,  Tli«^ 
crvstaU  couMst  v>f  lead  nearly  free  from  silver,  the  fusing-poin'  <•' 
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that  of  pui'c  lead.  Tin's  ob^rvation  is  turned  to  account  in  tJie 
following  s.ini|)lc  manner : — 

Eight  or  nine  oa-^t-iron  j)oti5,  eucl>  capable  of  containinfi  hImmU 
five  tons  of  melted  lead,  are  arranj^cd  in  a  row,  set  in  l)rick\v«)rk, 
and  ejxcli  provided  with  a  separate  fireplace  underneath.  A 
quantity",  ot  lead  is  iutrotluced  into  the  middle  ]>ot,  and  juelted  ; 
tne  tire  ia  then  withdrawn,  and  the  metal  is  briskly  stin-eil  by  the 
workman  whilst  it  eoola :  the  crystals  of  lead  snbside  as  they 
form,  and  are  removed  at  intervals  by  means  of  a  lari^-  perforated 
iron  ladle,  and  transferred  to  the  next  pot  on  the  right  liaiid. 
When  about  four-tifths  of  the  metal  have  Ijeen  thus,  removed  in 
grains,  the  concentrated  arcentiferous  alloy  is  ladled  out  into  the 
next  rtot  on  the  left-hand  side,  and  the  empty  pot  is  charged  with 
a  fresh  |)ortion  of  lead,  which  is  subjected  to  a  similar  treatment. 
When  the  pot  to  the  right  and  to  the  left  has  in  this  manner 
rcsceived  a  suthcient  quantity  either  of  poor  or  of  argentiferous 
Ica^l,  it  is  sulijected  to  a  similar  operation  ;  the  concentrated 
argentiferous  portion  being  passed  on  continually  to  the  next  pot 
on  the  left,  whilst  the  crystalline  or  jii»urer  portion  is  handed 
over  to  the  next  ]>ot  on  the  right-hand  sitle.  The  last  pot  to  the 
left  th»is  at  length  becomes  filled  v^ith  lca<]  which  may  contain 
300  ounces  of  silver  to  the  ton  ;  it  is  not  found  advantjigwms  to 
concentrate  it  l»eyond  this  point:  the  lead  which  accumulates  in 
the  last  pot  on  the  right-hand  side  does  not  contain  more  than 
half  an  ounce  of  silver  in  the  ton.  This  \u>or  load  is  much  im- 
proved in  quality  by  the  o]>erati<ins  which  it  has  undergone,  and 

15  at  once  cast  into  pigs  foi-  the  market. 

(S02)  KrinnHwn  of  Silivr  fmni  Lead  hy  VHjH'JJotion. — The 
rich  ai^entiferou.H  letui  is  now  subjected  to  cuwlUitlon.     This 

Eroces.6  is  founded  ujjon  the  circumstance  that  lead,  if  ex|K)sed  at  a 
igh  t^mperatui-e  to  a  cun-ent  <.)f  air,  absorbs  oxygen  rapidly,  and 

16  converted  into  a  fusible  oxide,  whilst  silver  dcK-'S  not  Ijecome 
oxidized,  but  is  left  behind  in  the  metallic  state.  The  litharge  or 
oxide  of  lead  molts  at  a  high  temperature,  and  flows  oft'  tlie  con- 
vex surtace  of  the  melted 

metal,   and  thus  contiuu-  SM.  3M. 

ally  exjmses  a  fresh  sur- 
face of  lead  to  the  action 
of  the  air. 

In  England  the  cupel- 
lation  is  jKTformcd  in  a 
low-crowned  reverberato 
ry  fumace,  the  hearth  of 
whi<-h  ia  moveable.  The 
hearth  or  i^xipel  is  shown 
in  the  plan  of  the  furnace 
(Fig.  354) :  it  consist  of  a  shallow  oval  basin,  c,  composed  of  a 
uiixtnre  of  lx>ne  ash  with  fern  or  wood  ashes;  this  mixture  is 
elightly  moistened,  and  beaten  into  an  iron  ring  of  about  4  feet  in 
itj3  loil^  diainater,  and  2  feet  in  the  shorter :  the  <'upel  is  intro- 
duce<l  into  the  fiimace  from  beneath,  and  is  supported  by  bricks, 


60  that  it  can  be  readily  removed  and  reuewcd, — ui  np^^ratioo 

whicli  id  g:eneral!v  required  once  a  week.     When  ihry,  the  fire  if 
canttoiwly  lijclite<i  and  the  lend  introilairifl ;  -       ^  '  '    -    ' 

air  fivtni  ii  tuyere,  t,  is  made  to  play  over  the 
metul ;  litharge  is  formed   abundantly,  and  raiia  <<;  ,  u 

gutter,  fj,  into  an  iron  p«.tt.  j>.  plaee«.l  Wiieafh  the  fin  its 

re<;ejttioji ;  in  front  is  a  liotjd,  A,  for  (•aiTvinu  ort*  tiie  luni<r*  of 
oxide  of  lead  which  wouM  otherwise  eBca]>e  and  injure  the  «i>rk- 
men.  Fr»^h  lead  is  a<lded  frnm  time  to  time  tw  supply  the  plaop 
of  thai  which  i*  oxidized ;  until  at  length  a  ijuantity  of  le*'I, 
oiri2in.illy  aniounting  to  alxmt  5  ttms,  is  rediice<l  r«>  J>elWfen  i 
and  3  ewt.  This  midted  metal  i&  withdrawn  by 
throuifh  the  bott'tui  of  thecupt.*l ;  lhea|K!iture  «:*  ; 
with    fre.-li    lx>ne    a>h,   and    another  charge    is    j.n"  tj*. 

When  a  (jnautity  of  rich   lead   snthcient   to  yield   Ir  *  t«i 

50(10  ounce^of  silver  luLs  thus  been  obtaine<l,  it  isMgain  j^hutil  in 
a  cui)el,  and  the  htst  p<jrtions  of  lead  are  removed.  It  i*  found 
advantatijeoua  to  effect  this  final  pnritication  of  the  concentrated 
silver-lcjul  separately,  because  in  the  la.st  stages  of  the  »m 
the  lithai^jc  carries  a  gix>d  deal  of  silver  down  with  it  :  tl.' 
lion*  of  litliarjf(\  th<^reforc,  on  l»eing  reduced,  are  again  &ubje«-l«J 
to  the  ilesilvering  i)roce8S. 

The  litharge  from  the  first  fusion  i&  cither  sold  »;»  oxide  of 
lea«l,  or  it  is  redace<l  in  a  small  reverlteiiitory  funiace  wifii  an- 
thracite, or  r>owdered  coal.  The  p<iniu8  en|ielis  absorb  a  litrvfi 
quantity  of  litharge,  and  they  likewise  are  passed  through  the 
turnace  in  order  to  extract  the  metal. 

A  very  beautiful  phenomenon,  known  ii^.  the  ^;^f//  •  of 

the  metal,  attends  the  removal  of  the  last   ptrtions  i>:  ..itn 

the  silver.  During  the  earlier  stage?;  of  the  pnx-es*  the  tilin  of 
oxide  of  lesul,  which  h  constantly  forming  over  the  surface  of  the 
raelteil  masss  i*  renewed  a^  rapidly  as  it  is  removed ;  but  when 
the  lead  h»A  all  I»een  oxidized,  the  film  of  litharge  upon  the  silver 
becomes  thinner  and  tliinner  as  it  tiowa  off ;  it  then  exhilHt'*  » 
snccession  of  the  beautiful  iridcAcent  tintA  of  Xe^vton's  rin 
at  length  the  film  of  oxide  suddenly  disuitpeani,  and  rev. 
brilliant  sm-faco  of  the  metalHe  silver  l»tnienth. 

In  the  Hartz  the  hearth  of  the  cu|xdlatiou  fumaeo  i*  tixe«l. 
and  is  n»ade  uf  briek.  covcrc*!  with  marl,  which  is  renevred  aft<!i 
each  ojMjration,  but  the  cover  of  the  funta<'.e  is  moveable.  Kanttcu 
states  that  the  adyautiige  of  this  method  is,  that  the  litharge  run* 
off  more  perfectl\',  and  that  there  ia  leiw  waste  of  eilver  from 
absorption  into  the  cupel,  and  less  exj>endiliire  of  labour  and  fuel 
upon  re(H>veri ng  the  lend  from  the  Iwttom  of  the  ftimaoe,  whidi 
absiii'b!*  but  ci>mparativ(dy  little  litlmrge. 

(Sl>a)   In   the  North  of  England,  the  galena  ii*  &inelt<.Kl  hy  B 
process  wjtnewhat  ditlerent :   the   ore  is  lji>*t    i.i:i-t..!     :.iiil    f.'M'n 
rcxluced  in  a  small  square  blast  fiirnaoe,  or  ; 
peat  being  the  fuel  principally  employed.     Tin-  i..i.ii   <<i  ,,hiuk^. 
la  km)wn  lui  \\\t'.  t^jt/tek  furnacf. 
some  parts  of  the  Uiulz, 
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\rifli  siliceous  jnattei-s,  the  English  method  of  smelting  is  not  aj> 
plicnl»le,  us  the  nilica  woulil  cuiiiliiiie  with  the  oxide  of  lead,  and 
form  u  fusible  gltig.  It  is  found  necessary  in  these  eases  to  re- 
duce the  sulphide  of  lead  by  means  of  luetallie  iron,  which  is 
added  in  the  form  of  granulated  cast-iron,  in  the  proportion  of 
n>x)iit  1  part  4)f  iron  to  20  of  pure  galena.  The  fusion  is  per- 
fttrnied  in  a  hinull  bhii^t  furnace,  about  20  feet  high,  and  3  feet 
row  at  the  widest  pait. 

These  various  funiace  operations  are  attended  by  a  continual 
dieeiitrrtgenieJit  of  wliite  fumes,  wliieli  consist  principally  of  oxido 
and  suljilmte  of  lead,  and  are  technically  termed  J-roth  of  Uad  ; 
111  this  way  nearly  a  seventh  of  the  whole  lead  is  volatilized.  In- 
dependeiith'  of  the  waste  thus  occasioned,  the  fumes  are  highly 
deleterious  ;  it  ia  therefore  of  great  importance  to  prevent  as  far 
a^  p(<s!,ible  their  diffusion  through  the  air.  It  is  stated,  that  in 
the  Ilartz  ai)iiut-jljof  the  volatilized  portion  is  arrested  by  causing 
the  giises  from  tJie  furnaces  to  pass  through  a  succession  of  con- 
densing chiimbers,  before  they  linally  escape  into  the  air. 

(8'.>4)  Fr<rjiertie«, — Lead  is  a  bltiish-white  metal,  so  sot\  that 
it  may  easily  be  made  to  take  impressions;  it  leaves  a  streak  upon 
l>oper,  and  may  be  cut  witli  the  nail.  It  may  be  laminated  into 
tolerably  thiu  sheets,  as  well  as  drawn  into  wire;  but  both  in 
ductility  and  tenacity  it  is  low  in  the  scale.  It  fuses  at  620° 
(Person  ;  or  617°,  Hiidberg).  and  may  with  some  difficulty  be 
obtained  in  cubic  or  in  octohe<b-al  crystals  as  it  cools;  the  purer 
the  lead  the  larger  the  crystals  (Balier,  quoted  by  ]\Iatthiessen). 
Lead  cfiutracts  considerably  at  the  moment  of  its  solidification, 
and  it  is  therefore  not  well  adapted  for  castings.  It  appears  to 
have  the  power,  when  melted,  of  dissolving  a  small  quantity  of 
oxide  of  lead,  by  which  the  hardness  of  the  metal  is  much  in- 
creased ;  but  its  softness  may  be  restored  by  keeping  it  melted 
under  charcoal  for  some  time,  with  occasional  agitation.  As  a  e«in- 
•luctor  of  heat  and  electricity,  it  is  inferior  to  many  of  the  metals. 

(895)  C'o/nbitU'd  Action  oJF  Air  and  M^ater  on  Lend. — The  sur- 
face of  a  piece  of  lead  when  freshly  cut  presents  a  high  metallic 
lustre,  but  it  soon  tarnishes  by  exposure  to  air,  owing  to  the 
formation  of  a  thin,  closely  adhering  film  of  oxide,  whicli  protects 
the  metal  from  further  change.  Lead  Hndergoc»s  no  alteration  in 
a  perfectly  dry  atmosphere,  and  even  when  sealed  uji  in  a  vessel 
of^y>ure  water,  which  has  been  Ijoiled  for  some  time  to  expel  the 
air,  the  metal  will  retain  its  brilliancy  for  an  indefinite  period  ; 
but  if  it  be  exposed  to  the  united  action  of  air  and  pure  water, 
it  is  subject  to  a  powerful  corrosion.  As  the  result  of  this  ex- 
posure the  lead  becomes  oxi<latcd  at  the  surface,  and  the  water 
dissolves  the  oxide  of  lead  ;  this  solution  absorbs  carbonic  acid,  a 
film  of  hydratcd  basic  carbonate  of  lead  (FbOH,0,PbBO,)  is  de- 
positi,Hl  in  silky  wmles,  and  a  fresh  portion  of  oxide  is  formed  and 
dissolved  Ijy  the  water ;  thus  a  rapid  corrosion  of  the  metal  takes 
plfCce.  This  action  is  mo<lificd  very  materially  by  the  prescTice  of 
various  salts  in  the  water,  even  though  the  qmintity  of  these  salts 
may  not  exceed  3  or  4  grains  in  tne  gallon.     The  coiToaion  is- 
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mm^b  increased  l\v  the  chlorides  and  nttratea.     The  pre*enr«^ 

vei'v  minute  ijiiantities  of  tlie  nitrites  in  water  confers  ufwD  it  ij 

corrttpive  action  on  leud.     Both  nitrites  and  nitnitex  «  '-To-i 

eent  in  spring  and  river  waters,  owing  to  tlie  dect-  t>f 

organic  matter ;  and  it  is  not  improWjdile  that  the 

Corrosive  action  of  certain  tR>ft  waters  u[»on  h^ad  in  : 

tlie  presence  of  these  ealt^,  which  might  ea.-ilv-  be  <■  .  in  i 

the  course  of  the  analysis  (Medltx-k).     Small  quantitit    ju>o-i 

nia  also  favour  the  solution  of  tlie  uietal.     On  the  other  hiuid,  tl* 
corrosion  is  diminished  hy  the  eulphatee,  the  t»hosphate.s  and  the] 
earhonates.     Oxide  of  lea<l,  indeed,  is  gcarcely  &«.>Iuhle  in  watfr| 
wliich  contain:^  tht-se  salts  in  uolution.     A  eoliilion  of  <m 
of  calcium  in  carlionic  acid  is  efiiwcially  remarkal»le  for 
servative  intluenee  which  it  exerts,  and  as  this  latter  is  a  verr 
usual  impurity  in  water,  few  spring  waters  act  «iii  tlie  nietjil  t'«  iiriv 
dangerous  extent.     In  these  cases  a  tilm  of  insoluble  carh- 
lead  is  formed  upon  the  surface,  and  the  metal  iH-neath  i»  pi  .■u-m-jj 
fi'om  further  injury.     The  action  of  water  on  lead  is  a  matter  nf  j 
great  importance  in  its  winitarv  bearings,  on  account  ■   '  '6n«j 

Bive  employment  of  this  metal  in  cisterns  and  pifK-s  !'<■ 
and  supply  of  water,     llain-water  as  collected  IV  ^| 

houses,  is  for  the  most  part  sufficiently  impure,  e-; 
towns,  to  i)reveiit  its  action  uikhi  the  metal.  Of  rU  the  eaJt« 
leail  the  hydrate<l  baj*ic  carbonate  is  the  lejist  solahle,  p«r"  "•■' 
not  taking  up  more  than  1  ])art  in  4  millione,  or  about  a 
of  a  grain  per  gallon.  If  a  solution  of  oxide  of  lead. 
water,  ctmtaining  4  or  5  grains  to  the  gallon,  lie  ex; 
air,  It  soon  becoiuo*  tilleil  with  silky  crj-stals  of  the  h; 
carbonate,  owing  to  tlie  aljsorption  of  carbonic  acid  ;  . 
houi*s  the  water  does  not  contain  more  than  j.^j^'j  j^jni  <'f  its  w« 
of  tiie  metal  in  solution.  Water  highly  chaj-ged  with  earl 
acid  may  nevertheless  dissolve  lead  to  a  dangerous  extent,  owin^ 
to  the  s<.>lidulity  of  carbonate  of  leatl  in  excess  of  carbonic  Msd;f 
when  water  thus  impregnated  with  lead  ia  lK>iled,  the  ga«  u  ex-; 
pelled,  and  the  carlK.>nate  snlisides.     So  general.  ho\(  il 

action  of  water  njxm  lead  that  it  is  rare  to  tind  any  th  rent 

kept  in  cisterns  of  this  metal  perfectly  free  from  all  Lnuna  «>f  icl 
Slate  cisterns  are  therefore  greatly  to  be  preferre<l  U<  !i;\dcii  muovJ 
At  high  temperatures,  lead  al>sorl«  oxvgen  r  tla] 

air  ;  it  undergoes  partial  volatilization,  and  emit*<  ..^  ofj 

oxide.     It  19  not  acte<l  U|K.m  by  sniphuric  or  hydrocJi  :  at| 

ordinary  temperatures,  juid  but  slightly  even  when 
tlieni ;  but  it  is  dissolved  with  extrication  of  nitric  oxi 
acid,  especially  when  the  acid  is  somewhat  diluted, 
of  acetic  acid  corrode  it  gradually,  and  if  carbonic  iu'i<l 
sent,  convert  it  rapidly  into  white  lead.     Green  oak  wood, 
tlie  quantity  of  acetic  acid  whicli  it  contains,  should  '"■'  ^"• 
in  cfjiitact  with  lead  for  building  pur]ioeeH.     The  alk 
exercise  any  decided  influ< '         •    ■   '  nd.     Cldor- 
couvt-rt-s  the  metal  into  chl  •  Him  ot' 

vhich  i&  funued  on  the  eui  loJ  Lteu«:a^tli. 
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e  presence  of  moisture,  load  is  corrodeJ  when  in  contact  with 
ulj>hate  of  calcium  ;  hence  in  iti«  application  to  arcliitectural  pnr- 
>08es,  the  eonlact  of  stucco  or  plaster  with  lead  should  be  avoided. 
The  lead  of  commerce  is  otYen  nearly  pure.  The  purest  epe- 
limens  arc  tlio  s<irtest.  Traces  of  tin.  iron,  cojiper,  and  silver,  and 
rornetimcs  of  mitimonv  and  manganese,  are  the  impuritieti  which 
ire  niOi=t  often  ohsers'ed.  In  order  to  obtiiin  it  perfectly  pure,  it 
liould  be  reduced  with  black  flux  fi'oni  the  oxide  left  by  igniting 
tlic  pure  nitrate  «ir  carbonate  of  the  metal. 

(81>C)  ^Vs. — From  itt^  sofh)e(*s,  fusibility,  duraliility,  and  the 
ase  with  which  it  may  be  worked,  lead  ifi  ajiplied  to  a  nmltipH- 
itv  of  purjxjsies.  The  recejvtion  chambei-s  in  tlie  inaTiufacture  of 
ulpliuric  acid  are  Hned  witli  it.  It  forms  the  ordinary  material 
or  cistenis,  water-pipes,  and  gutters,  an<l  is  freipiently  emphiycd 
ii  covering  the  roofs  of  houses. 

The  aJloyfi  of  lead  are  numerous  and  important.  Shot  for 
fowliTi;j-])icces  is  an  alloy  of  lead  with  a  small  prnpnrtioji  of  arse- 
pic,  wliich  hardens  it  and  facilitates  its  gniuuhitioTi  into  t^InbnlL's ; 
the  ijunntitv  of  arsenic  varies  with  the  purity  and  softness  of  the 
ead  :  usually  it  requires  from  3  to  S  parts  in  tlie  lOtiO.  The  com- 
mon white  arsenic  of  the  shops  is  added  to  the  lead,  melted  in  a 
overed  vessel ;  the  arsenious  anhydride  is  reduced  by  the  lead, 
>nd  the  oxide  of  lead  thus  formed  rises  as  a  film  to  the  surt'ace  of 
the  alloy.  Sunnenschein  observed  an  alloy  of  irf»n  and  lead 
FePb,)  which  had  been  accidentally  formed  in  a  blast  furnace, 
n  acicular  feathery  crystals  ;  it  was  yelluw,  harder  than  lead,  and 
if  sp.  cr.  10'3(! ;  it  contained  11  "14  per  cent,  of  iron. 

Wlien  lead  is  alloyed  with  about  one-tlurd  of  its  weight  of  an- 
iraony  it  fontis  type  mHal :  a  snjterior  variety  of  type  consists  of  1 
>art  of  antimony,  1  of  tin,  and  2  of  lead ;  it  is  harder  and  tougher 
Jianthe  common  alloy  used  for  this  ]niqH»se.  I'otli  tlie  allf^ys  aro 
nrticicTitly  fusible  to  allow  of  being  reiulily  cast ;  tliej  expand  at  the 
moment  of  solidification,  and  copy  the  mould  accurately  ;  tlicy  are 
ard  enonojh  to  bear  the  action  of  the  press,  and  yet  not  so  hard 
8  to  cut  the  paper.  The  ordinary ^/"w^ni/^  metal  contains  lead,  as 
io  the  various  compounds  called  pewter,  Britannia  nielal,  and 
queen's  metal.  The  solder  used  by  tinplate  workers  and  |>lunib- 
fers  is  a  mixture  of  lead  and  tin  (812).  When  lead  is  iiielled  with 
iue,  a  wliite,  hard,  ductile  alloy  is  formed;  but  the  two  metals 
separate  into  two  distinct  layers  if  the  fused  mass  be  left  to  cool 
lowly.  Pot^-mstal  is  an  alloy  of  lead  and  <:oi)per,  ol)tairie<l  by 
hrowing  lumps  of  co]»per  into  red-hot  melted  lead  (Brande) :  it  is 
if  a  ^ri^y  colour,  brittle,  and  granular. 

Other  compounds  of  lead  are  also  largely  employed  in  the 
Qt8.  The  red  oxide  is  used  in  large  proportion  in  the  maTiufac- 
ure  of  flint-glass  (590).  The  cart»onates,  the  oxychlorides,  and 
lie  chnnnates  are  extensively  employed  as  pigment.^. 

(897)  CoMPODNOs  OF  Lead  with  Oxygen. — Lead  foi-ma  four 
)xidcs :  —  an    nnimi>ortaut  black   sidwxide,  Pb,0,  obtained   by 
nftling  the  oxalate  to  about  TiOu",  in  a  gla-ss  retort.  »  A  Tioloxide, 
*b0,  from  which  tlie  ordiuary  siilta  ot  the  metal  are  iormed ;  a 
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.  SbO^  which  i«  insttlnble  in  acids ;  and  i^ 

'  of  the  two  oxided  lasl  montioued.  i.- 

Kated  bv  tla-  f..rnudH  (2  Pbe,PbO,). 

^  Leckf  (PbO  =  223,  or  PbU  =111-5);  Sp.  Or. 

\imp.  m  lytO parts,  Pb,  9282;  O.  7'18.— This  oxidu 

:.i  •^•••wu  ondcr  the  natno  of  lithanje.     It^  c/jb:)ar  vari«  a/> 

EB^  13»  tfa»  Bu.HJe  of  its  preparation.     UhuuII y  it  ia  obtaint-d  i/n 

19  sMBito  bjr  the  oxidati«>n  of  li-iid  in  a  current  of  »ur,  in  whid 

uMHk  ikriunB»a  scaly  nia^^,  wbich,  if  of  a  vtdluw  colour,  \%  ctui 

«MMi|r  IwnMi  fitkarge  of  silver;  if  redder,  it  is  termed  lithflrge< 

20&{.     TIw  fiCBMr  is  the  purer,  as  the  red  cobmr  \a  dm*  in  nm 

'^  Mvseooe  of  a  small  quantity  of  miniiuu.     If  the  «i 

.  -M  adKvted  «t  o  temperature  below  that  rctjuired  for 

I  of  t^  ojtiile,  a  yellow  powder  termed  mamicot  h  obljun* 

Sthac^,  when  reduced  to  a  fine  powder,  aUo  ha^  a  Ut 

xailiiM  AilMir;  when  lieated,  it  iissuine^  a  ]>r<>wn-rt.Ml  hue,  wl 

pCMR  anui  as  it  eoi>lt«.     If  a  h<it  solution  <>f  cmtnTicI 

_  .Mp  t'^H»  be  saturated  with  litharge,  the  oxide  i^  dcp 

ImsA^  QuaBi  i->«>ls  in  beatitiful  ardiydrous  roiie<Md' 

Tfthi?  ?»imt'.in  ..f  oxide  of  lead  in  caustic  soda  be  all    .. 

u;j.ly  by  expoiiure  to  the  air,  the  alkali 

annu'o  v-u  .^riuc  »cid,  and  the  oxide  is  deposited  in 

«I^MinN»  dtxiecahedral  crystals. 

If  tbm-  «h  of  IwmI  be  precipitated  by  the  addition  of  a  t»i»i*»-' 
'VM^faiU  tMis£^t  excess,  the  oxide  of  lea<l  h  preci]iirHr<-<l  in  tJA 

iuf»  white  hydrate  (2  Pbfc>,II,e).  Auotlier  hy 
Mi^  Mi^  ^  obtained  in  ^roui>s  of  tranEipan^nt  oct' 

,  prisms  mixed  with  aidiydrous  crystals,  by  prccipif 
hU^  tnb«sic  acetate  of  lead  by  au  exceed  of  antniun 
»>f  86^ 
,  Bliiar;^  and  the  hydrated  oxide  of  lead  absorb  cart 
Aun  the  atino(«phei>e. 
I  of  le*ii  ftises  at  a  heat  above  redneae,  and  er' 
lawai-transparent  scales.     When  fused,  it 
tiw  earths  an<l  with  s-iliea,  spee<lily  d< 
.-,i»»^  lt\»  v^Tiu-ililea  in  which  it  is  melted.     It 
nici hies,  since  it  becomes  dw- 
»^  iwi-tilic  lead  ;  the  l.-ttter  attacking  and  >ji(>iikil;  "k  , 
1W  p«»v»toxide  is  slifirjitly  soluble  in  water,  to  whicli  iCl 
Mk  «A alkaline  re.-ictl on/    The  presence  oi  '? 

matter  diminishea  or  prevents  tl 
ition  absorbs  carbonic  acid  rapidly  li'oio  tUr  ajr,-j 

in  many  eases  causes  the  depot^itiou  of  a  1« 
4icla    la  the    form  of    hvdj'ated    boMc 


I^ble  in  BoliitionK  of  the  eau»lic  alkaliiw : 
■•\-h  with  the  alkalies  and   all   ' 
i.MJ  ill  crystals;  they  Hr»«.  In»'.' 
':•'  alniosphiTc 
■  liition  of  the  ■ 
•Mr-dre  :  the  lime  eoftutu  and  {fardi 
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ses  the  hair,  and  the  load  of  the  oxide,  combining  witli  the 
of  the  liair,  fornifi  suljihide  of  lead,  which  stains  the  hair 
•niaiient  black.  Litharge  is  in  continual  requis^ition  by 
ae  <u<#a_ver  as  a  iinx ;  it  abo  enters  largelj'  into  the  comjiosition 
f  tiic  j^laze  of  common  earthenware.  A  niixttire  of  I  jmrt  of 
D(ie»icot  with  8  or  ID  of  brick-diit-t,  made  into  a  paste  witli  linseed 
&Jonu6  D/til  mastic  ;  it  seta  exceedingly  hard,  and  is  frequently 
snployed  to  repair  defects  in  stone  facings  ;  the  stone  bhouhl  be 
ttoistened  before  applying  the  luastie. 

Oxide  of  lead  is  a  powerful  ba.se.  It  has  a  strong  tendency  to 
(>nii  basic  salts;  tlitvse  which  it  yields  with  acetic  acid,  and  some 
if  those  with  nitric  acid,  are  soinblc  :  they  exert  a  strongly  al- 
taliae  reaction  upon  test-paper,  ami  absorb  carbonic  acid  witli 
ividify.  Indeed,  owing  to  the  very  sparing  sidnbility  of  tlie  basic 
Barbonute  of  lead,  a  solution  of  a  liasic  salt  of  lead  is  the  most 
lelicate  test  for  the  presence  of  carbonic  acid,  either  in  a  gas  or 
la  ilisrilled  water  ;  a  mere  trace  of  carbonic  acid  occasions  the  for- 
ination  of  the  peculiar  silky  crystalline  precipitate  which  cha- 
htctiTizes  the  basic  hydratetf  carbimate  of  lead. 

(Sfis)  Minium,  or  red  lead  (sj>.  (jr.  about  i>*tis),  is  a  compound 
of  protoxide  of  lead  with  X\\q  pert)xide  of  tlic  metal.  It  was  ob- 
t»iiipd  by  Rerzelius  as  PbO.PbO,,  Iiut  its  most  usual  ounposition 
is  represented  by  the  formula  2  PbO.PbO,,  tliongh  well  crystal- 
lired  samples  have  l>een  formed,  wlucli  consisted  of  3  PbO,PbO^ 
All  these  compouiuls  pos.sess  a  brilliant  red  colour.  If  the  latter 
two  be  treate<l  with  a  sohitioii  of  potiish,  or  with  one  of  norma! 
acetate  of  lead,  the  excess  of  oxide  of  lead  may  be  dissolved  out, 
ami  tlic  compound  PbO.PbO,  is  left. 

Red  lead  is  t)btiiineel  by  heating  metallic  lead,  so  as  iirst  to 
procure  tlie  protoxide  or  massicot,  keeping  the  temi»eriiture  below 
'lie  fiistng-point  of  the  oxide;  the  oxide  so  obtained  is  tinely 
levigated  in  water,  an«l  the  i)ai-ticlea  which  are  held  in  suspension 
•w  allowed  to  subside,  dried,  and  exposed,  in  iron  trays,  to  a  he.at 
of  about  600°,  in  a  reverboi-atory  furnace.  Tlie  adilitiouiil 
•loantity  of  oxygen  is  gradually  aV)sorbed.  If  Mdiite  lead  is  sub- 
niittwl  to  a  similar  roasting,  the  carbonic  anhydride  i.s  expelled, 
Jeaviiij/  protoxide  of  lead,  wliich  is  converted  into  minium  of  very 
Iwie  ([uality  by  the  gradual  absorjitioii  of  oxygen.  The  principal 
ywof  red  lead  is  in  the  manufacture  of  flint  glass.  Much  cai-e 
•*  required  in  the  preparation  of  minium  for  this  purpose:  it  ia 
lecessary  that  it  sliould  l»e  free  fn>m  the  oxides  of  other  metals, 
^'liich  woidd  impart  crdour  to  the  glass.  In  tbe  oxidati«tn  of  the 
J^d,  which  constitutes  the  fii^st  stage  in  the  jireparation  of  red 

,  the  metals  which  are  more  oxidizaltle  ttian  lead  are  removed 
'*''th  the  tii"st  ])ortions  of  oxide;  whilst  the  co[>per  and  silver  ac- 
"iiuulate  in  the  portions  of  oxide  which  are  pr<^idnced  last.  The 
•jt^rinediate  stage  of  the  operation  is  therefore  that  which  fur- 
"*lies  the  purest  oxide.  Minium  is  better  suited  to  the  fflf***- 
"nker  than  litharge,  because  the  excess  of  oxygen  burns  ofi  any 
^rabubtible  matter  which  may  accidental!}-  be  present,  and  ctui- 
Brts  tlie  protoxide  of  iron  into  peroxide,      lied  lead  is  also  used 


:...:::.  very  tinoly.  and  digestinj;  the  \h*\ 

.  :.^jred  with  -t  or  5  tilno^•  its  hulk  ot'  wnl 

v::;;  fresh  nitric  acid,  and  then  with  wi 

.•.'T  is  removed.     It  may  also  be  obtainec 

i:  j  mixture  of  4  parts  of  litharjre  in  tini 

.  ..!«r;kTe  and  i>  part?  «.'f  nitrate  of  potass] 

.-»..:io:  with  water.     Wohler  prepares  tl 

; .:  i  current  of  gjise«.'Us  chlorine  tlirouj 

■■    i;:A.ing  a  solution  of  4  parts  of  acota 

:    ;  I'xirts  of  crystallizeil  carbonate  of  6t 

'.-:i*i  '>?i.'onics  gradually  but  c»>nipletcly 

I    rui.  and  must  be  thoroujrhly  waahe< 

- .  :-fiii.'<i.  and  acetic  and  carbonic  acida 


I.-*. ->'a.€^,+ci,+2  n,e=Pbe.+2 

2XaCl4-H,e,eO.. 

iitr   i.vitiising  ajjents  may  be  employed 

.-     li-.-  'lie  ivro.xide  of  lead :  thus  acetate 

.  a   >  s.'i-i::on  of  bleaching-powder  yield 

k  -i.^     i  .t'th.1  is  insoluble  in  water  and  in  a 

-a*  imtcr  disengagement  of  oxygen  into 

.^   ..!  .tjr*«ie  instantlv  deconiitoses  it,  for 

....•-w..u:  PLvO,+S0i  =  PbSe,;  hence  i1 
^    .    -*   .•»ix»fsitorv  to  absorb  sulphurous  a: 

.J  ...t:-.pii*e#.  If  digested  in  a  solutior 
^  <w  ■  • ..  -surrvut  of  the  gas,  mutual  decomp 
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d  as  the  solution  cools ;  plnnibnte  of  potaRsinin  consists  of 
0„  3  H,0  (Fremy).     Pure  water  decnTiipoKes  these  corn- 
Is,  and  tlie  peroxide  of  lead  suhsides.     Like  the  ]>eroxides  of 
and  luanij^iiuese,  the  peroxide  of  lead  is  a  conductor  of  elec- 
wty,  and  is  tormed  at  the  zincixle  of  the  hatterv  wlien  aqueous 
^atious  of  the  ordinary  suits  of  lend  are  deoonipuseil  hy  the  vol- 
ic  current. 

(9(10)  CoMPorxDS  OF  Sni.pnrR  wrrn  Lead. —  The  most  impor- 
itof  thei5e  is  the  protosulphide,  P1>S,  the  galena  of  mineralo- 
Besides  thi;?!  a  su}»sulpliide,  P1>„S,  is  forined  tts  the  lead  matt 
reducing  galena ;  and  a  red  pei'suhdiide  is  also  obtainable, 
though  its  conijVjsition  is  not  accnratelv  known  :  it  is  quickly 
IBolvoil  in  the  liquid  into  pr4)tosulphide  of  lead  and  free  sulphur, 
Tliis  persulphide  is  pnM-ure<l  by  adding  a  solutiun  of  a  |iei'sulj)liide 
of  one  of  the  metals  of  the  alkalies  to  a  solution  of  a  salt  of  lead. 
Protosulphide,  or  GaJena  (PbS=  23(1.  or  PbS  =  110-5) ;  ^p.  Vr. 
7-Mt;  Vnmp.in  100  piH^t,  Pb.  RHtU  ;  S,  13-39.— Galena  is  an 
ibmidant  mineral,  and  fonns  the  pritu-ipal  ore  of  lead:  it  is  a 
fcriftle  substance,  and  is  tbnnd  crystallized,  more  or  less  distinctly, 
inculics  of  a  deep  leaden  coliiur  and  strong  metallic  lustre.  It 
fflST  lie  formed  artiticially  by  fusing  lead  with  sul])hur  ;  or  it  may 
Iw  prcci])itated  as  a  hydrate  by  treating  any  of  it,s  salts,  either  in 
Bohitii)!!  or  in  suspension  in  water,  with  sulphuretted  hydn^gen. 
6ul|>liide  of  lead  re<juire3  a  full  red  heat  for  its  fusion,  and  at  this 
terajierature  it  undergoes  ]>artia]  vfdatilization.  When  heated  in 
closed  vessels,  part  of  the  sulphur  is  expelled,  and  a  suhHiifphnlfi 
(Pli,S)  left:  this  subsulphide  is  formed  on  the  large  scale  in  tho 
]  pnxjess  for  reducing  galena  ;  it  is  mure  fusible  than  tlie  sulphide, 
I  and  iiiiiy  be  melted  at  a  high  temperatm-e  without  uudergDing 
'  de«iin|iiisition  ;  Init  if  it  be  heated  only  to  the  point  at  which  it 
l)«^ins  to  sotlen,  the  subsulphide  is  decomposer],  and  metallic  lead 
melts  <iut,  leaving  the  less  fusible  protosnjphide.  Galena,  when 
lieated  in  contact  with  air,  is  oxichited,  part  of  the  sulphur  burns  off, 
OTdamixtureofoxideof  leatl  and  sulphate  of  lead  is  formed.  Nitric 
acid  and  aqua  regi a  decompose  it,  converting  it  into  sulphate, 
hydrricldorie  acts  but  slowly  uy>on  it  in  tlie  cold,  but  at  a  boiling 
ft'iDpt-ratare  it  decomposes  it  freely  and  evolves  sulpburctteil 
liydniirfn.  When  this  sulphide  is  fused  with  lime  or  with  tho 
tvlfitcd  alkalies,  metallic  lead  is  obtained.  If  heated  with  oxide 
of  lead  or  of  iron,  it  is  reduced  with  escape  of  sulphurous  anhy- 
dride. Wlien  heated  with  a  sm^ll  quantity  of  nitre  a  sinular 
"sTiIt  ifi  obtained.  Wlien  the  sulphide  of  lead  is  heated  with 
Metallic  iron  it  is  decomposed,  sul[iliide  of  iron  and  metallic  lead 
witigtlip  result.  Ail  vantage  is  taken  of  this  fact  in  the  assay  of 
plena;  200  grains  of  the  powdered  ore  are  mixed  witli  300  of 
I'lack  flux,  3  or  4  Idacksmith's  nails  are  placed  in  a  CMrTii>b  cni- 
f'll'le  with  their  heads  downwards,  the  mixture  is  introduced,  and 
Coveref]  with  a  small  quantity  of  fused  and  powdered  borax.  It 
•s  lieateil  to  full  redness  for  10  minutes  :  the  nails  are  withdrawn, 
^"d,  when  cold,  the  crucible  is  broken,  and  the  button  of  metallic 
'  is  weighed. 
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(90n  Chloride  of  Lead  (PbCl,=278,  or  PbCl-  '   " 
6-8:   Cfffup.  in  100  /wtWw,  PV»,  74r-4H;  CI.  25-52)  i«  I 
hy  pit'cipitating  a  solution  of  nitrate  of  lewl  hv  tli 
li'vdrncliloric  acid,  or  of  a  solution  of  chloridt?  of  R" 
ingly  soluble,  white,  heavy  precipitate  ocours.      It 
nl)Out  33  parts  of  hoilint^  water,  Kut  it  id  fakeu  up  n:       ^ 
if  an  excess  of  liydrocliloric  acid  be  preaeut ;  the  amwn' 
acid,  however,  dissolves  it  readily,  ami  depositeit  inlong,  di'll 
six-sided  i»eedles.      It  i&  easilv  fusible  uito  a  senii-imn^p' 
homy,  sectile  msisa,  an<l  at  higb  teinperutnres  may  be  volat: 
If  kept  fused  in  air  till  no  inure  fumes  arise,  it  is  convertt«<l, 
an   oxycliloride  (PbO.PbCl,).     The  alkalies  at  tirst  con 
into   an  oxycliloride,  and  if  tlie  action  be  prolonged,  intii 
oxide. 

OrycMorid.e«  qf  Lead. — The  chloride  combines  with  oxlJe 
lead  in  several  proportions.  One  of  thc^o  fonn«  a  white,  tn: 
ku'ont,  fusible,  colourless  mineral  (2PbB.PI>{"l,^.  urhich  \a  fo^ 
in  the  Mendip  Hills  crystallized  in  rijujht  rhombic  prisms.  P«i| 
eon's  white  oxychloride  of  lead  (PbB,PhC"l,)ih  priKi' 
ing  galena  in  a  dosed  ehert-mill  with  e<nu'eiitrafo<i 
acid:  sulphuretted  hydrogen  is  lil)enited  in  large  ijimtiiirv, 
the  sparingly  soluble  cldoride  of  lead  Is  first  waj^hed  witli 
mon  water,  and  chalk  added  to  neutralize  every  trace 
acid  :  it  is  then  dissolved  in  hot  distilled  water,  ami  }>ri*ci 
bv  the  addition  of  lime-water  in  quantitv  just  sufficient  to  n 
half  the  chlorine;  OaO  +  2  PbCl,  =  <^<^l,-t-Pbe,Pb01,. 
oxychloride  is  used  to  some  extent  sis  a  pigment  instend  of  whit 
lead.  Another  oxychloride  (PbC'l,,  7PbO)  is  a  pigment  of  *iii 
importance,  known  tinder  the  name  of  jHtfrnt  yclUnr  kf  T^trn^ 
i/eNoic ;  it  forms  a  very  fusible  compound  of  a  bright  yclln 
colour,  which  may  be  obtained  by  heating  together  1  part  uf 
ammoniac  and  10  parts  of  litharge. 

When  an  acid  solution  of  chloride  of  lead  is  prc*<  i  -*   '    1 
current  of  sulphuretted  hydrogen,  the  precipitjite 
fyriued  is  of  u  bright  red  colour,  but  by  the  further  iu;li«^u  ul 
Kgati  it  becomes  bhick,  and  furnisher  sulphide  of  lead :  the  ret]  <yxi 
pe«nd  k  a  chlorosHlphidt  of  lead  (3  PbS,  2  PbCl,). 

Bromidk   oK  Lkai)    (PbBr,=3»>7,   or   I'blir=  ISS'5 ;    $p,  jprj 
6'63)  is  white,  sparingly  soluble,  and  fusible  at  a  red  heat- 

(902)   lontDE  OF   IIeai)   (Pl)I,  =  4(ll,  or  PbI=230-5:  *j 
6"384)  is  easily  obtaincfl  by  precipitating  a  solution  of  the  ti 
or  the  acetate  of  leafl  by  one  of  iodide  of  potax'^ium  :  it  is  tl 
down  86  a  bright  yellow  powder,  sparingly  soluble  in  <'<dd 
but  more  soluble  in  lii>t  water;  the  s«)lution  as  it  ■ 
beautiful  yellow  spangle-i  of  a  silky  lustre  ;  they  ina\ 
a  moderate  heat. 

The  iodide  of  lead  forms  double  salt*  with  the  i."';i'-    <i^ 
alkaline  metalH.     Several  oxyiodides  of  lett<l  may  al 

A  remarkable  compound  of  oxviiidi<h^of  le:i  ' 
of  lead  lPb,yl,  .  4  Hl.C'O,,  or  I'lil,  Pl.Ol  .  4 
blue  colour,  iu«iy  b«  obtained  by  precip  i,c  u-<l>ii*;i;  m^ 
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of  Iciid  with  a  mixture  of  1  atom  of  binlodido  of  potassium  and  3 
of  carbonate  of  potassiiun. 

Fluoride  of  kad  (,PtF„  or  PbF)  is  white,  insoluble,  and 
fusible. 

(903)  SrLPUATE  OF  Lead  (PbSe,=303,  or  PbO,SO,=151-5)  ; 
So.  Or.  C-30:  C<mp.  in  100  jja, -is,  PbO,  73'61  ;  SO,,  20-39.— 
This  compound  occurs  native  in  white  prismatic  or  octohedral 
crvstftls;  it  le,  also  found  iu  combination  with  carbonate  of  lead. 
"when  procured  artificially,  it  forms  a  white  powder,  slightly 
soluble  in  nitric  acid,  freefv  so  in  a  solution  of  acetate  of  auinio- 
Jiium  of  sp.  gr.  I'OGO,  or  upwards.  An  excess  of  sulphuric  acid, 
however,  throws  down  nearly  the  whole  of  the  lead  as  sulphate 
from  the  acetic  solution.  The  otlier  salts  of  ammonium  also  ]>os- 
sess  the  property  of  di.ssolvinjj  sulpluite  of  lead,  but  to  a  smaller 
extent.  They  form  double  salts  with  the  sulphate  of  lead,  and 
these  compounds  are  slightly  soluble.  Sulphate  of  lead  is  dis- 
Bi>lred  also,  to  some  extent,  Ijy  coiieentruteu  sulphmnc  acid,  but 
it  18  insoluble  in  pure  water.  Hot  hj'drochlonc  acid  likewise 
dissolves  it  sensibly,  and  deposits  crystals  of  chloride  of  lead  on 
C<'H^liMg,  leaving  a  jiortion  of  sulpliuric  acid  free  in  the  solution. 
It  may  be  obtained  by  adding  siili>huric  acid,  or  a  solution  of  any 
sulphate,  to  a  solution  uf  one  of  the  salts  of  lead.  It  is  furnished 
in  large  quantities  as  a  secondary  product  during  the  preparation 
of  acetate  of  aluminum.  Like  all  the  insoluble  compounds  of 
lead,  it  L*  gradually  decomposed  by  sulphuretted  hydrogen  ;  a 
black  sulphide  of  lead  is  formed,  and  the  acid  is  set  free.  I'efore 
the  Idowpipe  it  yields  metallic  lead  in  the  reducing  flame,  though 
it  will  bear  a  nigh  temperature  without  decomposition  when 
heated  ahme.  Sulphate  and  sulphide  of  lead  wlien  heated  to- 
gether decompose  each  other,  as  explained  when  speaking  of 
the  process  ot  lead  smelting  (890).  The  sulphate  is  reduced 
when  heated  with  carbon,  but -the  products  vary  with  the  pro- 
portion of  carbon  used,  as  may  be  seen  by  the  annexed  equa- 
tions : — 

2  Pbse. + e = 2  Pbe + ee, -f  2  SO, ; 
Pbse,-fe=Pb-f-ee,-i-ye,; 
Pbse»  -f-  4  e= Pbs  -I-  4:  ee. 

Sulq>hiU  of  lead  (PbSO,,  or  PbO,SO,)  is  a  white  powder,  in- 
soluble in  water,  but  soluble  in  acids  with  escape  oi  sulphurous 
acid  :  when  heated  it  is  partially  decopmoaed,  with  escape  of  sul- 
phurous aidiydride, 

(904)  NrruATEs  of  Lead. — 0.xide  of  lead  forms  several  salts 
■with  nitric  acid,  viz.,  Pb  2  NO. ;  Pb  2  Ne„Pben,e ;  2  (Pb  2  NO,, 
2  PbO)  3  U,e ;  and  2  (Pb  2  XO,,  5  PbO)  3  H,e. 

NUrat^  of  Le<id  (Pb  2  Ne,=331,  or  PbO,NO,=165-6);  ftp. 
gr.^M:  Ccmip.  in  100  part^,  PbO,  6722  ;  N.e„  32-78.— This 
«alt  is  eiisily  formed  by  dissolving  litharg^e  or  metallic  lead  in 
an  excess  of  nitric  a<!id  .somewhat  diluted:  it  cr\'stallizes  in  ref^ii- 
lar  anhydrous  octohcdra,  which  are  Bometimea  transparent,  but 
more  uonmiunly  milk-white  and  opaque.     It  is  soluble  in  about 
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8  parts  of  cold  water,  m  sparingly  eolulile  in  nitrie  acid,  arid  Ie- 
8t)Iable  in  alculiol.  If  heivted  to  redness,  it  decrepitjitts  ^triTi^k, 
tben  fuses  and  is  decomposed  ;  oxygeti,  and  peroxide  of  nitrifra 
(XOj),  in  the  anhydrous  state,  are  evolved  {^*n),  while  priiinsiile 
of  lead  remains.  Caustic  ammonia,,  if  added  to  a  golutIi>ii  uf  tk 
nitrate,  in  quantity  inftuffieient  to  combine  with  the  whole  of  tin 
acid,  throwt!  down  a  eparinglv  soluble  diha»ic  nUmi«  cf  Ud 
pb  2  Ne,.Pb0,n,0).  ThiB  salt  may  be  also  pr».enmikW- 
ing  the  normal  nitrate  with  litharge.  It  is  said  to  be(Vp«>ited 
from  ita  solution  in  hot  water,  in  email  opaqne  anhydrous  crv^tik, 
which  decrepitate  fortiblv  when  heated  ;  I  have,  howevtr,  alw«R 
foimd  it  to  ciystaHize  in  leaflets  witli  H,0,  and  this  aeeortia  «itli 
Peligot's  ol>servation.  By  precipitating'  the  nitrate  v^-ilk  a  iiipal 
excess  of  ammonia,  a  triba^ic  nitrate  is  tbrmeti,  which  falls  n  I 
white  powder,  containing  1|^  Hj^i  by  adding  a  lar^  eswi 
of  ammonia  to  the  normal  nitrate,  a  Aexo/mtrate  is  formed ;  it  ik 
contains  1|  H,©  (Berzelins.) 

(905)  iNiTRrrEs  of  Leas. — The  action  of  metallic  le*d  out 
solution  of  the  nitrate  of  lead  ia  remarkable  ;  the  solation  of  tlw 
normal  salt  dijisolvea  the  metal  without  evolution  of  gas,  ir]i3d 
basie  salts  of  the  lower  oxides  of  nitro|ren  are  prcKiueea.  Seraol 
of  these  compounds  may  be  obtained;  the  conip«j«ition  of  lie 
basic  salt  varying  according  to  the  proportions  of  the  norcal 
nitrate  and  ot  the  metal  employed.  When  a  solution  of  331 
parts,  or  1  equivalent  of  nitrate  of  lead,  h  heated  to  about  W, 
with  207  parta  or  1  equivalent  of  metallic  lead,  perfect  solntion 
takes  place,  and  ii  salt  having  the  fonnnla  (2PhXO,,n,6l  i-rf- 
talKzes  on  cvioliiig,  in  yellow  plates;  for  Ph3N0,  +  Pb=2fb 
N#,,  If  IJ  equivalent  of  lead  be  employed  insfitead  of  1  e^w- 
vah'nt,  another  salt,  composed  of  (7  PbO",IIO,  2XO,.2Aql,or 
(4  PbX0,,  3  Pb0II,0),  ci-y^tallizes  in  heavy  orange-re<l  neeiiUes. 
By  iKiiling  a  very  dilute  solution  of  the  nitrate  with  2  e^^ni^- 
lents  of  lead  for  ?ome  time,  a  third  salt,  which  is  a  tetranitnk  i;^ 
t^^ijL  civinposed  of  (Pb  -1  X0, .  3  Pbe,H,0,  or  4  Pbf).XO„  Aq; 
Pti'Iiij^orv,  t-rViStallizes  in  hard  rose-red  silky  needles,  whieh  an'bnt 
sparingly  soluble  in  hot  water,  and  still  less  so  in  cold  :  anornul 
nitrite  of  lead,  Pb  3  X0„  may  be  formed  by  transniitring  i 
current  of  earbonic  acid  through  tlie  solution  of  the  basic  ni- 
trite ju^t  raentionetl  :  a  diba'^i't;  nitrite,  Pb  2  ]S'0„Pb0,H,e, 
as  well  as  a  tri  basic  nitrite,  Pb  2  N0„  2  Pb0,  have  also  be© 
fonneii. 
'  V'^*^^'"^  Phosphates  of  Lead. — The  salts  of  lead  give  a  white 

f  precipitate  with  the  soluble  sjilts  of  each  modification  of  phoe- 

1  phorio  aoid ;  these  phosphates  are  principally  interesting  as  far 

I  nishijisr  an  easy  means  of  pnvuring  the  hydrates  of  these  different 

aoids,  by  su>}vnding  the  oorresixvnding  salt  in  water,  and  decom- 
IMsiusr  it  by  means  of  a  current  of  sulphuretted  hvdrc^n.  All 
the  ph>v«phates  of  lead  are  soluble  in  nitric  acid.  1?he  pyropi/x- 
p\,jt<  cT  }f\uf  ^Pl\,PjO.».  before  the  blowpipe  furnishes  a  seini- 
tran^jxarnMU  jrlobule,  which  becomes  remarkably  crystalline  oa 
cvx>i'ux^.     TrtKi»$«c  j^Ao$pAa6!  of  l^ad  occurs  both  inassiTe  and 
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rrrstallized  in  eix-sided  prisms ;  the  nrixluoc  cif  a  sinnll  mine  at 
\^isscmbonrg  consists  principally  of  triis  compound,  niixe<l  witli 
tlie  cnrbonatc  of  lead.  A  chhrophmpfuite  of  kad  [PbCl,,  3  (Pb,  2 
P0,),jy).  (jr.  T"01]  is  found  native  in  yellow  six-sided  prisms  :  it  is 
readily  fusible. 

lionu'ic  anhyfjr'nlt!  may  be  fu&edwitli  oxide  of  lead  in  all  pro- 
portions; borate^  of  lead  enters  into  the  conipot^ition  of  Faraday's 
oiJtic.Ml  t;lii.'«.  Tlie  s!llcat':s>  of  had  enter  largely  into  the  fonna- 
tMii  of  tlint  glass.  Silica  and  oxide  of  lead  may  be  fused  to- 
gether in  almost  all  proportions  ;  the  larger  the  proportion  of  silica, 
the  less  fusible  is  the  cotnpound.  and  the  freer  from  colour:  with 
•n  t'Xci'ss  of  oxide  the  glass  is  yellow, 

(i)07)  Carhonatks  of  Lead.  —  Native  carbonate  of  lead 
(Pb€M^,,  or  PbtXCO, ;  np.  (jr.  6*40)  is  a  beautiful  mineral  met 
•witli  cTH'stallized  in  tranrparent  needles,  or  in  tilirous  masses, 
which  ai'e  gt-nerally  opafjue.  It  is  sotY  and  brittle,  and  usually 
accomifunics  the  deposits  of  galena,  in  small  quantity'.  The 
manutiicture  of  carbonate  of  lead,  or  ichiU  had,  for  the  painter, 
13  carried  on  upon  a  large  scale.  Several  methods  are  in  use  in 
the  jireparation  of  this  com|K)und ;  in  all  of  them,  however,  cer- 
tain peculiarities  in  the  i)roi>erties  of  the  acetates  of  lead  are 
tako]i  advantage  of.  Tliore  are  two  acetates  of  lead — a  normal 
Bait,  Pb  2  e,H,e„  and  a  tril)asic  acetate,  (Pb  2  e,H,e,  2  PbO). 
A  solution  of  the  nonnid  acetate  in  the  presence  of  an  excess  of 
oxide  of  lead  readiW  unites  M-ith  it  to  fonn  the  basic  salt,  and 
this  basic  acetate,  if*^  exposed  to  an  atmosphere  containing  car- 
bonic anhydride,  rapidly  absorbs  this  gas,  and  is  thus  converted 
into  carbonate  of  lead  and  normal  acetate.     These  changes  may 

thus  represented : — 

Ac«Ut«  uf  Lex).         Ox,  Lead.  TrIbMlo  AoeUte  of  VttA. 


Pb  2  e,H,e, + 2  Pbe= Pb  2  e.ii.e,,  2  Pbo ;  and 

THbulo  A«ctitU  of  Lead,        Ou-b,  Anb;d,      AceUte  of  Lrad,  \jntA. 


Pb  2e,n.e,,  2  Pbo-f  2  ee,=Pb  2  G,ii,e,+2  Pbee,. 

TI10  following  is  the  plan  which  is  known  as  the  Dutch  method 
of  making  wliite  lead;  it  is  still  carried  on  extensively  at  Lille: 
— A  number  of  small  gbized  earthen  jwts  are  partially  tilled  with 
a  weak  jnnlt  vinegar,  aiid  in  each  pot  a  thin  sheet  of  cu'st  lead 
Ctiiled  into  a  spiml  form  is  placed ;  these  pots  are  then  imbed<led 
in  spent  tan,  airanged  in  rows,  and  covered  with  lioards ; 
thns  prepared,  thev  ai*e  placed  in  tiers  one  alK)ve  another  to  a 
depth  of  IS  or  20  leet, — tne  warmth  given  out  during  the  putre- 
faction of  the  tan  volatilizes  the  vinegar,  and,  under  the  united 
influence  of  the  air  and  acid  fumes,  an  oxide  of  lead  is  formed 
111  iirface  of  the  coils  of  metal ;  this  oxide  reacts  upon  the 

•« '  which  rises  in  vapour  from  the  vinegar,  and  a  liasic 

acetate  of  lead  is  thus  nnw^luced.  The  carbonic  anhydride  which 
ift  supplied  from  the  decomposing  hot-l)ed  readily  converts  this 
salt  into  carbonate  of  lead  and  the  normal  acetate ;  whilst  the 
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»6aii  noftum  «C  new1t--fonii^  on^ 
■ie  asefctfe,  vbicli  i»  deeompt]i^»Ware; 
tmm  Mid  reeoaipontions  eoBoe^  10  tlie  twrni 
dtnanirfft  mw-  ockle  of  le«d  preeented  tu  ic, 
xtxtc,  vhSch  i|e<un  t&  decomposed  nader  ^ 
■ahjrdride.     KaUed  lewl  cannot  be  ftdwtti- 
fer  c«0t  lead  in  thia  ^mtee^^  and  the  potet 
as  of  iron  hemg  sofficieoit  to  imjiirt 
» to  die  ppodact. 
OB  donrcB  oxTgcD  finim  ihe  air,kii 
!  he  alfewed  ta  ocime  ^uffici^utW  iot^ 
:  vidb  Ae  eo3&.    xlie  qasatity  of  Tinegwr  vMda  U  nequini 
1  part  irf'pw  acetic  achI  to  100  parts  of  lead  Wg 
Tbe  ewtMOBte  m  tha»  [«rDda<»d  rerr  tkiwh, 
kjBT  ^KMi  the  Rirfikce  of  tLe  oo>il^   It  il> 
vmvs  iw<w»i  iH  eanK  of  fifikstad  oxide  of  lead,  tml  the  pio- 
f  tiua  oC  lki»  «s>d»  ii  Gable  to  vanr.     Mulder  found  s  ep^ciraca 
vUcfc  fe  ^-— ■'^»   to  eottlBui  FbaH,e,  3  PbOe, ;  bot  mon 
«aaiIlT  it  MMbto  «r  FbeH.0, 3  Fbee^    Br  onrom^  the  cfis, 
the  eariiaaale  Iweab  off  in  iake»  of  a  dead-wktte  ooloiir.  ^irny>- 
itg  tfe  kaad  of  while  lead  moft  appro^'ed  by  artistB  and  oaltm- 
mem.    Be(Si*«  it  b  fitted  fcr  their  ase,  ir  b  Objected  to  the  pm- 
«MB  vt  griaJSmi^  «ad  feT^^km.  W  wbich  it  k  rddnoed  tiji  an  uo* 
•r.     AMmarii  liiift  pulverization  is  perfoimed  in> 
fine  naitkfa  of  the  carbuoate  bee<»]ie  dJiFmid 
Are^^  lite  air,  Tendenog  the  operation  reiy  deleteriotts  to  tbe 
wornien. 

Thti  diriDi^tance.  eombuied  with  the  lemfth  of  time  reqdsiie 
tor  iht  iormadoQ  of  the  carbonate,  induced  Tbenard  to  sulMitm? 
for  the  iLiTBetHng  prvtctss  the  diiieet  deoampoeiition  of  a  solatinn  of 
the  h»e*c  aciHaie  oi  lead,  by  means  of  a  carrent  of  carbonic  anhj- 
dride ;  the  carb»>Qate  k  thus  procured  in  a  state  of  extreme  4ii> 
saoQ.  and  «  r«ptiily  *;  e*n  be  desired  ;  it  has,  however,  le^  Of* 
rilT,  .>r  S>«lv,  owini  to  iu  being  deputed  in  exceedinglj  minute 
cTT-talfs.  an^  k  in&tior  as  a  pigment  to  that  procuml  bj  the 
Dutch  nM-thod. 

A  tiur>l  pewcess.  at  one  time  employed  at  BirminffhaiD,  em- 
misled  in  cipwiQg  Uthar?e.  moistenetl  with  a  &i>ltition  w  acetate  of 
lead,  to  a  rarrent  of  impure  carbonic  anhydride,  obtained  from 
the  oi>mbn*tioo  of  c»fce. 

Carl«>nAte  of  lead  h  ^i^ily  decompoeed  by  heat,  mTing  off  car- 
bonic anhydride,  and  leaTiiig  a  residue  of  ppotoxiae  of  lead.  It 
is  in?«^uble  in  water,  nnle**  the  water  be  diara:ed  with  farl>oiiit 
acid  to  a  l*rge  extent,  wbeu  it  k  hlierhtly  s^diible.  It  is  al*ij  s<iln- 
hie  in  moet  of  the  acids  with  effenescenee,  and  is  likewise  tUr 
s«4%-ed  by  solatioQ*  of  pwtiwli  aud  soda.  It  is  "(uickly  blackened 
by  expt^ore  to  salpharetted  hydrogen  Wth  in  the  form  of  g»?Jind 
when  in  solntioa  in  water.  Tiiis  liability  to  blacken  by  the  action 
of  the  gas.  is  possessed  by  iill  tlie  salts  of  lead,  in  common  mlh  tte 
carbonate,  and  is  a  serious  objection  to  the  Tsse  of  the  coiup^WMii 
ofleadlnpigmetrti. 
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Carbonate  of  lead  is  often  fr!Ui<Uilcntly  mixed  with  a  consider- 
ahle  (iiiantitv  of  snlpliate  of  l>ariuni,  wliich  is  imich  cheaper, 
though  its  whiteness  is  less  intense;  a  small  quantity  of  indigo, 
cliareoal,  or  snlphide  of  lead  i»  n»4ually  added  to  white  lead,  in  or- 
der t<i  snlistitnte  a  Iduish  tint  for  tiie  natural  tendency  of  the 
white  toward*  yelluw. 

(^»S)  Chakacters  of  tiie  CoMPorNDS  of  Leap. — The  salts  of 
lead  with  ('olnurlesa  acids  are  eolourless.  Tlie  8oltd)le  ealts,  even 
when  neutral  in  compo&ition,  redden  litmus ;  hut  its  bailie  ealta 
have  an  alkaline  reaction.  They  have  a  sweetish  metallic  taste, 
and  ex«»rt  a  poisonous  action  on  the  system.  In  cafics  of  poison- 
ing by  a  dose  of  the  soluble  sidts  of  lead,  the  best  antidote  is  sul- 
idiate  of  inii;jnefiiuin,  or  of  sodium,  whicli  forms  an  insolnlde  and 
inert  sulpliate  of  lead.  This,  however,  is  of  no  avail  in  the  more 
nsnal  fonns  of  load  poisoning,  in  which  the  metal  is  introduced  in 
minute  quantities,  unintentionally,  in  water,  or  in  articles  of  diet. 

Tlje  l>est  tests  for  lead  are  the  formation  of  a  white  insoluble 
sulphate  when  »>iljihnrii'  a/^hl  or  any  of  the  soluble  a^ilphaif^  are 
added  to  its  solutions  ;  this  precipitate  is  insoluble  in  cyanide  of 
potassium  fin«l  in  acetic  acid,  but  slightly  soluble  in  nitric  acid, 
more  readily  soluble  in  excess  of  hyilrate  of  pot.T-^li,  freely  soluble 
in  acetate  of  ammonium;  a  black  sulphide  with  milpkurt'tieil  hy- 
droiji'v  and  with  (t^ilphifle  of  ammonium,  insoluble  in  excess  of 
the  precipitant  and  in  srdution  of  the  alkalies  ;  a  yellow  chmmate 
with  chromali'  nf  potomvm  ;  and  a  yellow  iodide  with  iodide  of 
potafifiiuin.  IIifiivti''lilofic  arid  and  the  solnlile  chl(>ri«les  give  m 
moderately  dilutcil  solutions  of  lead,  a  white  crystalline  pre<'ipi- 
tate  of  chloride  of  lead,  readily  soluble  in  excess  of  potiu-h.  //y- 
droff-  of  jKitaxh  wives  a  white  preci]>itate  of  the  hydrritiHl  <ixide, 
which  is  redissolved  in   an  excess  of  the  fixed  alkalies,  but  is 

rlv  insoluble   in  ammonia.     Cai^xmate  of  potanitiutu  or   of 

Mm  gives  a  dense  white  precipitate  of  white  lea<l,  which  is 
insolnble  in  excess  of  the  precipitant.  Many  other  insoluble 
white  salts  niiiy  l>e  formed,  as  the  phosphate,  arseniate,  the  fern^ 
cyanide,  and  the  cyanide :  the  latter  is  insoluble  in  excess  of 
(Tvanide  of  i>otassium,  but  soluble  in  diluted  nitric  acid.  All  the 
insoluble  salts  of  lead  are  solublo  in  a  solution  of  caustic  potash. 
Tx?ad  has  a  remarkable  tendency  to  fonn  basic  salts,  but  the 
number  of  it.s  double  salts  is  not  great.  From  the  ins<jlubility 
of  many  of  its  organic  compounds,  it  has  been  much  used  to 
determine  the  comhining  proportion  of  organic  bodies.  It  is, 
however,  more  advantageous  to  employ  the  oxide  of  silver  for 
this  purpose,  because  the  oxide  of  lead  is  to  a  small  extent  volatile. 

Lcail,  like  most  other  metals  of  comparatively  weak  attraction 
for  oxygen,  is  easily  precipitated  from  its  solutions  in  the  metallic 
ptate,  DV  the  metals  more  oxidizable  than  itself:  if,  for  instance,  a 
piece  of  zinc  l»e  suspended  in  a  solution  containing  lead,  crystals 
of  lead  «re  deposited  in  a  beautiful  arborescent  form. 

Before  thf  hhncpipe  on  charcoal  the  salts  of  lead  yield  a  soft 
ito  malleable  bead  of  the  metal,  surrounded  by  a  yellow  ring  of 
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(009)  Ksfimafiov  of  Lead. — Lead  is  generalh'  psti 
form  of  the  sulpbate,  which  contains  0S"31  per  eent,  • 
More  rarely  it  is  detertnincd  from  the  protoxide,  of  which  IM 
parts  correspond  to  92-82  of  lead :   porcelain  onjtnWos  n 
employed    tor   these   experiments,  eiriee  oxide  of  lead  : 
reduced  to  the  metallic  state,  in  which  ca."*e  it  Mr<-i  '' 
alliiy    witli    platinum,  and  wonld  nxin  a  crnciUe   ^ 
this  metal. 

Lead  may  be  eeparated  by  means  of  sulpliuric  acid  fr^m  all 
the  metals,  except  its  insoluble  combinations  with  the 
acid:«.     The  following  is  the  method  to  lie  adoirted  : — If  a  ;.^,.  ..j 
or  an  alloy  of  lead  ib  to  be  analysed,  it  should  be  treated  with 
(concentrated  nitric  aeid  until  it  is  completely  dec<:>!  '    iinil 

thei^  evaporated  nearly  to  drynefy*  with  a  small  exc<»<-  imc 

aciil ;   the  nitric  acid  is  thus  expplle<l,  and  the  met^ib  iin 
\erted  into  sulphates ;  the  mass  is  treateil  with  water,  wiiioh 
solves  out  all  the  metaU  excejit  le;id,  tin,  and  antim(jny  :  qaartz, 
or  ?iUphate  of  barium,  if  present,  would  uK*  l>e  eontained  in  ''''' 
iuroluble  portion.     The  insoluble  residue  is  colleeted  fuwl  ww 

and  then  digested  repeiitedlv  in  a  solution  of  acetate  r.t" n 

of  sp.  gr.  l-Ofio;    alter  which  the  residue  i»  again  v. 

and  weighed:  the  difference  indicates  the  pro|x»rtion  oi  ~\\l 

of  lead  which  is  dissolve<l  out  fmm  the  oxides  of  antinvmr 

tin,  and  from  the  quartz  and  suli)hftte  f>f  Ixiriiim.     T 

be  obtained  from  ita  solution  in  the  acetate  of  amn><> 

addition  of  ^iu!phide  of  ammonium  :  and  the  sulplii<le  of  leafl  tli 

precipitate<l  mav  be  converted  into  sulphate  by  meanis  of  •  niixtu; 

of  nitric  and  sulphuric  acids.     It  ie  evajxirated  down  to  drj'n***, 

ignited,  dried,  and  weighed. 

The  siiltri  of  lead  with  the  metallic  acids  may  be  d»><»iMnj»rt«4^! 
by  fusing  them  with  a  mixture  of  caustic  potash  a*' 
of  potast^ium :  the  metallic  acid  tbrm.^  a  sjdt  with  p<>r 
may  be  dissolved  by  the  addition  of  water,  whilst  a  portion  o» 
the  oxide  of  lead  is  left. 


§  III.  Thaixixtm,  T1=204.  Sp.  &r.  11-81  to  lli)l ;  Funnj- 

point,  5t>l"*. 

(910^  This  metal  was  diseovered  by  Crookes  in  1»A1  <Phll. 
M(ttj.  I V.  xxi.  p.  301),  as  he  was  examiitiiig  tli.  ■---*e- 

tions  of  a  seleniferous  deposit  fro«n  tiie  ?ulphuri'  .\v^ 

tory  of  Tilkerode  in  the  llartz ;  and  in  the  following  vcar  it  wn* 
obtained  more  alHindantly  from  a  similar  source  in  T^-t,''i<" 
Lnmy.  to  whose  paper  {Ann.  d<  ChimU,  III.   Ix\ : 
reader  is  referred  for  details,  and  to  tlK>iM?  of  Crookcfl,  J 
isr,;i.  and  Jonrn.  Ch^^m.  Son.  IStU,  p.  112. 

The   first  indication  of  its  prct^-nce  wa*^  f i  ■ 
oeeurrenne  of  a  single  brilliant  gnt-u  line  ncurb 
on»'  of  the  inconspicuous  lines  nf  the  liarimn  -; 
part  I.  fig.  S2,  Tl  a.)     This  green  eohmr  fiug.u 
name  of  tfcoWium  (from  doxxi;^  a  buddiui^  t^ig}-    i '» ' ' 
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^of  an  induction-coil,  additional  lines  make  their  appearance 
^roce^d.  Roy.  Soe.  1863,  xii.  407). 

Thalliiim  occurs  but  sparingly,  and  has  hitherto  been  prin- 
cipally obtained  from  the  Spiiiiish,  Iielj;i:ui,  mm]  Bolivian  pyrites. 
Its  compounds  have  been  met  with  by  Bnnsen  in  the  mother- 
liquor  of  a  (Spring  from  the  Ilartz,  -.is  well  as  in  some  other 
mineral  waters,  and  pjirtlcularlv  in  that  of  Naiiheim,  in  the 
mother-liquor  of  which  Bottger  tound  it  associatetl  witli  ehlorides 
of  ccesium  and  rubidium. 

i  Pure  thallium  is  a  heavy  diamagnetie  metal,  having  a  stn^ng 
resemblance  to  lead  in  physieal  propertiei*.  though  its  -ipecific 
gravit}'  iiia  little  higher.  The  &pecitie  heat  of  thallium  is  003355, 
Regnault  (or  00325,  Lamy),  hence  the  metal,  as  its  eompounda 
show,  is  of  the  same  class  with  silver,  which  it  in  some  of  it^  reac- 
tions resembles:  like  silver  and  the  metals  of  the  alkalies,  it  is  a 
monad  element.  Its  atomic  volume  is  17'2.  The  fi'et^hly  cut 
surface  of  thallium  has  a  bluish-white  lustre,  resembling  that  of 
zinc,  but  it  quickly  tarnishes  by  exposure  to  the  air,  and  a  thin 
film  of  oxide  is  formed.  It  is  sufficiently  soft  to  take  impressiona 
from  the  nail  ;  it  may  be  hammered  into  foil,  and  pressed  into 
wire,  though  its  tenacity  is  small.  If  rnlilKMl  upon  ])aper  it  leave* 
a  bluish  trace  resembling  that  produced  by  lead,  luit  the  streak 
soon  oxidizes  and  becomes  yellowish.  It  melts  at.  501''  (CVookea; 
554"  Lamy),  oxidizes  rauidly  in  the  air,  aiid  if  lu'uted  to  about 
600"  in  oxygen  it  takes  nre  and  burns  with  an  intense  pure  green 
light.  The  metal  does  not  appear  to  be  sensibly  vidjitile  below  a 
red  heat.  If  heated  with  fhlurine  it  burns  vigornusly  in  the  gas, 
and  it  also  coiivbines  directly  witli  bromine,  with  iodine,  with  sul- 
phur, and  with  phoriplionis.  Nitric  acid  attacks  thiilliiun  with 
greftt  en  erg}' ;  diluted  sulphmic  acid  also  dissolves  it  <iuii.'kly  \\'ith 
evolution  of  liydrngen  ;  but  tJie  a^itioTi  of  liydrocblorif  acid,  even 
when  boiled  u])on  it,  is  but  stow,  owing  to  the  iiiMilubility  of  the 
chloride.  The  tarnished  metal  l)ecomes  bnglit  when  phmged  into 
water,  owing  to  the  s<ilubility  of  the  oxide;  but  the  metal  maybe 
preserved  in  water  unaltered.  Thallium  may  be  easily  alloyed 
with  most  of  the  metals,  and  particularly  with  zinc,  lead,  anti- 
mony, tin,  copper,  silver,  and  platinum. 

The  easiest  mode  of  extracting  tlie  metal  consists  in  treating 
the  thallifcrous  dust  dei>osited  in  the  flues  of  tlie  sulphuric  acid 
works  before  they  enter  the  cliamber,  with  an  espial  weight  of 
boiling  water,  drawing  off  tiie  dear  liquor,  and  treating  the  undie- 
solved  [Kjrtion  again  in  like  manner.  Tlie  clear  liquors  are  next 
mixed  with  a  large  excess  of  strong  hydrochloric  acid,  by  which 
ft  precipitate  of  impure  chloride  of  thallium  is  olitained.  This  is 
then  washed,  pressed,  and  decomposed  by  heating  it  with  an  eoual 
weight  of  concentrated  suljihuric  acid.  Tlie  acid  sulphate  of  thal- 
lium thus  formed  is  dissolved  in  nlMHit  50  parts  of  water,  filtered, 
and  again  precipitated  as  tcdcraldy  pure  chloride  l^y  the  addition 
of  liydrochioric  acid  in  excess.  This  precipitate  is  washed,  pressed, 
an<I  a^in  converted  into  sulphate  by  adding  about  two-tnirds  ot 
'"^weight  of  oil  of  vitriol  and  heating  till  all  the  hydrochloric  acid 
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is  expelled ;  a  douse  liquid  ia  thus  obtained,  which  a^  it  coob  «v 
lidilies  to  a  white  mass  of  aitid  sulphate  of  tliallium.  This  i«i  difr 
solved  in  about  ten  tiuiea  its  wcMght  of  hot  wnt  ''  '  tml 
allowed  to  crystal  I izc.     It  may  be  piiriticd  by  '^n, 

and  if  the  solution  l>e  decomposed  l»y  mettdlic  zii  .uIkI 

taie  battery,  pure  thallium  iw  abuudautly  and  ea^  It 

may  be  melted  in  an  iron  erucil>le  heated  over  a  }ja9  tiaine,  imin- 
taiuiiig  a  current  uf  coal-gas  through  tho  crucible  to  prevent  uti> 
dation. 

(911)  Om'td&s  of  ThalUujn. — ^Thallium  ap^K^u's  to  fi>rm  thtt«j 
oxides — ji  sulxjxide  of  unknown  compositinii ;    an  dxide  corn.*- ] 
H]>oiidiiii^  to  the  prineij)al  oxide  of  Bilver,  Tl,0 ;  and  a  t>U|turi'<r  | 
brown  oxide,  ixtssibly  'il,0,.  formed  at  the  [xmitive  ekvtro<le  dur- 
ing I'leetrolysis  of  the  sulphate  of  thallium  by  a  weak  current. 

The  uioit  important  of  these  is  tiie  oxi<le  Tl,t>,  whieli  h  tvrs 
soluble  in  water,  furnishing  ati  alkaline  caii^tie  solution  wiiipaj 
ab^>rl>a  earbonic  auid  from  the  air.  The  84.)lution  is  culuurluM,  aiul ' 
by  evajmration  In  aicuo  furnishes  gn)Uiw  of  pale-yellow,  hydr«4(;«J 
prismatic  needles,  which   blacken  as  the  evujHjmtion  j>rm!i 
when  heated  t«»  ai>ont  000°  it  becomes  anhydrous,  aTr<l   fn'-f-i ' 
brown  liouid  which  Ijecomes  yellow  on  cooling.     A  i 

oxide  of  tliallium  causes  a  ]>reeipitato  iik  ««.>lutian8  of  - 
uesium,  manganese,  zinc,  lead,  iron,  and  luaiiy  other  mutals,  bat  I 
doca  not  redisjMjlve  the  precipitate  even  if  the  oxide  «.if  thallituiij 
l>e  in  excess. 

Suljtk'uie  qf  thallmm  {T1,S)  may  be  obfvuued  as  a  brit\vi>idi-1 
black  curdy  pii«ipitate,  by  adding  sulphide  of  antmoiiiutu  t<>  the  i 
boluble  salts  of  thallium.     The  precipitate  is  not  sohr  la* 

of  the  alkaline  sulphides.      Aei'tate  and  oxalate  of  a  iu 

neutral  solutions  ai-e  ju'ecipitated  i»vsidpliurette<l  hydrogen. 

t'hUu'ldt  of  tfuiLliiiiJi  (TlCI)  i.s  a  yellowi.Hh-whit*j  ttpiiringlr 
tioluble  eomtMMUid,  le^  soluble  in  hydrochloriuacid  than  in  watir, 
Boaringly  solidjlo  in  ammonia.      l>jimy  als<i  describes  three  other  i 
dilorides,  Tl,(^l,  and  TICl,,  and  one  with  still  moi-e  chlorine,  ix»*- 
sibly  TICU,.  Tho  jfrotifxlid^  and  bromide  are  yellow  aud  ^piuiti^lj  j 
ftoluble, 

Sulj>hatt'  of  tluiJihiin  (Tl.SO.)  is  a  solublo  salt  «  1 

lizes  in  anhydroiw  six-sided  prisms  which  are  easily  fii  

sulphate  of  aluminum  it  furnisliet)  aa  octohetiral  alum.      An  aoidi 
sulpliate  of  thallium  exists. 

The  ftiY?  a/**  (TlXf>,)  crystallizes  in  anlmlmus  prismatic  n«ie<noi  I 
whieh  melt  easily:  they  are  insohiVdo  in  alcohol.  It  is  eaAiijf] 
obtaiuctl  by  dissolving  the  metal  in  nitric  acid. 

The  oiffxnHit*'.  iTl.OO,)   furnislieti  long  flattened   jm 
needles,  wliieh  require  about  2r>  part*  of  cold  water  for  s-- 
It  is  easily  fusible. 

T\w  phosphate  is  apai'ingly  soluble  and  is  fusible. 

(yiiJ)  The  *«/*«  of  thaUiinn.  are  yM)i)5onouii  when  taken  inter-1 
oally.      Till -y  are  nearly  eolourhv^s,  when  \\<r       '      *' 
^^•ikoids:  solutions  of  the  «Hlt«  of  llndlium  are  < 
a  feeble  electric  corrcut,  m  'ii  of  ^U;i»  oi  thuiueUlJ 
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the  iiptrative  electrofle.  Mfinllu:  zinc  also  precipitates  finelv 
divided  iiu'tiillic  thalliuui,  l»ut  tiu  dues  not  reduce  the  inc-tal. 

Xo  pi'<!ci(>irHte  iH  produced  in  solutions  of  tlie  eulphatc  or  ni- 
trate of  tluiUiiun  by  the  ht/rlratrj  tilkid'um ^  the  cjirhoirnks  give  a 
prei^'ipitattMiidv  in  conr.ent rated  solutions.  jSuip/iur<ifltil  hi/drngerk 
gives  but  little  precipitate  in  solutions  of  the  nitrate,  chloride,  or 
eulphatc.  iitdphidc  nf  ammonium  gives  a  brownish-black  preci- 
pitate insolnlile  in  the  sulphides  of  the  alkaline  metals.  Cfilo- 
rules  nw\  bromides  {jive  yellowish-white  sparingly  poluble  precipi- 
tateo;  the  utJuhs  give  a  reddish-vellow  precipitate;  cyowtV*' j>/ 
jx^U/MntJna,  H  white  precipitate  soluble  in  excess  of  the  precipi- 
tant :  r/i/'itmiife  of pika^sium,  a  pale  yellow  precipitate  soluble  in 
diluted  ai-ids,  insoluble  in  aiunionia.  With  jMrrcnlvride  of  pluti- 
nitm  it  forms  a  sparingly  soluble  double  salt. 

(1*12  a)  Indium. — McBsrft.  Reich  and  Richterhave  a.«;certained 
the  existence,  in  a  particular  variety  of  zinc  blende  found  at  Frei- 
,  of  a  substance  which,  when  introduced  into  the  flame  of  a 

lamp  and  viewed  by  the  spectroscope,  discloses  2  bright  lines 
m  the  blue  and  indigo,  not  coincident  with  those  of  any  other 
known  body.  They  have  o|)taine<l  only  a  few  grains  of  tliis  Bub- 
etnnce,  which  furnishes  a  white  malleable  metal,  soluble  with  evo- 
lution of  liydrogen  in  hydrochloric  acid,  and  they  have  given  to 
it  the  name  of  indium.  Its  oxide  is  white  and  eftrthy-Iooking, 
insolnblo  in  solutions  of  ammonia  or  potash,  and  not  pmcipitated 
bv  sulphuretted  hydi'ogen  from  acid  solutions, — {Phil.  Mag., 
March,  1864). 
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GKOCP  Vni. — THE  NOBLE  M&TALS. 


(913)  In  the  gronp  of  metals  with  which  we  conclude,  there 
is  a  less  intimate  natural  relationship  than  in  any  of  the  preceding 
ones.  We  have,  for  instAnee,  in  silver  a  monad  element,  in  mer- 
cury a  dyad,  in  gohl  a  triad,  and  in  platiinirii  a  tctra<l  element; 
whiUt  the  relations  of.  the  remaining  metaJs  have  been  but  in- 
comjtletcly  ascertained. 

It  is,  notwitliKtaiiding,  convenient  for  tlic  present  to  group 
them  together.  The  table  on  the  tollowing  ]>age  shows  in  one 
riew  Bonie  of  the  most  important  constants  hitherto  ascertained 
of  the  metals  enumerated  iu  this  dlvii^iou. 

§  I.  Mehcpky  :  Hg=200,  or  IIg=l()n.  Sp,  Gr.  m  luptid  at  32"  F., 
13"59(i ;  as  vapour,  6'97G  ;  Atomic  and  Mol.  I  nl,  [_[_].* 

(914)  Mekcubt   {hydrargyrum,  from    Wup,  opywpov,  'liquid 
rer/  or  Quivhsilver)  is  one  of  the  metals  which  have  been 

Tlte  mnk-culo  of  tbo  vupoiir  of  merourj  -^utoius  oa\y  1  utom  of  the  metal  Hg 
Ifte  Blue,  citilniluni,  and  other  metallic  djuda. 
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longre!?t  knoT.ni ;  it  is  found  in  but  few  localities,  and  occur  w^ 
frequently  in  the  form  ttf  tbe  eiilpliide  (eiunjibar),  u^uallr  attiini- 
pauied  by  small  quautities  of  tbe  luetiil  in  its  native  state.    Oc- 
casioiially  it  is  raet  with  eambined  *a  an  amalgaiu  with  silTeTjUni 
fiometitnea  in  tbe  foirn  of  ealomel,  and  more  rarely  in  that  4 
iodide.     Generally  speaking,  its  ores  are  fonnd  in  clay-date, or  m 
the  red  »andi^toue  underlying  the  crnal,  and  not  nnfre<^uent}y  amunf 
tlie  cual-ine»*ures  tbeuiselvo.     Tbe  most  prtxluctive  miutss  at 
tluKse  of  Alniftden  in  Spain;  very  extensive  and  valuable  depwtt 
of  cinnabar  have  Iikewis>e  lately  been  found  in  California;  audtlrt 
iniiie^  Mf  Idria,  in  Transylvania,  lia^e  long  been  estenai  vely  irorW 
Ctinsiderabie  quautitie.-^  are  likewit^e  raitjed  in  China  and  Jkpiui, 
and  from  the  mine  of  Huancavelica,  in  Peru. 

Rrtra^t'um. — The  metal  may  be  obtained  from  its  ore  eittef 
by  burning  off  the  sulphur  and  distilliug  the  mereurv, —  aproosa 
wIiilJi  is  applicjible  Iwth  to  cinnabar  amd  to  the  native  metal; or 
bv  lieating  the  cinnabar  with  some  subistanee  capable  of  coin- 
Lining  wini  the  sulphur,  and  fonuing  a  fixed  compound,  ism 
which  the  mercury  is  separated  by  heat.  At  Almatleo',  the  mctsl 
is  extracted  by  the  first  process.  The  ore  employed  yields  about 
10  per  cent,  of  mercury.  Fig.  355  shows  a  section  of  the  fumiice 
made  use  of: — each  furnace  eoutaina  two  erates,  and  on  thelow*r 
one,  rtj  provided  with  a  chimney,  i,  a  fire  of  bruehwood  m  kindled; 
the  upper  gi-ating  is  formed  by  a  brick  arch,  h,  perforated  witli 
numerous  apertures ;  on  this  arch  the  6nl|>hide  rests,  the  pxirer 
pieces  of  ore  being  placed  at  the  bottom.  The  brushwood  quickly 
kindles  the  sulj/hur  hi  the  ore,  which  afterwards  by  its  combustion 
maintains  sutficient  heat  to  continue  the  operation  without  the  'M 
of  any  other  fuel  :  eulphurou.^  anhydride  is  formed,  and  the  libe- 
rated mercury  distik,  and  is  condensed  in  wide  earthen  pipes,  <f,Oi 
connected  with  the  upper  apertni-e,  c,  of  the  furnaces;  these  pi]Wfl 
are  termed  ahujeh.  The  aludels  are  supported  on  a  doubly  ii* 
clinetl  plane  of  masonry ;  at  the  lowest  point  a  perforation  is  ni8(l<^ 
to  allow  of  the  esewpe  of  tlie  mercury  into  a  brick  channel,  (, 
throuojh  which  it  rund  into  a  well ;  the  iurther  end,  f,  of  tbo 
aludets  opens  into  a  condensing  chamber,  in  which  an  additional 
quantity  of  merciirj  is  deposited  in  the  trongh,  ^.'  the  RulphuroM 
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ride  escapes  into  the  air,  tliroiigli  the  chimney,  A,  Couside- 
le  waste  of  metal  is  iucuiTed  during  this  process,  from  the  in- 
iplete  manner  in  which  the  condensation  is  etiected.      Iron 


Fis.  855. 


B8,  however,  cannot  be  snbstituted  for  the  earthen  ones,  as  they 
ome  corroded  rajtidly  by  t!ie  acid  vapours  pr^tdiiced  in  the 
ration. 

At  Idria  the  process  of  the  extraction  is  the  same  in  principle 
t  Ahnaden,  hut  the  ctmdensation  is  eftccted  more  completely 
transmitting  the  mercurial  vajtours  throupli  a  succestf-ion  of 
aibei"9  of  masonry,  instead  nf  thruugh  aludcls. 
Another  plan  whicli  is  practised  in  tlie  Paljititiate  consists  in 
:ing  the  sulphide  with  slaked  lime,  and  conductinfj  the  distil- 
on  in  cast-iron  ftirnaees  and  retorts.  The  nierriny  it.  condensed 
■eceivers  partly  tilled  with  water,  while  sulphidi;  mid  suljilmte 
alcium  remain  behind  in  the  retnrt :  4  K{rS-f  4  GaO=4  Hg  +  ft 
■J-l-GaSO,.  Iron  filiiifi^salHo  dc'iMunpose  cinnabar  wiien  hirated 
b  it,  sulphide  of  iron  bein^  fMiniod  while  niercury  is  liberated. 
>erience  has  shown  that  unless  the  ore  contain  at  least  ^j^  of 
feight  of  tlie  metal,  or  3'8  lb.  per  ton,  it  is  too  poor  to  be 
ITittmeously  worke<l  by  the  methods  at  present  in  use. 
Purijicatirm. — If  the  ore  contain  any  admixture  of  zinc  and 
»uth,  tiinall  pcirtions  of  these  metals  are  liable  to  be  distilled 
'  with  the  mercury.     In  this  case  a  fihn  iVirms  upon  the  sur- 

of  the  tluid  metal  when  it  is  agitated  in  contact  with  air. 

purity  of  the  pr«nluct  is  ei\sily  seen  by  the  absence  of  this 
,  and  by  the  jwi-fect  mobility  and  siihericity  of  the  elobtdes, 
tjh  do  not  wet  the  surface  of  non-metallic  objects.  Violette 
8  that  the  distillation  of  mercury  on  the  large  scale  is  much 
litated  by  transmitting  a  current  of  su]»crhpated  steam  at 
Qt  700°  through  the  retort  in  which  tlie  dtstiliatitin  is  bt-ing 
eted.     A  small  quantity  of  niercury  may  be  speedily  purified 

Elng  it  in  a  bottle,  with  a  little  tiiiely-powdered  loat-sugar; 
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capacity  of  the  bottle:  the  bottle  ia  then  r' 
tateil  for  a  few  minutes:  after  whicli  thf 
and  fresh  air  is  blown  into  the  buttle  with  u  y 
the  agitation  is  repeated  :  this  ia  done  three  or  i   ^ 
mercury  is  then  poured  into  a  cone  of  8m<x>th  writii 
apex  ot'  which  a  pin-hole  is  made;  the  metal  rune  mu-.i 
leaved  the  powdered  nngar  mixed  with  the  oxide*  of  tho 
metals,  mul  ii  <jonsI<leridile  quantity  of  Huely  di    '  '    '  i 

(xeneraily  speaking,  the  mercury  imported  '■  i 

almiHst  chemically  pure.    Any  foreijjn  n 
in  it  may  be  removed  liy  dijijestiiiijj  it 
nitric  acid  iu  the  cold :  the  mercury  should  bo  placed  in  u 
dirih,  so  Uij  to  ex]>ose  a  large  surface  to  the  acid,  aod  it  nhoi 
frequently  agitated ;  the  acid  exert*  hut  little  action  on  t'i 
cury  8o  long  as  any  more  oxidizable  metnlii  are  present.     Ai 
tiou  of  nitrate  of  menniry  may  be  substitutwl  lor  tbn  nitric 
with  advantage  ;  iu  tliis  cane  the  mercury  is  de]"  » 

lution  and  takes  the  place  of  the  other  metaln,  m 

(JH5j  Pf'onci'tieit. — Mercury  jiosse^scs  a  lustre  i' 
of  polished  »dver.     It  ia  the  only  metal  that  \»  tiii;  .   .. 
temperiitnres.     It  freezes  at  — 89°  F.,  and  contracts  conal 
at  tJju  moment  of  congelation,  when  it  crystallizc«  in  <*• 
of  ep,  gr.  al)oiU  14 :  in  tlxis  state  it  is  malleable.     VV'Uen  b 
662°  it  boilrf.  and  forms  an  iiiviHible,  transparent  vapour, 
pr.  0'9T*J.     The  metal,  at  all  temi>erfituri's  aluivc  +'*  .  Mn< 
slight  spontaneous  evaporation.     J:  gravity 

"WliL'u  pure,  it  is  not  taiNiished  by  >    ^        '   to  air  »<  r 

ordinary  temperatures,  but  if  healed  to  about  7'hj-  or  SiJ*** 
absorbs  oxygen,  and  is  gradually  conveited  into  the  re<l  o|i 
Mercury  enters  into  oombination  with  chlorine,  bromine,  and  wi 
many  of  the  metals  at  oitlinary  tompcratnrea.     It  uUo  nui 
sulphur  and  with  iodhie  witliout  the  aidof  heat,  if  triturat 
them.     Hydrochloric  acid  irt  without  acti<iii  up" 
when  cold  or  hot.     Hydriodic  acid  and i^ulpluH' 
decompose<l  slowly  b}*  it,  with  evolution  of  hy<lrogeu.     Cooce 
trated  sulphuric  acid  in  the  cold  produces  no  chaii"-i-   but 
heated  with  it  is  decomposed ;  sulphurous  anhydride  ' 
while  the  mercury  is  oxidized,  and  forms  a  sulpliat.-  ir 
with  a  portion  of  undecomposed  iicid.     Strong  nitric  aoid  dii 
it  with  rapidity,  extricating  nitric  oxide  inabim  '  *    I 

••uric  nitrate  is  formed,     ii  the  acid  b<f  dilutv,  t, 

excess,  the  mercury  in  dissolved  slowly,  and  at  ur.ii  .j 

tures  merciirous  nitrate  is  the  result.      Mercury  n\:\  -aw 

iTi  a  state  of  extreme  division,  by  preci  pi  tailing  a  stolution  of  «i 
rosive  sublimate,  by  means  of  the  solution  of  stanti""-  .'.'.ir-* 
the  chloride  of  tin,  if  added  in  sutticient  quantity,  !> 
chlorine,  and  a  grey  metallic   powder  Bubsithjs ;  iii^t  i   t- 
=H-fgSnCl,. 

^*f.w. — ^lereury  is  errq)loyed  r  ' 

gold  and  silver  from  their  oren.  In  t 

gixat  (\viauUti(H  arc  annually  -  i-ric»  iur  tiitf 
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Its  amalgams  are  largely  employed  in  the  processes  «if 
jtlvciirij;  and  gildiiiic.  Mercury  al«io  combine  readily  with  lead, 
ooppt'i",  Iji&iiiuth,  tin,  and  zinc,  fonning  amalgams  which  are  easily 
di*<ilvtil  by  an  excess  of  mercury.  Joule  succeeded  in  many 
oa«e^  ui  obtaining  definite  ooiopoiindd  of  various  nietuls  with 
mercnry,  by  subjecting  their  seuii-solid  amalgams  to  hydraulic 
prw^iiiv.  amounting  to  the  enormous  extent  of  ()0  tons  upon  the 
bqtiart'  inch;  with  platinum  1  atom  was  united  with  two  atoms  of 
mercury.  With  silver,  with  copper,  aiul  with  iron,  the  amalgams 
coutained  1  atom  of  each  metal ;  with  zinc  and  with  lead  the 
wualgani  in  each  case  contained  1  atom  of  mercury  witli  2  atoms 
of  tlif  other  metals,  while  the  amalagam  of  tin  was  represented 
by  the  formula  Sn,Hg. 

Mercury  is  also  used  in  tlie  preparation  of  vermilion,  which 
18  highly  valued  as  a  pigment,  for  the  purity  and  permunciioe  of 
its  tiut.  It  is  indispensable  in  the  coiistruction  of  philosophical 
histi'uiucnts ;  and  it  is  well  known  in  various  forms  as  a  valuable 
mediciue.  It  exerts  a  powerful  action  upon  the  aninui!  economy, 
producing  salivation,  and  seriously  impairing  the  healtli  of  the 
■workiiieii  exposed  to  its  vapours,  giving  rise  to  a  renuirkaltle 
inralous  state,  known  as  mercurUil  jxihy,  eonge(pient  upon  a 
mliur  form  of  nervous  debility.  By  trituration  with  saccharine 
or  olesfrinous  substances,  it  adujits  of  l)eing  minutely  subdivided, 
unci  u  small  portion  of  it  becomes  oxidized,  to  which  the  active 
properties  of  blue-pill  a]>pcar  to  be  owing;  the  same  remark 
upplies  to  the  mercurial  ointment,  and  the  jndvw  hydran/ijri 
cum  ci'rtd. 

(91fi)  Oxides  of  JlKKcrnY. — Mercury  forms  two  oxides,  the 
hlack  suboxide,  Hg,0,  and  the  red  oxide,  HgO :  both  of  them  furra 
Ealt*  and  acids. 

Sijlj)>3^l(le  of  nien'ury :  Merourirm  (wide  (fig,0  =  416,  or 
Hg,O=208);  Sp.  Or.  10-68:  Comp.  in  100  «rt4'//r,  Hg,  96-15; 
©.  3s,'), — Xbi^  oxide,  though  a  powerful  saline  base,  is  very 
unsialile  when  isfdated.  It  is  best  procured  by  triturating  finely 
jt^^TjCHled  calomel  with  a  solution  of  potash  or  of  soda,  and  wash- 
"¥  dn>  black  precipitate  thus  ohtaiiicil  with  cold  water.  It  niust 
wallowed  to  dry  sjiontaneously  in  a  dark  place  ;  the  oxide  thus 
ulitaiiied  is  anhydrous  ;  oven  when  dry,  mere  exposure  to  light, 
or  H  very  gentle  heat,  is  sufficient  to  convert  it  into  a  mixture  of 
red  nxid'e  and  the  metal. 

("17)  Nitric  ojciile,  Mercvric  oxide,  or  ^ed  oxide  of  mermiry 
jSge=210,  or  ngO=10S);  Sp.Gr.  11-29;  Comp.  in  100 parts, 
%,  !)2'o9;  O,  7-41. — This  oxide  may  be  obtained  in  red  scales 
".^' heating  metallic  mercury  to  T<>0°  or  800°  in  a  matrass:  but  this 
P^Kiess  is  very  slow,  and  not  productive  :  it  is  more  conveniently 
prepdit.,]  by  the  decompipsition  of  the  nitrate  by  heat,  and  it  then 
^'>^  a  liright  scarlet  colour.  It  may  also  lie  thrown  down  in  tlie 
J«ri«  of  a  yellow  powder,  wlien  poti\.<h  or  soda  is  added  to  a  solu- 
"ou  yf  corrosive  subbraatc,  or  of  nu'rcuric  nitrate.  The  precipi- 
jfted  oxide  does  n<jt  dili'er  in  com]>ositiun  from  the  red  crystalll/cd 
'•JiTii,  but  it  entei-s  more  readily  into  cond»iuatton  ;  a  coldsolutiou 
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of  oxalic  acid  is  without  action  on  thr-  ^.i  v-.:.iL:^ 

convert*  the  preciiiitated  oxide  into  ox:il;it«  :   (Ti-i  • 

when  boiled  with  a  solutiim  uf  corrosive  sn 

verted  into  the  uxychloride  ;  but  Uiia  (.■haii;^ 

crystallized  variety.    The  yellow  oxide,  when  boileei  with  aol 

chroraate  of  potassium,  yields  a  basic  mercuric  chromatc^ : 

2  HgO;  but  the  crystallized  oxide  when  e^iiniltirly  ti-eated 
basic  salt,  with  a  larijer  excess  of  ba>ie.  Hor6r0.,  3  t'    '•  '    'TJI 
In  short,  the  crystallized  oxide  obtained  by  the  d. 
of  mercury,  and  the  precipitated  oxide  appear  to  be  in  Uiffci 
allotropic  conditions. 

The  red  oxide  when  heated  becomes  nearly  black,  li 

\t&  colour  on  cooling;  when  exposed  to  a  teuipcruture  cl  ._ -; 

it  is  decomposed  into  met«llic  mercury  and  oxygen  gHsToi 
to  the  volatility  of  the  metal,  this  oxiae  may  eonietiiiied  be 
fully  employed  ii8  an  oxi<li7.ing  agent  in  some  analytical  ojjc 
tions.     Ihis  oxido  is  slightly  6olul)le  in  water;  th  ~^ 

an  acrid  titste,  aiul  turns  syrup  of  viulets  green.      1 
baryta  a  soluble  compound.     With  ajnnionia  it  p 

lowish-white  insoluble  compound  (Hg,II,NO,)  posr.. :    .    irvq 

basic  powers ;  it  enters  into  combinatioa  with  acidfi,  and  fi* 
well-defined  salt*. 

(lUS)  Mfrcuramine. — The  best  method  of  pref)aring  thi« 
markabie  base  consists  in  pouring  a  pure  solution  uf  ftmi 
upon  yellow  preci|)itated   oxi«le   of  inercury  in  a  iMjttle  wil 
Bumits  of  being  closed,  to  prevent  the  access  of  carlo »nic  h<;j^ 
the  air;    the  colour  of  the  oxide  Iieeomes  paler,  and  event 
yellowish-white    amorphous   powder   is   obtained,  which, 
washed  and  dried  in  a  dark  place  over  quicklime,  funnx  n  In 
of  the  new  base,  containing  (Hg.II,N,0„  3  11,0,  or  llgj 

3  HO).    This  compound  was  discovered  bv  Fourcroy        '  ""' 
but  it  was  Jirst  minutely  examined  by  Milfon  {Ann.  <i 
xviii.  3t»3).     In  its  isolated  condition  it  is  very  m 
ex|>osure   to   the  light  decomposes   it.     When    tri 
mortar,  it  produces  a  series  of  small  detonations.     It  dt 
voA^uo  over  sulphuric  acid,  it  U>6es  2  11,0;  and  betwi.ii  -''\< 
266",  a  third  atom  of  water  is  ex])elled :  it  then 
brown,  and  is  ]»ennanent  in  the  air,  containing  (>«:;,ij..VJ 
Chemists  ai'c  not  agreed  as  to  the  ])robablr  unangement  of 
elements  in  this  base.     It  resembles  some  of  the  <'obalt  l»a««  inl 
the  conijKisition  of  which  the  elements  of  aninioiiia  cnfvr. 
may  provisionally  be  descrii)e«l  nndcr  flic  n 
contains  the  elements  of  hvdrated  oxide  of  / 

(Hg -.N.o,  5  n.o).       '  ■      " 

\f.r.-.it-,i.i:.i..  ?^  a    t«av.>i-fiil  busc ;    its  hydrate  'I^-tt 
S  II  '  Iride  fr«>m  tlie  air  aJi> 

"  "||   water  n    '   ' 

■l'  umrni'' 


«iI\uum«  «&  itiyvin. 
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be  Lydrate  of  the  base  is  precipitated.  The  formula  of  the  sul- 
phate is  (Hff,H,N,e,)  Se, ;  that  of  the  chloride  (Hg.H.N.O.)  CI, ; 
he  latter  salt  may  be  obtained  as  a  yellow  precipitate,  by  adding 
.  solution  of  corrosive  sublimate  to  a  solution  of  ammonia  in 
iXcesB,  and  washing  the  precipitate  with  boiling  water  (924). 

(919)  Sulphides  of  Meboukt. — The  two  sulphides  of  mer- 
unr,  Hg,S  and  HgS,  correspond  in  composition  to  the  oxides 
ma  chlorides  of  the  metal. 

Subavlphide  of  Mercury  (Hg,S=432,  or  Hg,S  =  216)  ia 
WKcely  more  staole  than  tne  suboxide  of  the  metal ;  it  is  pro- 
snred  by  transmitting  a  current  of  sulphuretted  hydrogen  through 
k  Bolntion  of  a  mercurous  salt,  or  by  triturating  16  parts  of 
oaoistened  sulphur  with  200  of  mercury ;  it  forms  a  black  powder, 
iriiich  was  formerly  termed  Ethiop's  mineral.  It  is  decomposed 
by  nitric  acid;  and  if  the  dry  smphide  be  sublimed,  it  is  con- 
Wted  into  cinnabar  and  metallic  mercury. 

(920^  Sulphide  of  Mercury^  or  Cinnabar  (HgS= 232,  or  HgS = 
116):  /»>.  Gr.  of  vapour,  5*51 ;  of  solid,  8-2 ;  Mol.  vol.  \  ill;* 
Cmp.  %n  100  parts,  Hg,  86*21 ;  0, 13-79,— This  compound  con- 
stitates  the  most  abundant  ore  of  mercury.  It  occurs  sometimes 
dystallized  in  hexahedral  prisms,  but  more  usually  as  a  fibrous 
or  amorphous  mass,  and  is  a  product  of  considerable  importance 
in  the  arts,  forming  the  pigment  known  under  the  name  of 
vermUion.  Some  portions  of  the  native  cinnabar  are  of  a  suffi- 
iriently  delicate  colour  to  be  employed  after  mere  levigation  ;  but 
it  is  usually  prepared  artificially.  In  Holland,  this  manufacture 
IB  earned  on  to  a  considerable  extent.  The  process  adopted  con- 
rats  in  triturating  sulphur  with  about  6  times  its  weight  of  mer- 
coiy,  aiding  the  action  by  a  gentle  heat.  The  black  mass  thus 
procured  is  thrown  (in  successive  portions,  to  prevent  too  rapid 
•n  action)  into  tall  earthen  pots,  the  lower  parts  of  which  have 
I'een  jpre^pusly  brought  to  a  red  heat ;  the  aperture  at  top  is 
closei  with  an  iron  plate,  and  in  about  32  hours  after  the  intro- 
duction of  the  whole  charge,  the  sublimation  is  complete :  when 
<»l(i,  the  pots  are  broken,  and  the  cinnabar,  which  is  found  depo- 
Bited  in  layers  upon  the  upper  part,  is  carefully  removed ;  the 
cinnabar  is  levigated  with  water,  and  the  fine  powder  thus  ob- 
tained is  sold  as  vermilion ;  an  excess  of  sulphur  is  to  be  avoided, 
j^  it  impairs  the  brilliancy  of  the  colour.  Cinnabar  sublimes 
wfore  undergoing  fusion,  and  forms  a  yellowish-brown  vapour. 
/  ermilion  may  also  be  procured  in  the  wet  way,  but  the  process 
'8  tedious,  and  less  certain.  The  Chinese  vermilion  is  6upi)08ed 
oy  some  chemists  to  be  prepared  by  the  hiunid  process.  In 
order  to  produce  vermilion  by  this  means,  Firmenich  recommends 

*  The  Tapoor  volume  of  this  oompoand  is  anomalous,  the  three  volumes  of 
npoor  haTing  been  united  without  condensation,  instead  of  being,  as  usual,  reduced 
w  two  Tolomes — 

8p.  Or. 
Bg  2  vols.  or  0-67         4-612 

ft  iToL  0-33        0-737 


i  vols.  1-00        6-349 


the  merettrr  to  be  subjected  to  the  action  of  pun?  pentasnlphi^ 
of  pQt]»simn  in  the  following  matmer  ;^10  parts  of  iDerTTirv  vt 
to  oe  a^itnted  for  3  or  4  hottrs,  witli  2  parts  of  snlphur  iin<]  44 
of  *  satTinUed  BoIntioQ  of  pentaeulphide  of  p<itassiQm ;  at  ik-eni 
i<f  wfairh  time  the  mixture  becomes  of  &  dark  Ijrowa  eokntr.  It 
iit  ifia>intitined  for  3  or  4  days  at  a  teniperature  of  from  US'  tn 
li*^^.  with  occasional  as^tation  ;  it  is  next  dniined  upon  a  lilig, 
aitd  afterwards  digested  with  caustic  sttda  to  remove  the  fM-fr*ii 
sulpbtir;  it  ie  that  obtained  of  &  bright  f^ruHet,  and  nimi  thmltf 
thoroncrhly  washed  with  cold  water  and  dried.  {Chem.  Xm, 
May,  i&63,  p.  247.) 

Salphlde  of  mercnry  ii  thrown  down  az^  a  black  precipitatt  W 
tranjsmitting  sulphuretted   hydrogen  thnjagh   solutionB  of  tbt 
niercaric  salts ;  when  dried  and  sublimed  in  vessels  from  uhiii 
air  i»  excluded,  it  assomea  its  ordinary  red  colour,     Wbcii  Iii>ated 
in  the  open  air,  the  snlphur  bnms  off,  and  metallic  niereuiyii 
liberatea.     It  ia  upon  tfiift  circumfitance  that  the  ordinarr  method 
of  extracting  the  metal  is  fonnded.     The  pure  ac-ide  are  nearlr 
without  action  uiKin  cinnabar,  Ijiit  it  i*  oxidixe-d  and  ilis"l™ 
bv  aqaa  re^ia.     The  alkalies^  in  solution  do  not  dccompo^  it,  bat 
ii  ^[nited  with  it  Id  the  dry  etate,  a  galphat«  and  sulphide  of  tbt 
alkaline   metal    are    formed,   and    metallic   mercnrr  giiljlina; 
4  tti.'S  +  S  KHe=4 Hg+ K,S0. + 3  K,S +4  H,e.    It  is  aW  «i«. 
oomposed  if  heated  with  metals  which,  like  iron,  zinc,  ami  tiippef, 
have  a  powerful  attraction  for  sulphur.     Sulphide  of  luenurf 
po^e^ee  the  property  of  uniting  with  other  metallic  sulphide, 
and  is  slowly  soluble  in  a  solution  of  sulphide  of  potasaiuit;il 
also  combines  with  the  nitrate,  the  chloride,  the  iodide,  and  sunt 
other  mercuric   salts,  forming  peculiar  compounds,  which  «* 

Sroiluced  by  the  action  of  a  amall  proportion  of  enlphuretted  h- 
rogen  upon  the  solntiong  of  these  salta,  and  cause  the  first  fx- 
tioti-f  of  the  precipitate  occasioned  in  them  by  the  g&s  to  asswn* 
a  white  colour, 

0.»2Ii  Chlosides  op  Mekccsst. — Mercury  fonns  two  chlff- 
ridea,  one  ut  which,  RgCl,  is  well  kno"ftTi  a*  calomel,  the  otlief, 
^fCl,.  h  commonly  distinguished  aa  corroaive  enblimate. 

Jifftvnriflti^  ahhtruie,  or  Oilotn^l  (BgCi,  or Suhchforiiif  qfmer^ 
rurv,   HgjCl=23.'t-5'i ;  Sp.  Gr.  of  vapoitr,  835;  of  so/id  T'lI'J 
Jlifi,  iW.  ~n:  t^«'fly>.  in  ion  p>{rU,  Kg.  84-92 ;  CI,  loOS  *— Tim 


compound  may  V»e  ohtaitied  by  precipitating  a  aolution  of  mer 
cmvus  nitrate,  hy  one  ni'  common  salt  ;  but  it  is  more  iisuaUj 
procured  by  sulilimation  :  13  parts  of  mercury  are  trituratetlvitl 
ITof  cornjitsivc  subliinfite,  until  no  metallic  globules  are  visible 
the  chloride  having  been  previously  moistened  with  water  o 
alcohol,  to  prevent  the  acrid  particles  from  being  diffused  tli;r<'iiirl 
the  air ;  the  mi-xture  is  then  sublimed  in  suitable  ve^Sijiels,  and  th* 
calomel  is  deposited  as  a  semi-transparent  fil»rou3  cake.  In  thit 
operation  the  additional  mercury  cttiribiues  with"  half  the  ehlnnni 

*  It  is  po$sib](>  thaX  tho  roraolA  of  calomel,  mad  of  mcrcurotia  braraid«  uiil  indi'JA 
shoolii  be  doubted ;  but  la  that  ^ne.,  their  vupour  vc^Qjue  ^rould  be  oaonuktcmii,  an' 
wtmtd  represent  4  vtAvuaes  'inatj^iA.  taf  'I  TotaBMss. 
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of  tlir-  cliloriile :  HgCl,-l-HfT=2  HirCl.  Sonietimcw  the  vapours  oro 
Bent  into  a  capacious  chamber ;  tlie  deposit  then  assumes  tlie  tbrin 
of  a  fine  powder.  The  salt  may  ali^o  be  obtained  ]>y  tlie  decom- 
])«>&ition  ol  nu-rcuric  snljdiato  Mnth  chloride  of  sodium.  For  this 
imqwise  2  lb.  of  mercury  may  be  converted  into  sulphate  by  boil- 
tin^  it  to  dryness  with  3  lb.  of  sulphuric  acid ;  the  residue  is  then  to 
be  intimately  mixed  with  2  lb.  more  of  mercury,  and  subsequently 
triturated  with  1^  lb.  of  chloride  of  widiura,  aiter  wliich  it  is  to  be 
sublimed.  The  mercuric  &uli)hate  which  is  tii-st  obtained  is  con- 
verted into  mercurous  sulphate  by  the  addition  of  the  second  por- 
tion of  mercury,  and  thi»  in  its  turn  is  deeonipoRed  into  calomel 
and  sulphate  ot  sodium  when  heated  with  chloride  of  sodium : — 

Hg"Se,  +  Hc.=Hg',SO.;  and 
Hg',Se.  +  2  NaCl= Xa.se, -f  2  Hg'Cl. 

Calomel  may  also  be  prepared  by  forming  a  saturated  solution 
of  coiTosive  snblimate  in  water  at  120°,  and  tranemitting  sul- 
phurouj.  anhydride  into  the  hot  liquid  ;  calomel  is  then  precipi- 
tat«d  in  minute  crystals,  whilst  eulphuric  and  hydrochloric  acids 
are  liberated  ;  2  rfgCl,  +  2  11,0-1- Se,=2  figCl  +  2  nCl-|-H,Se,. 

Whi'ii  prejiarcd  by  sublimation  calomel  requires  careful 
wnsliiiic;  and  levigation,  because  portions  of  the  undecomposed 
liichloride  always  sublime  with  the  calomel,  and  they  can  only 
luf  removed  by  repeated  washing.  It  was  formerly  supposed 
,  that  the  medicinal  character  of  calomel  was  rendered  milder  by  rei- 
peated  sublimations.  This,  however,  has  been  found  to  be  a  serioug 
mistake,  for  everj'  time  that  calomel  is  sublimed,  a  small  portion 
of  it  is  reconverted  into  corrosive  sublimate  and  metallic  mercury. 

ProjK-rties. — Calomel  sublimes  in  quadrilateral  prisms  termi- 
nated by  four-sided  pyi-amids  ;  when  powdered  it  is  of  a  yellow- 
wh-white  <'olour.  It  begins  to  sublime  below  redness,  and  before 
nnderpiing  fu^^ion.  Calomel  is  tasteless  and  insoluble  in  water ; 
the  alkalies  decompose  it.  Hydrates  of  soda  and  pota.sh  decom- 
poec  it,  whilst  mercnrous  oxide  is  fonned.  Lime-water  has  a 
wmilar  effect,  and  when  mixed  with  a  small  pri»]>oi-tion  of  calo- 
mel it  furnishes  what  is  known  as  hluck  vmm.  Solution  of 
ammonia  forms  with  calomel  a  black  compound,  consisting  of 
Hir',Il,NCI :  this  chanso  is  explained  in  the  sub^oiued  equation; 
2  figCl  -I-  2  H,X  =  Hg,n,NCl -I- II.XCL  This  black  coiu])oimd  may 
bt'  reirarded  as  chloride  of  ammonium  in  which  two  atoms  of  mer- 
enry  nave  taken  the  place  of  t^^•o  atoms  of  hydrogen.  Aiiimouia- 
cal  gas  is  absorbed  by  precipitated  calomel  at  ordinary  tempom- 
turcB,  and  a  compound  containing  (HgH.NCl)  is  formed,  or 
(dib'ride  of  ammonium  in  which  one  of  the  atoms  of  hydrogen 
h4M  been  displaced  by  mercnry.  Sulphuric  acid  is  without  action 
on  culoniel  ;  Itoiliug  nitric  atud  dissolves  it,  and  forms  corrosive 
e^ublimate  and  mercuric  nitrate ;  a  solution  of  chlorine  converts 
it  bh>wly  into  corrt>sive  sublimate  ;  if  boiled  for  a  htiig  time  with 
liviirochlrtric  acid  Dr  i^hloride  of  si>dium,  it  is  rc-solveil  into  corro 
uve  isublimate  and  metallic  mercury:  the  sanieetlect  is  pnwluced, 
tlittt  roorc  rapidly,  b^-  boiling  it  ia  a  solution  of  sal  anuuotiiac. 
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in'22^  l}i<'hh>rid»'  of  rtwreury  ,'1' 

Mol.  vol.  VX~\ ■  *>'■  (H^-'l  =  135-5) ;  Cnmp.  in  Itnty*. 
CI,  2B"2,— Wlion  heated  niercurv  i*  plaoed  iu  an  it'.-. 
chlorine  it  ignites  from  the  rapid  unimi  of  tlic  eras  with  thei 
and  the  chloride  is  formed.     It  ia  prepared  on  the  large 
mixing  intimately  2J  parts  of  mercuric  sulphate  with  1  pan 
common  salt,  and  &uhlimiiig  the  mixtnne  in      '  at 

carefully  rcfriilated  heat:    sulphate  of  sodiuin 
veflpel,  and  the  bichloride  snl>hmes,  as  representeU   \\\  iLe  e<ji»- 
tion;  Ht,«e.+  2NaCl  =  NH,Se.  +  Hj^'l,.     The  fames  are 
tremely  acrid  and  poisonoufl. 

Promrtm. — Corrosive  6\jblimate  fuses  at  •^<'*'^'  "tI  boOi 
663°  ;  Its  vapours  are  condensed  in  snow-white  <  o  tie 

or  In  octoheara  with  a  rectangular  baae.     As  smti  m  mesfc 
occurs  iu  truTisparent  colourless  masses,  which   have  a  ct 
fracture.     It  has  an  acrid  burning  taste,  and  <1' 
flavour.     It  is  solulde  in  Ifi  parts  of  cold  watci 
3  of  boiling  water ;  on  cooling  it  is  deposited  from  a  coDcentraled 
solution  in  transparent  auliytrrous  quadrihitcral  prisms.     Itaj 
tion  reddens  litmus;  tliis  aqueons  solution,  by  long  expin 
light,  is  gradually  decomposed,  and  calomel  ie  deposited, 
hoi  when  cold  dissolves  nearly  one-third  of  its  M-eight  of  thei 
and  its  own  weight  when  boiling;  ether  also  dis.-"'        '    h 
If  an  aqueons  solution  of  corrosWe  sublimnte  be 
ether,  almost  the  whole  of  the  salt  will  be  aljstracted  bv  it| 
the  wat<?r,  and  the  ethereal  solution  will  rise  to  the  stirfa 
is  very  soluble  in  solutions  of  the  alkaline  chlorides,  with  trWd 
it  enters  into  combination,  fonniuij  double  salts.     With  cli 
of  potassium  it  forms  three  distinct    crystal  I  izable   romi 
KCl,  2  HgCI„2  H,e ;  KCI,fi^Cl,.ir,e ;  and  2  KCl.HgT 
They  are  easily  prepared  by  aiss<>lving  the  salts  in  t(m 
proportions,  and  allowing  them  to  crystallize.     Wit' 
sodium  only  one  such  comjwund  is  formed,  2  (NaCl.  i 
A  salt  with  chloride  of  ammonium  (rtIT,XCI.HgCi,  ,  Ii,< 
long  been  known  as  sal  cUembroth :  it  crj-stallizes  in 
rhoinboidal  tables. 

Similar  compounds  having  a  composition  analomius  1 
the  sodium  salt  may  be  formed  with  most  of  the  8<ilublc 
Chlorides  of  calcium  and  magrie,sium  form  more  than 
pound.     An  analogous  Init  anhydrous  salt,  IICl,Hgf' 1,. 
by  dissolving  corrosive  suliiiunite  in  hot  hydrocldc 
which  it  crystallizes  on  cooling;  it  is,  however,  d' 
water. 

Bichloride  of  mercury  combinee  with  the  sulphi 
witli   it  a  white  insoluble    gelatinous   compound. 
2  HgS,HgC1, :  it  ia  the  white  pre<-ipitate  whidi 
at  first,  on  passing  a  current  of  sulphuretted  h  . 
solution  of  corrosive  sublimate. 

Corro?i%-e  sublimate  is  decomposed  by  the  hydrates  of 
fixed  aVktiViti^  and  alkaline  earths,  h  ehloriiic  uf  tJie  alkidiDc  nil 
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«T\f{  Tncrcnric  oxide  Iteitiff  formed.  Wlien  ammonia  is  added  to  a 
solution  of  corrosive  suhlimate,  it  separates  only  half  the  eldo- 
rine,  uniting  with  the  remainder  to  form  the  componnd  called 
white  precipitate  (924).  Bichloride  of  meretiry  acts  ix>werfully 
on  the  Hllmniinons  tissues,  and  combines  with  them ;  it  is  a  ^^o- 
lent  and  acrid  poison.  The  best  antidote  in  eases  of  poisoning 
with  this  subs-tanco  ia  tlie  immediattf  exhibition  of  the  whit<?  sot 
several  raw  epgs.  a<  it  eon^ilates  the  albumen,  and  forms  with  it 
a  sparing!}*  Soluble  compound.  It  was  supposed  that  the  bichlo- 
ride was  cfuiveiicd  into  calomel,  but  this  does  not  apjwar  to  be 
tlio  iriLse.  Owing  to  this  action  of  the  bichloride  upon  albumen, 
o«»rrosive  sublimate  i«  a  powerful  antiseptic ;  a  solution  of  this 
salt  is  hence  often  emplovcd  to  preserve  anatomical  preparations: 
wood,  c(^rdajjc,  and  canvas,  if  soaked  in  a  solution  of  the  salt 
containint^  I  jiart  of  it  in  00  or  80  parts  of  water,  become  much 
less  liable  to  decay  when  exposed  to  the  combined  action  of  air 
and  moisture. 

{923)  (fxif chlorides. — Corrosive  sublimate  comliines  with  mer- 
curic oxide  in  several  proportions ;  these  compounds  are  decom- 
po««.Mi  by  the  alkalis.  One  of  these  is  obtained  in  the  form  of 
dark  bi-own  insoluble  tlakes  (3  HgO.SffCl,),  when  the  chlomde  is 
boilecl  with  red  oxide  nf  mercury.  Another,  2  HgO.ffgCl,,  is 
obtaine<l  in  blackish  scales  by  actinpr  with  a  solution  of  chlorine 
on  fed  oxide  of  mercury  (Thaulow).  The  oxychlorides  of  mercury 
are  interesting,  fi'om  the  observations  of  Milloii  upon  them,  whict 
seem  to  prove  the  pei-sistence  of  the  allotropic  motlitication  in  a 
body  at>er  it  has  entered  into  eomliinuticm.  {Ann.  de  Chmie, 
Ill.'xviii.  333.) 

The  three  oxychlorides  described  by  ifillon  consist  of  (2  HgO, 
H^CI,),  (3  HgO;HgCl,),  and.  (4Hge;HgC:i,).  They  may  all  be 
produced  by  the  action  of  carbonate  of  potassium  upon  a  solution 
of  <'orrosive  suV>limiite.  The  first  may  be  obtained  in  three  difler- 
ent  isomeric  conditions,  the  second  in  two,  and  the  third  in  tliree. 
The  action  of  the  carbonates  of  the  alkali-metals  upon  s<ilutions  of 
corrosive  sublimate  is  peculiar.  The  addition  of  a  solution  of  sub- 
limate to  a  solution  of  pure  normal  carbonate  of  sodium  or  potas- 
Bjum  is  attended  with  the  precipitation  of  yellow  oxide  of  mercury. 
If  the  mercurial  solution  be  adaed  to  a  solutii  in  of  wn  alkaline  aold- 
rarhtmai/:,  a  red  oxychloride  is  fonned  ;  and  if  even  a  siiihU  quan- 
tity of  the  acid-carbonate  of  the  alkali-metal  be  mixed  with  a  large 
j>ro]>ortion  of  normal  alkaline  carlxmate,  this  red  preci|)itate  is 
jirt>duced  at  fi^st.  This  reaction  may  serve  to  distinguish  the  car- 
Donates  from  the  acid-carbonates  in  solution.  If  a  cold  saturated 
solution  of  acid-carbonate  of  potassium  be  added  gradually  to  8 
or  10  times  its  volume  of  a  cold  saturated  solution  of  sublimate, 
a  light  granular  amor])hous  precipitate  of  a  bright  brick-red  col- 
mir  is  formed  (2  HgO.HgCl,).  If  the  volume  of  the  solution  of 
finblimate  be  ordy  3  or  4  times  as  great  as  that  of  the  acid-carbon- 
ate, a  precipitate  of  similar  composition  is  formed,  but  it  is  dense, 
frystalliiie,  and  red,  purple,  or  violet  in  colour.  Both  these  mod- 
ifications, when  decomposed  by  hydrate  of  potash,  yield.  t1\e  tje^ 
42  '^ 
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J(HC  irrulf  fif  mercnry  ;  but  if  1  volume  of  the  -  ^ 

iMJTirtte  l>e  iwldetl  to  2  volumes  of  tlie  golutii>ti  ot  - 

briskly,  a  jet  black  cryfttullinc  precipittiti.'  is  torriied,  whic 

conaifits  of  *2  HgO.Ha;CI„  but  which  yields  tlie  rt4  crjj 

weide  when  decoiu posed  by  hydrate  of  potatiiu 

If  equal   volumes  of  the  s<>liitions  be  mixed,  r^^  ' 
plates.  whiL'h  gmdually  become  browu  or  vellowit.li. 
(3  H<rO,HirCl,).     The  eame  body  may  also  bo  obtaiucd  iti  Uie 
{iiiiori)lions  form. 

The  qmidribaj^ic  oxyehloride  {4HgO,HgCI,)  m; 
by  ailditi(^  a  sohition  of  corrosive  sublimate  to  a  1;    _ 
the  wilutinn    of  the   ueid-ciirbonate.      OarlKinie    aeid 
escapes,  and  brown  crystalline  cru&ts  are  de}>OBited  :  cauAt 
ash  causes  the  separation  of  the  red  orule  of  mercury  froi 
comjxiund.      This  oxychloride  may  alstj  be  obtained  in  thtt] 
of  a  brown  auiorphous  dejMisit,  and  in  <rolden-yell«»w  nhites  ^, 
these  varieties  vield  the  y^/Zojo  ox/V/"  when  deconifM^sed  by  hj 
of  potash.      Tlie  tirst  two  o."tyehlorides  ai-e  couverttnl  by  I 
them  with  water  into  the  quadribasic  form,  which  iu  <lei 
'from  the  solution  in  golden-yellow  scales.      Other  oxyehl 
with  5  and  with  fi  atoms  of  oxide  of  merpory,  are  described 
Itoucher  {Ann.  de  Chimie,  III.  xxvii.  35.3). 

(924)  Aolion  of  Ammonia  tm  Corronim  Sid'Hmate. — "WTicni 
solution  of  corrosive  sublimate  is  adiled  to  a  »«ilution  of 
in  excess,  one-half  of  the  chlorine  only  is  removed  froii. 
and  the  so-called  white  j^rerfplPUc  is  formed,  which,  when 
witli  cold  water,  is  completely  soluble  in  nitric  and  in  hydn>' 
acid,  and  which  therefore  can  contain  no  calomel ;  HgCl,-}-2  H,1 
=  (Hg"lI,N,Cl)-|-lI,NCl.    Kane  considered  this  white  pre<-ii 
as  a  compound  of  chloride  with  auiide  of  mercury,  HgC  l,IIg| 
but  it  may  also  be  regarded  as  chloride  of  ammoniiiiii,  in 
2  equivalents  of  hydrogen  are  displaced  by  the  bietjiiivalent 
of  mercury  (Hg" II, N, CI)'      If  anmionia  be  added 
to  a  solution  of  corrosive  sublimate,  which   is  pm.  it 

tained  in  considerable  exceiw,  the  precipitate  consists  oi'  (Hjf,I 
N,C1,) ;    this  formula  would  bo  that  of  chloride  of  mercuramini^ 
in  which  the  place  of  the  oxygen  contained  in  tlie  base  is  mupplie 
by  an  equivalent  amount  of  cidorJne, 

White  precipitate  ha«  l>eeii  made  the  Bidiject  of  ntunemiua- 
periments.     If  it  be  heated  to  about  t>nO°,  ammonia  an-l    ' 
moniated  chloride  of  mercury  are  expelled  ;  an<l  n  rf<1  . 
powder  remains,  represented  by  the  formula 
for  n  (Hg  "H,NC1)  =  3  II.N  -»-*(II,N,HgCI,)  -f 
This  red  powder  is  in.solubIe  in  water  and  in  diluf< 
is  dissolved  and  decomposed  by  either  boiling  liydi... 
or  oil  of  vitriol.     By  raising  the  temperature  Ktill  further  it  isi 
composed  int«  nitntgen,  metallic  menmry,  and  calumcl.     It " 
'terestinc,  as  it  appears  to  contain  a  d<»uble  at-om  of  ammcii 
whicli  the  if  atoms  of  hydi'ogeti  are  displaced  b^  3  of  the  hi 
alcnt  mercury. 

Wheu  white  yrecipitato  is  boiled  in  vrutor  it  b  deo(irapi»<«l«] 
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and  the  heavy  insoluble  canftry-yelLiw  chloride  of  mercuramine  k 
formed.  whiUt  diloriile  of  aininoniiiin  is  formed  in  the  solution; 
4  (Hg"H.XCI)  +  ti  II,e  =  Hg,U,N,0,CI,  +  2  II.NCI.  This  yel- 
low powder  is  dissolved  easily  by  diluted  nitric  or  hydrochloric 
acid. 

If  a  sdlntiim  of  eorrnsive  snliliniate  he  added  gradually  to  a 
boilin-;  if<i>liition  iif  tial  aninuiiiiac  and  free  ammonia  eo  loug  as.  the 
{)reci])itate  is  rcdips'ilved  bv  agitation,  a  compound  crvstallizes  in 
rhonilMilifdra  on  coolitiij;  and  the  same  Bul)stance  is  pivx-iired  on 
boiHitg^  or'linnrv  white  precipitate  in  a  (Solution  of  eal  amiiioniac. 
This  cuinponud  fuses  and  uiidor]u'<»es  decomposition  at  a  temj)era- 
ture  of  572^;  boiH»»^  water  extracts  a  lartje  proportion  of  sal 
ammoniac  from  it,  and  lenveb  the  canarv-yellow  pnwder  above 
de«cril>e<L  It  is  freely  sojnlile  in  acids,  even  in  acetic  acid. 
Kane's  analysis  of  this  eomptiund  w<inl<l  allow  of  its  beinij'  repre- 
Bented  by  the  formula  Hg"Ii,N,CI,.  It  is  sonjetimeft  called  /"*t- 
Ide  tpfiite  pircipitaU!. 

When  c<irn»sive  sublimate  is  exposed  to  a  cum-nt  of  dry  am- 
mouiacal  ijas,  it  fuses  with  extrication  of  heat  ;  1  atom  of  the  salt 
»bsorl»s  1  of  ammonia,  prorhicini^  Il.N.HfiCl,.  This  compound 
may  be  sublime<l  witluDit  ohatifre,  but  it  is  deeompoeied  by  water: 
it  is  B  true  annnuniated  chloride  of  mercury. 

The  following  are  the  comjiounds  whicn  are  produced  Viy  the 
combinetl  action  of  ammonia  and  heat  upon  corrosive  sublimate  ■ 

(V\  ■V\Tiite  precipitate H^"n,Xri. 

(2)  Red  erystallme  compound 2  Hg('l,,Hg",N,. 

(a)  Chloride  of  mcrcuramine (Ho;,H,X.jO,)Cl,. 

(4)  Terehloride  of  mercuramine (Rji,Il,N,CI,)Cl,. 

(5)  Fusible  white  nrecijtitate Hi;"II,X,Cl,. 

(•*•)  Ammoniated  chloride  of  mercury,  H,N,HgCl,. 

fietudes  the  double  salts,  of  which  one  is — 

(7)  Sal  alembroth 6  II.NCl,Hg€l„H,e. 

(8)  And  anotlier  is H.NCl.HgCl,. 

These  remarkable  compounds  derive  interest  from  their  con- 
nexion with  the  theories  which  have  been  proposed  respecting  the 
nature  of  ammonia,  the  consideration  of  which  will  be  resumed 
when  the  alkaloids  or  organic  bases  are  examined. 

Two  Brouises,  analogous  to  the  chlorides  of  mercury,  may  be 
formed  ;  they  yield  corresponding  double  salta ;  both  of  them  may 
be  8ublirae<J  without  experiencmg  decomposition.  Mercnrons 
bromide  ((ffgBr ;  ^).  gr.  of  vapour,  10"14  ;  mol.  vol.  \  \  1)  is  white 
and  inscrluMe.  Merc-uric  bromide  (HgBr, ;  «?.  gr.  of  vapour, 
12'1»> ;  nud.  ?v)/,  j    I    \)  is  crystallizable  and  soluble. 

(\}'2o)  Ioi>niK8  OF  Merccrv. — Mercury  forms  three  iodides:  a 

green  iodide,  Hel ;  a  red  biniodide,  Sgl, ;  and  an  intermediate 

i...i;.t<-  (Hgl.Hgl,")  of  a  yellow  colour,  obtained  V)y  precipitating 

iroug  nitrate  by  means  of  iodide  of  potassium  containing 

ii'iiiii-  in  solution, 

MercnrouM  ivd'ule  (Hgl,  or  mhlodide^  IIgJ=32'»A  \ft  Sk  ^fcfc>"' 


pATTiler  in«<:«loWe  m  water,  which  is  easilj  deconip«ed  by  a- 
i»p>^ure  tij  lifflil,  into  mercury  and  the  red  kklide  ;  the  same  cfanse 
IS  effected  W  hesting  it  gentlr  with  folntions  of  die  sjIqISW 
iodides  or  chiorid^,  or  with  hjifricNiic  or  hydruchlod^  acid.  If 
healed  euddenly  it  fase^  and  inav  be  sabllmed  without  decompo- 
Mtion :  but  if  the  teniperature  be  nu^^ed  gradnaUr,  it  k  deeom- 
pu^cd  into  tbe  nfd  iodide  and  metalHe  mervniy.  It  la  eu% 
wnned  by  triturating  5  parts  iif  iodine  with  ei|tht  of  merenrr. 
moistening  the  mixture  with  a  little  alcohol ;  or  it  maylieprecip 
itate«l  frum  a  mlution  of  any  of  the  ^ts  of  mercnmns  oiak,  aj 
adding  to  theni  a  ^Intiou  of  iodide  of  pi>taf«iiiini. 

yXi*  Biniodide  of  mercury  {M^mtric  uxtide,  ifcl, =454) ;  JToi 
voL  i  i  1 :  (or  Hpl =*27> :  .^».  6'r.  (f  solid,  fi"25  ;  of  i-aptyur,  15^S: 
Ootnp. ««  l(Xt^»!»W>.  Hg.  44t>5  ;  I.  Sa'JtS. — This  beantiful  cooipottnd 
nuiT  be  obtained  by  trtroimting  5  parts^  of  iodine  with  4  ot  me> 
I'DTT.  and  eabliniing  the  niixtnre;  but  it  is  ptxieQred  most  eaf'iJT 
l>y  prwipltatinof  a  solution  of  coirosiTe  sabUm^te  by  means  of  n 
sototioo  of  iodide  of  poCas^inm  :  the  piecipitate  ia  aoltthle  in  aa 
exxxm  of  either  salt  The  preci|>itate  U  at  iir^t  eahuon-ooJoored, 
Imt  it  speedily  become*  conTerted  into  a  brilliant  searlet  cTTstal- 
line  defiosit.  It  fi^ei  at  alxtut  ^X'*,  and  yields  a  vapour  of  (j- 
tnoniitiiiry  density:  as  it  oools  it  i»  deposited  in  yellow  rbnmbic 
tables;  thi*.  yellow  colour  is  cban^ed  to  red  by  mere  agitatiimjir 
br  $eratc*hin^  the  crystals.  W arington  hag  ^rhown  that  this 
ebange  of  cot)tir  depends  npoa  a  change  in  the  molecnlar  cosjsti- 
tatt<>D  of  the  salt,  iti  conse<3nenee  of  which  tbe  rhombcnda!  cryst»b 
ai¥  eonverttxl  into  oetohetlra  with  a  arjuare  base.  Biniotlide  of 
laercTiry  i^  nearlv  insolnble  in  water,  but  it  h  taken  npfifeely  by  hiit 
alcohoL'  It  is  also  distsolved  by  solations  of  manyneTitralsaltjinf 
amiuoniTim,  as  well  as  by  hydmchlorit'  and  hydriodic  acids.  With 
the  solahie  electro-positive  iodides  it  tonus  ery^idhne  doiilile  saltSi, 
and  it  is  dis*4>Ived  es^ily  hy  -lolutions  of  chloridt^  of  the  inetdf  of 
the  alkalies,  but  it  d<x^  not  form  cryst.illizable  eorapoonds  with 
the?e  chlorides.  A  fusible  double  chloride  and  iodide  of  mercury 
(Hgl^.^^lj't  may  be  formed ;  and  a  liable  cryetallizable  com- 
pound \^sl^  2  HgCl,)  may  be  obtained  hy  ^tur^ting  a  boilJiig 
solution  of  ctMTC«*ive  sublimate  with  the  red  iodide  dt  mercurr, 
and  allowing  it  to  en-stallize.  By  adding  a  mixtirre  of  hydrate 
of  potash  and  ammonia  to  a  solution  of  iodide  of  mercury  in  one 
of  imlide  of  jiotasetiim.  a  brown  powder  h  deposited,  to  whit'h 
Xessiler  assignii  the  tbmYttla  Hg",^'T,H,0.  BLuiodide  of  meroQfT 
also  t'ynas^  definite  eomponntls  with  the  oxide,  and  with  tbe  sulphide 
of  the  uieta). 

(i*5ri>  Xitrid^  ofM^rtHtt^. — Plantamour  states,  that  by  tnuis- 
inittiiig  in  the  e«>ld  a  cnrrent  of  dry  ammonihcal  gas  ovorthe 
drieti  yellow  oxide  of  mercnry  precit>itated  ftom  its  sal t;*  l>y  an 
Alkali,  so  long  as  the  ga*  is-  absiorijed,  and  then  heating  the  dar^ 
bjxvwTi  ma»i  cautious^ly  to  a  temi^rature  not  exceeding  300°,  so 
loiig  as  water  is  formed,  an  anhydrous  powder  of  a  flea-bmiiri> 
colonr  U  "pT^^duce^l.  It  detonate;*  powemilly  when  heated,  or 
struck:  l\^  ^vd«>  d£(»im\>ce£^\t^S£^|^,«jdA.%  <jt'  ammooiaR)  ^ 
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mercTiry.     Its  probaMo  conijKisition  is  Hg,N,,  ae  inferred  from 
the  iiUKle  of  preparing  it ;  3  HgO  +  2H,N=Hfj;,N,-f-3  II,0. 

(927)  SuuMtATE  OF  Mekcurt  ;  Mercuritt  Sidji/iate  (HgSO.= 
296,  or  Hg{),S().=H8);  Sp.  Gr.  6-46l>.— AVhen  2  parts  of  iiier- 
curv  ure  heated  gently  with  3  of  oil  of  vitriol,  Bulpliurous  anhy- 
driae  is  evolved,  uiid  mercurous  sulphate  is  procured  ;  but  if  the 
lieat  be  inercaif.ed,  and  the  distillation  be  earned  to  dryness, 
mercuric  sulphate  is  formed  ;  eulpliuroue  anhydride  being  extri- 
cated, whilst  tiie  mercury  takes  oxvgen  from  the  i^nlphuric  aci<l ; 
Hg  +  2  H,Se.=HgSe.  +  Se,  +  2  rf,f>.  it  \=>  a  white  crystalline 
}>ow'der,  which  is  soluble  in  a  sohition  of  common  sjdt,  but  is 
decomp«ified  by  pure  water  into  an  insoluble  yellow  baeic  salt, 
called  txirf>eih  w.inei'al,  (HgSO.,  2  HgO;  gp.  gr.  8'319),  and  a 
soluble  acid  salt,  which  crystallize!*  in  deliquescent  needles ;  the 
yellow  basic  salt  is  formed  more  rapidly  if  the  sulphate  be  washed 
with  boiling  water.  The  noitnal  sulphate,  when  treated  with  aii 
excess  of  ammonia,  yields  s\dphateof  mercuramine.  The  normal 
^.fulphate  imites  with  sulphate  of  atnmouium,  and  forms  a  ciTs- 
"  lllieable  double  salt 

(■928)  NrrRATES  OF  Mekccry. — Mercury  forms  a  larger  number 
of  nitrates  than  any  other  metal.  The  conditions  of  temperature, 
and  dihition  of  acid  necessary  to  ensure  the  ])roduction  of  each 
conipouud,  often  vary  in  each  ease  but  little,  and  their  accurate 
Kiialysis  is  attended  with  some  difficulty.  Ditfei-ent  chemista 
vary  somewhat  in  their  statements  of  the  results  which  they  ob- 
taine<l.  The  norinnl  suhnitrati\  or  mercurous  nitrat-e  (Hg',  2  NO,, 
iJ  II,0,  or  Hg,0,NO,  .  2  Acj)  is  obtained  by  digesting  metallic 
mercury  in  an  excess  of  nitric  acid  diluted  with  4  or  5  times  its 
bulk  of  water ;  it  crystallizes  in  short  transparent  somewhat 
elflore^ieent  Y)rism8  (or  in  rlHniil)ic  plates;  Gerliai*dt);  water  de- 
comjH)ses  it  inton  yellow  iusohibk-  dibjusie  salt,  (Hg'j2N0,,Hg,0, 
H,0)  or  (2IIg,0,N0„lI())  ami  a  solulple  acid  one.  A  soluble 
enbaitrate,  which  is  often  mistaken  for  the  normal  salt,  crystal- 
luces  in  large  transparent  oolourlesis  prisms,  3  (Hg',  2  NO,)rfg',0, 
H,0, or4  Hg,0,3N0„H0,  and  is  obtained  by  digesting  tin  excess" 
of  mercury  in  diluted  nitric  acid.  De  Marignac  finds  that  by 
boiling  the  mother-liquors  of  the  preceding  salts  ujtnn  an  excess 
of  mercury  for  several  hours,  doubly  oblique,  rhombic,  colonr- 
les6  prisms  are  dej>o&ited,  to  which  he  assigns  the  formula,  3  (Hg, 
2  NO,),  2Hg',e,2  II,e.  or  5  Ug.O,  3  NO,,  2  IIO.  Other  subni- 
trates  also  appear  to  exist.  These  various  basic  nitrates  may  be 
distinguished  trom  the  normal  salt  by  triturating  them  with  chlo- 
ride of  sodium,  when  they  become  grey,  owing  to  the  separation 
of  black  oxide  of  mercury,  Mobile- calomel  is  formed;  but  the 
normal  stdt  remains  wliite. 

A  normal  menttric  nitm*e  [2  (Hg"2  Ne,)n,0,  or  2  (HgO, 
NO  J,  IIO]  is  slowly  formed  in  volumimms  crystals,  l>y  dissolving 
the  red  oxide  of  mercury  in  an  excess  of  nitric  acid,  and  evaporating 
the  liquid  until  it  assumes  a  syrupy  consistence.  Another  nitrate 
(Hg  2  NO^HgO,  2  ri,e,  or  2  IlgO,NO.,  2  HO)  is  deposited  in 
aciculor  crystals  tirom  a  boiling  solution  of  mercury  in  excess  o{ 
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nitric  acid ;  but  it  is  obtained  with  greater  certaiiit 

inu  nitric  acid,  of  sp.  gr.  1*4,  dihited  with  an  e^, 

water,  witli  the  red  oxide  of  incn-iirv.     The  -  ' 

these  saltd  iire  di'conjposed  when  dihited  freely    ■ 

velUiw  insohible  biislc  nitrate  (if}i2NO,,  2  \ 

^(>„Ill))  is  precipitated:  ]>y  loiig-i>)nti!jii'  _         uj 

watur,  tlie  whole  of  tlie  nitric  acid  is  reruoveii  Iroin  tJufi 

salt,  and  oxide  of  njereury  is  left.     Solutions  of  the  ii»w 

nitratw,  wlion  digested  upon  an  excet»  of  iJie  metal,  are 

verte<l  into  uiercurou:*  in'trates. 

(It2l>)    (."IIXIIACIKKS    OF    THE    S.VXrTd    Of    MkBI-JCRY. M'i«l««ftl»l 

*ftlt;i  of  inereury  arc  colourle.*:?,  but  M>nw  t»f  the  h 
salt*  are  yoUow.     The  foUowliji;  chariieter;^  ixre  oi<i  > 

salts  of  both  oxides.     The  sohihle  eonipounds  have  an  u(:rj<i,i 
seoun,  metallic  ta^jte  :  in  large  dose*  they  act  as  irritant  poi( 
All    the   compounds  of  mercury  are  volatilized   by  bent,     lf4 
small  ipiantity  of  any  of  the  dry  salts  of  this  n^etal  be  piaixiii 
the  bottom  of  a  tube  of  the  diatxietor  of  a  quill,  amd  Ix.*  oowrwl 
to  the  depth  of  an  inch  with  a  layer  of  dried  cnrborm 
or  of  potassium,  mercuiy  may  be  obtained  In  the   !■ 
limate  of  minute  glohnles,  by  heating  the  upper  part  «»l   tni' 
of  the  carijonatt'  to  rethie^s,  ami  ilriviiig  the  vujx»ur  of  tlur 
curial  coini»onnd  alowly  throngii  it. 

The  presence  of  mercury,  when  in  solatioo,  may  Iw  detect 
by  placing  a  i^mall  strip  of  zinc,  ronnd  which  a  thin  »lijp  i>f  gol 
foil  irt  twi«te<l,  in  a  i>ortion  of  the  licjuid  to  In?  tested.     The 
cury  will  be  deposited  bv  voltaic  action  in  the  forin  of  a  whit 
fituiii   upon  the  gold.     This  stain  will  di^*ap[)ear  on  heating  tha 
gold  to  redness.     The  aalts  of  mercury,  wliether  Holnlde  nr  iu« 
Bidnble,  are  all  rediiced  to  the  metallic  state  when  heated  with 
$;oluti(Mi  iA'  «tu/ini/un  chloride,     A  btriji  of  metallic  i-^ipiurr  iKHHuacaJ 
coated  with  a  white  amalgam,  if  rublwd  with  a  aohtttou  contun* 
ing  mercm'v.     This  test  maj'  be  etnpl(»yed  for  <lctecting  the  pr 
fience  of  mercury  in  mdution  if  ai»plie<l  by  the  metho«l  of  lu-iuAcbl 
for  ai-»enic  (H-lt!),  a  sublimate  of  mercury  in  distinct  globtiIet>  being] 
obtaincfl  by  heating  thecoate<l  >>lip  in  a  small  tulie. 

1. — MtrcHi'oim  miU^  are  characterizc<l,  when  in 
yielding  with  sobitioni?  of  ^Ki(fi«/u  of  nofiti,  or  of  / 
pi'ecipitate  of  mercuroiis  oxide.  J^i^rroct/anuh  of  jx/fOftivm 
gives  a  white  precipitjite.  B<ith  mtiphnrettid  ht/dnxfeii  an<l  «<^ 
pli'uh'.  of  aminonium  yield  a  black  sulphitle  of  mercury,  itydf^ 
chloric  acid  and  solutions  of  the  chlorides  canf»e  a  white  precipi- 
tate of  calomel,  which  is  soluble  in  h<jt  concentrated  nitnc  ar«l. 
and  in  chlorine  water;  it  is  hlackened  by  the  ailditioii  of  . 
of  ammonlsi.  Iodide  of  ffotanitiutn  give«  a  ereen  iip 
iiMlide,  and  chrottKtU  of  j>o(<nn>iutn  a  bright  reu  Italic  lucrcunju. 
chromate. 

2. — Mt-rcuric  mU«,  when  in  eolation,  yield  with  aolntion*  of 
jHitaAh,  of  ifitdd   and  of  limf,  a  bright  yellov-     -    •-   •  '^      '  ■  ■■'' 
curie  oxide:  with  amnumiu,  a  white  pre*  ■ 
oarfwiMte  of  potatfuiuni^  a  yellow  precipitate  ut  usidc^  \\i\Xi  Ui^" 
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*bon<tfr-  nf  potatiHiuniy  a  red  ])rec'ipitute  of  oxychloride  of  racr- 
cnrv  il'-'v) :  "^  tlieue  prccijiitutes  are  solublo  in  hydrochloric 
ncid.  Siiljihide  of  ai/imonium  trives  a  blaok  precipitate;  and 
9\Uphurettt'(l  tiijdrnijen^  a  dirty  white  precipitatf,  wnich  uasecs 
through  red  into  l)laek  ;  it  is  insoluble  in  nitric  or  in  hvdrociiloric 
acid  ;  this  sulphide  is  insoluble  in  the  sulphides  of  the  alkaline 
uicttiU  unless  an  cxoesi,  of  alkali  be  pret;ent,  in  which  case  the 
precij^itate  irf  jjradually  dissolved.  loaiih  of  jxtta^^ium  orecipi- 
tates  a  t<abmin-c!iiloured  iodide  of  inercnrj',  which  qiiickly  be- 
conu^  of  a  brilliant  bcarlet :  this  precipitate  is  soluble  in  excess 
both  (»f  iodide  <A'  potassium,  and  of  con'osive  sublimate.  Ifydro- 
Moru'  uckJ  and  solutions  of  the  chlorides  give  no  precipitate  with 
the  mercuric  salts.  Ferrocyanide  of  potassium  gives  a  white 
precipitate,  which  gradually  becomes  blue,  while  cyanide  of 
mercury  is  fdrmeil  in  the  solution. 

(■'.'3U)  Exiiiiuiiiitn  of  Merminj. — Mercury  is  usually  estimated 
in  the  metallic  form.  If  the  solution  contain  neither  lead  nor 
silver,  metallic  mercury  may  be  i)re<'ipitatod  by  the  addition  of 
Btatinoiiti  chloride,  acidulated  with  iiydrochloric  acid  :  the  metal 
must  be  cidlucted  on  a  weighed  tilter,  and  dried  hi  vacuo  over 
Rolphuric  acid. 

When  the  compound  is  in  the  solid  fonn,  Millon  recommendB 
the  folhiwing  plan  for  et^'ectine  tlie  decomposition  of  tlio  combina- 
tions of  mercury,  and  tor  cdlecting  the  metal : — A  hard  ghvw 
tube,  15  or  16  inclu*  long,  such  as  is  used  in  the  analysis  of 
organi<!  compounds,  is  «hawn  out  in  the  manner  repre.'ieiited  in 
fig.  o56,  and  at  a  a  small  bulb  is  formed  for  the  reception  of  the 
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mereury ;  a  |>lug  of  asbestos  is  placed  at  h ;  the  tube  is  then 
filled  a»4  far  ae  c  with  fragments  of  (juicklirne,  and  the  mercurial 
coiitjDOund.  in  quantity  varying  from  15  to  50  grains,  is  introduce*! 
between  c  and  d,  and  the  tube  is  filled  up  with  fnigments  of 
lime.  If  nitric  acid  be  jiresent  in  the  compound,  metallic  copper 
must  1k>  substituted  fur  ciuicklime.  The  extremity,  c,  is  con- 
nectL><l  with  !in  apparatus,  y,  which  supplies  a  steady  current  of 
pure  <lrv  livdrogcn, — the  tube  l)cing  placed  in  a  sheet-iron  fur- 
QW!e,  /^  while  the  i-eceivei*,  «,  projects  beyond  the  furnace,  and  i» 
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kept  cool.     As  60on   as    the  apparatus  is  filled  xr; 
lignte<l  chart'oal  is  applied  to  the  lir»t  third  of  the  : 
b  and  t%  and  when  it  is  at  a  full  red  '■  '  uvt*!  ■" 

very  gradually- added  until  the  wh<>le  h  -•  r  rtd 

hot';  the  mercury  collect*  in  a,  and  tlio  \\  tirrt 

i-ondensed,  is  gradually  rcuiovcd  by  the  curi  c^o*. 

When  the  operation  is  over,  the  inirrow  rtortioH  ot  tho  lube 
tween  a  and  h  is  cut  with  a  file,  and  tne  deta(^he<l  yx  "-♦!■"■ 
with  it*  content*,  is  weighed :  tlio  mewury  is  empiie*!,  i 
cleansed  with  nitric  acid  and  water,  then  drieil.  and  W'  _ 
second  time;  the  difference  gives  tlie  weight  of  tlie  cn-'i':-^4, 
mercury. 

§  II.  SiLVEB :  Ag'=108.    Sp.  Gr.  10-5S.    Fwihiffpi.  1873*7 

(931)  Silver  has  been  known  from  the  earliest  a^ps,  and  fatt; 
always  been  jtrized  for  its  rarity,  beantv,  untl  its  brilliutit  lii»trv,j 
It  has  a  white  colour  with  a  tinge  of  red  ;  in  hanlness  it  is  intepj 
mediate  between  copper  and  gold,  and  it  is  endowed  with  cxm- 
tideruble  tenai-ity ;  it  may  l>c  liammercd  into  very  tldn  le 
and  admirs  of  beinij  drawn  into  very  fine  wire.  iJy  n-p 
heatings,  however,  tliis  metnl  ai^sumtM  a  crjt-tallinc  toxtnry, 
it  then  l>ecome«  brittle.  It  crystallizes  in  form*  l>clonging  to] 
the  regular  eyi^teni.  Silver  fuses  at  1873°  F.,  and  on  fooUa_ 
cxpaniis  forcibly  at  the  moment  of  solidification.  It  is  not] 
sensibly  viilatilized  if  heated  in  closed  vet^eb,  Imt  n  - 
dispelled  in  greenish  vapours  when  a  very  powerful 
charge  is  sent  through  it;  when  heated  before  the 
jet  on  lime  {'M'iCi)  it  may  be  made  to  boil,  and  givi 
which  become  oxidized  in  the  current  of  gas  if  it  coniHin)>  m\ 
excels  of  oxvgen.  Silver  ie  an  excellent  conductor  both  of  heat j 
and  electricity,  and  is  not  inferior  in  these  res|K'cte  to  any  knowal 
substance.  Silver  is  not  oxidized  by  ex}>osure  at  any  temperaturaj 
either  in  a  dry  or  a  moist  atmohplierc  Pure  silvpr.  h<iwever,j 
when  melte<l.  absorbs  oxygen  mechanically,  tw  an  e\'  lilt- 

ing, it  is  siiid,  to  22  times  the  bulk  of  the  metal,  bu  i^1 

given  off  sit  the  moment  of  Bolidification :  if  a  iriHSR  o' 
silver  be  allowed  to  c»k>I  sudtlenly,  the  outer  crust  beconiL 
tied,  and  when  the  interior  portion  assumi*  the  sidid  conditiua  it! 
ruptures  the  crust;  small  tubes  or  globules  of  melted  nn  •  '  -■- '' 
then  forcibly  expelled  by  the  escaping  oxygen.  aidc<l  by  tli^ 
expansion  which  the  silver  undergoes  in  the  act  of  -  "  ij 

Thif  phenouKMion,  which  is  tenned  the  /rjtittin/j  of  tli 
entirely  jirevcnted  by  the  presence  of  1  or  2  pr-r  cent,  of  cuj 
Silver  combines  .ilowly  with    chlorine,  with  bromine,  and  ' 
iodine ;    if  fused   with    plujsphoruB    the   two  bmiiee    enter  iDid| 
combination.      Silver  has   a   powerful   attraction   f-     "l■^'■ 
by  long  exp«^uro  to  the  air  the  metal   beconiw 
bliickcned  or  tarnished,  from   the  formation  of  a   r  i 

&uli)liii]e  upon  its  surface,  owing  to  the  decomj>o&ing  .  C\ 

metal  upon  llie  small  jwrtioa  of  Bulphurti 


conptnntly  floating  in  the  air,  especially  of  large  towns.  This 
tuniii^h  is  rwidily  removed  by  means  of  a  soliitiuu  of  cyanide  of 
potafM^iiim. 

Tlie  best  polvent  for  silver  is  nitric  acid,  wliich,  if  diluted 
with  an  equal  bulk  of  water,  acta  upon  the  metal  with  great 
violence,  dissolving  it  rapidlv  and  evolving  nitric  oxide,  while 
nitrate  of  silver  is  foniied.  riydrocliloric  acid  act-?  buts  lightly 
aj)i»ii  it.  .Uiiui  regiji  attacks -it  more  rapidly.  DiluteilliydriiHiic 
licid  attavks  it  witli  evolution  of  livdrogen.  rSoiliug  t)il  of  vitriol 
disfolves  it  with  evolution  of  snlpluirous  anhydride.  If  common 
jaltl»efiise<l  in  at«ilvfr  d'wh,  or  if  it  be  moistened  and  left  in  contact 
irith  silver,  it  gradually  corrodes  it ;  Boda  being  formed  bv  the 
ftlxsorptioii  of  oxygen  from  the  air,  while  the  hberated  ehlorine 
Mtiicks  the  silver.  Neither  tlie  hydnited  alkalies  nor  their  ni- 
Irateti  exert  any  considerable  action  upon  it,  whether  in  solution 
Or  when  fii!<e<l  l)y  heat.  nn<l  hence  cnicilikv  for  the  tiij^ittn  of  refrac- 
tory miiienils  with  eauj^tic  potaeh  are  commonly  made  of  this  metrJ. 

The  value  of  silver  a.s  a  medium  of  e.xdiange  has  caused  it  to 
be  adopted  as  sncii  by  all  civilized  nations  from  the  earliest  ages 
of  the  world.  AYhen  alloyed  with  certain  proportions  of  copper 
it  is  used  for  the  current  coin  of  the  reahn,  and  for  the  various 
urticles  of  ])late.  From  its  superior  power  of  reflecting  light,  it 
foniu?  the  best  surface  for  the  reflectors  employed  hi  lighthouses 
at  sea. 

(932)  Eftnuium  of  Silver  from  iU  Ore«. — Silver  isfi-equently 
piet  with  in  the  native  state  ;  either  pure,  when  it  occurs  in  fibrous 
masses,  or  crystallized  in  cubes  or  octohedra  ;  or  Bometimes  com- 
bined with  gold,  nierciiry,  or  antimony  :  generally,  however,  it  is 
found  in  combination  with  sulphur,  mixed  witli  sulphides  of  lead, 
antimony,  copper,  and  iton.  The  mines  of  Peru  and  itiexico  are 
live  most  extensive  sources  f>f  silver.  In  Europe,  those  of  Kongs- 
berg  in  Norway,  and  of  Schneeberg  and  Freybcrg  in  Saxony,  are 
celebrated:  there  are  also  numerous  otlier  mines  from  which 
Kinaller  quantitii»s  are  obtained.  The  ores  of  silver  occur  usually 
among  the  primitive  rocks,  frequently  in  calcareous  veins,  travers- 
ing citlier  gneiss,  or  slaty  and  micacoona  dejiosits.  Sulphiile  of 
Jesul  is  nearlv  alwaj's  accompanied  by  small  quantities  of  snlpiiide 
of  silver,  and  a  considerable  quantity  of  silver  is  extracted  during 
the  refining  of  lead  by  Pattinson's  process  (S91),  as  well  aa  by 
enpelhitioJi  lSt)2). 

At  Fivyberg,  silver  is  for  the  most  part  obtained  from  the 
lulphide  by  the  method  of  amalgaination.  The  plumbiferous 
ores  are  in  this  case  rejected,  as  they  are  not  adapted  to  this  me- 
tliod  of  priK-eeding,  but  are  treated  in  the  manner  already  de- 
iK.Til)ed.  The  ores  are  usually  sorted,  so  that  they  shall  contain 
alMtut  0'24  parts  of  silver  in  100,  or  about  80  ounces  per  ton  of 
ore,  and  not  more  than  1  per  cent,  of  co]>per ;  the  proportion  of 
iron  pyritej*  is  not  allowed  to  exceed,  or  greatly  to  fall  short  of  35 
per  (■•-nt.  The  metalliferous  mas.*,  after  Iteuig  reduced  to  a  coarse 
|M)w«ler.  is  mixed  with  a  tenth  of  ita  weight  of  common  salt,  and 
tirted,  to  ensure  its  intimate  ilicorporation ;  it  is  then  roasted,  at 
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itirst  at  a  low  red  beat;  during  tliis  <-i 
keep  the  mixture  ex>U6t(uitly  i»tirred,  in  ■ 
prevent  it  from  ('.(mcrt'tiTig  into  lumps, 
antimuny  are  expidled  in  dtmse  wLito  fun 
dride  and  oxide  of  Hiitiniony,  and  the  sulpbidos  ot  the  olh« 
als  are  {uirtiidly  oxidized;    tlie  silver  obtains  chlorine  fr 
SiUt^  the  ^oiiium'  of  which  unites  with  oxygen  and  Huljthur,  cKl 
ride  of  silver  and  sulphate  of  sodioni  '  '  ritusl ;   ih«« 

and  the  iron  are  chanj;eil  pnrtly  inro  .  partly  inu>l 

rides,  aud  partly  into  oxides,  as  tlie  ct^uaUoaa  suhjoineHi 
show ; — 

Ag,S  +  2  NaCl  +  2  e.= 2  A^^Cl  +  Nji^SO.  ; 

euS+2e.=euse,; 

2  euS+4  NaCl  +  4  e.=en,Cl,  +  Cl-  +  2  Na.SO.; 
2  FuS»+fi  NaCl +  7  0,=Fe.Cl,  +  3  Na^SO. +  *><>,. 

During  the  early  sta-ies  of  tliis  operation,  f(i  i 
anhydride  are  }^ven  oft' ahinulantly  ;  and  the  rn 
tintil  these  have  in  great  measure  jjivcn  phure  to  ili> 
and  perehloride  of  iron.     A  charge  of  4^  ewt.  re<ji.    . 
roa-sting.     The  roasted  ma*3  is  now  rnkeil  out  of  tho  fnmac*, 
allowed  to  c«x»l :  it  is  next  sifted  in  order  to  separato  the  li 
which  are  powdered  and  axrain  ftiibniitted  t<i  the  eame  o[>ei 
About  85  per  cent,  of  the  sdver  is  thus  eonverte<I  into  rhior 
the  first  roastini^.     The  portions  which  have  nartsed  tlirous 
sieve  are  ground  to  powder,  and  pa^ed  througii  a  bolting  »i( 
procure  a  very  fine  meal.    The  i)owdL'r  is  next  plure<l,  with 
tliird  to  half  itd  weight  of  water,  in  hu-ge  caekn,  which  are  eharp 
witli  lialf  a  ton  of  the  ore.     These  ciisks  are  eauwd  to  rcvalt 
uppn  horizontal  iixes,  alwut  20  times  perjiiinutc;  1  cwt.  of  i 
wrought  iron  is  then  introduced  into  each  cnfik,  and 
lapse  of  an  hour,  5  cwt.  of  mercury  is  added,  atVer  i 
casks  are  again  nmde  to  revolve  for  about  20  hours;  di. 
operation  a  slight  ri.se  of  temperature  ik  obBer\ed.     Td 
when  jihu'ed  in  the  csusks  consists  principally  of  chl 
luLxed  with  large  quantities  of  cujuic  sulphate  and  i  .; 
ride,  aa  well  aa  of  terric  chloride,  with  a  variable  pro{H)rtion  of  i 
oxide!?  of  copper  aud  iron.     The  object  of  agitating  the  mil 
with  the  iron  before  adding  the  mercurv  is  to  reduce  iJie 
chloride  to  ferrous  chloride  in  the  firet  instance;  if  thi- 
tion  were  not  taken,  the  mercury  would  be  parfiHlIy  • 
into  calomel,  which  would  not  subsequentlv  \>v 
would  thus  be  lost;   the  excess  of  iron  alter« 
ehhirine'from  the  chloride  of  silver  aud  cupreotw  chloride, 
the  sulphuric  acid  from  the  copper. 


Pe-|-Fe.Cl.=3FeCl,; 
eu.C'l+Fe=FcCl,+2  eu; 


2  Aga+Po=PoCl4- A2 

euse.-t-ft}=Ftj.sf>, 


The  prepenc<?  of  tlie  nier«Miry  favours  tb 

a  voltaic  current,  and  the  silver  and  ■ 

unite  immcdmlttly  with  the  mercury,  fornmig  a  iii|uid 
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Ion  of  18  or  20  hours  the  caskfl  are  filled  up  with 
are  again  set  in  motion  for  a  couple  of  houn*  to  allow 
ni  to  he  WiLslied  out  of  the  spent  niateriujg  ;  nfter 
luid  amalgam  is  drawn  oil'  into  sneks  of  ticking  ;  these 
a  kind  of  rude  tilter  through  which  tlie  greater  part  of 
^runa  into  a  stone  trough,  leaving  beiiind  it  a^oft  solid 
jfrom  16  to  17  per  cent,  of  silver.  The  nind  in  the 
lin  submitted  to  wtvshmg ;  the  residual  amalgam  sub- 
Z  to  its  greater  density,  and  the  lighter  portions  are 
The  filtered  i>art  of  the  mercury,  which  retains  a  small 
r  silver,  ii^  xi:reA  iigain  for  the  anuilgamation  of  a 
ni  of  ore.  The  silver  in  t!ie  solid  amalgam  has  now 
irated  from  the  remuiaing 
or  this  pnj-pose  it  is  placed 
ipported  on  a  tripod,  c,  tig. 
a  large  distillatory  iron  hell, 
B  upper  part  of  wliit^h  a  tire, 
. ;  the  bell  and  its  contents  are 
ht  to  a  red  heat,  by  which 
mercury  is  driven  off;  its 
cends,  and  is  condensed  in 
contained  in  the  vessel,  n. 
aon  is  generally  j^erformetl 
>f  amalgam  at  a  time,  and 
hours.  The  resiihial  spongy 
'er  and  copjier  is  then  fused 
» ingots,  which  h\  the  Saxon 
in  usually  about  70  per  cent. 
»r  and  3s  of  cojjper.* 

wencun  Process  of  AmaJgamathn. — In  the  mining 
Mexico  and  Cliili,  where  fuel  is  expensive,  and  where 

r«mont  upon  this  process  luw  l>eon  intnxiuood  by  Angnatiii,  who  di«- 
i  use  of  mercury  ultof^thor.  Alter  tho  ore  Fias  beou  roasted  first  by 
U  a  seooud  timy  witli  ddorido  of  sodiuoi,  it  is  digested  in  a  conccn- 
of  common  salt; — sucli  a  solution  dissolves  chloride  of  silver  readily: 
B  of  dilorido  of  sodium  excrti"  little  or  no  solvent  action;  and  the  eon- 
l  when  diluted  dcpof  its  the  eliloride  of  silver  which  it  hm\  previously 
practice  it  is  fouud  iK-tter,  iustead  of  diluting  the  liquid,  to  digest  it 
50pper;  tlio  chloride  of  silver  is  decomposed,  chloride  of  copper  is 
lolved,  whilst  metiillie  silver  is  precipitated.  The  presence  of  chloride 
e  Bolulioo  of  the  chloride  of  sodium  does  not  prevent  the  liquid  from 
i  aguia  for  the  extructiou  of  diloride  of  silver  from  fresh  portions  of 

portant  improvement  in  the  operation  was  made  by  ZiervopeL  He 
•mtion  of  chloride  of  silver  entirely,  and  merely  roasts  the  sulphurous 
mnuDer  that  the  sulphates  of  iron  and  ciopjx-r  are  completely  decern- 
be  sulphate  of  silver,  which  willistands  a  much  liigher  tcrapersturc, 
imposed  in  the  mass.  In  this  o[)erntion  tho  powdered  ore  is  roasted 
no  odour  of  sulphurous  anhydride  and  yields  no  sensible  amount  of 
per  wheu  thrown  red  hot  into  water:  boiling  water  then  dissolves  out 

silver,  but  the  oxides  of  copper  end  iron  remain  undissolved.  Tbe 
tated  fVoiu  the  liquid  by  means  of  nietiUic  copper  as  before.  A  small 
•er  is  still  Tolaiaed  in  the  undissolved  residue,  from  which  it  may  bo 
extracted  by  tho  metho<i  of  Au^^ustin.  Both  these  processes  have 
Uid  pmcti5>ed  on  a  Inri^c  scale  in  Knffland. 
Rtqtcsicd  the  use  of  hyposulphite  of  sodium  as  a  solvent  for  the  chlo- 

The  mineral  atlcr  roasting  with  chloride  of  aodium  is  washed  first 
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.01*69  are  often  worked  of  a  much    iKKirei 

^Eurojje,  the  process  of  amalgaiiiatiou  is  *!■ 
of  the  silver  occurs  in  the  native  state,  so  that  il 
with  the  mercurv.     Tlie  mineral  is  stam^KKi  ani 
fine  powder  in  mills,  then  moistened  with  wHter. 
with  from  1  to  5  per  cent,  of  salt;  the  mixing  is  tii.. 
train|»]ing  of  hoi"sc3  during  6  or  8  hours.     The  ore  thus  W 
witl\  the  salt  is  allowed  to  remain  imdistnrhed  forei' 
which  an  addition  of  -a^  or  j^j  of  it^  wei^dil  of  v' 
cally  terme<l  nuujUtral  is  made.    Tliis  substanoe  con- 
coppor  pyrites,  and  contains  about  ]<>  per  cent,   c 
Clipper,  the  remainder  being  sulpliate  of  iron  and  other  iuipuritV 
mercury,  to  the  extent  of  twice  the  quantity  of  silver  that 
contains,  is  then  added,  the  mixture  being  effected,  as  befii 
the  trampling  of  horses.     It  is  again  allowed  to  rest  for  \(^\ 
days:  during  this  period  a  considerable  portion  of  thf  silvi-r 
comes  united  with  the  mercury,  forming  a  hard,  '  -inu 

gum,  .ind  at  the  same  time  a  large  (piantity  of  culi.i.  niy 

Another  eipial  quantity  of  mercury  is  a(hled,  and  a  Htiit  iiijip 
interval  of  rest  is  allowed;  then  a  third  dose  of  in'r—nn  '    -' 
same  extent  follows;  by  this  last  addition  a  fluid  u 
tained,  which  is  separated  by  washing,  filtered,  and    in-  i:n 
is  expelled  from  the  silver  by  distillation.     The  quantity 
cnry  consumed  in  this  j)rocess  varies  from  130  t<. 
eaeii  100  parts  of  silver  extracted,  ijreat  wajite  1 
owing  to  the  formation  of  calomel,  which  is  not  re< 

calculated  that  up  to  the  close  of  the  last  eenturj-,  '■  al 

of  mercury  had  thus  been  lost  by  the  processed  adi>ptad  in  t| 
American  mines  in  the  course  of  200  years.* 

The  theory  of  this  operation  is  ratlier  obscure.     The  6n1| 
of  copper  of  the  mugistral,  and  the  chloride  of  sodiii 
each  other,  euprie  cijloride  and  sulphate  of  ftodium  ; 
Cupric  chloride,  in  the  presence  of  metallic  silver,  is  cimn 
into  cupreous  chloride,  whilst   chl<»ride  of  silver    b   pr 
2  eu"01,  +  Ag,=eu',Cl.  +  2  AgCl.    When  (rupre^.us  e.hloridi 
excess  of  common  salt  and  water,  is  brought  into  contad 
sulphide  of  silver,  the  cupreous  chloride  is  dissolved  by  tlic 
tion  of  chloride  (»f  sodium  ;  this  solution  of  eujireon 
composes  the  sulpliidc  of  silver,  and  is  converted 
sulphide,  whilst  chloride  of  silver  is  formed ;  <?u',C'I, 
4-2  AgCl.     The  excess  of  salt  dissolves  the  chlori<lc  r.l 

the  addition  of  mercury  decomposes  tliis  dissolved  cliioride; 
mel  is  formed,  and  an  amalgam  of  silver  is  proeun-d;  'i  A 

with  hot  and  then  with  cold  wnter.  and  nfltTwardg  in  dijfi'HUnl  in  n  dilnte  < 

the  alkaline  hy})osulphiu>,  v»-!-' ■'■   '■-  'v 'ip  ohioriile  of  Hilvor;   from  this 

tlie  silver  \n  precipitntc-d  a^  nx  of  aulptii/Le  of  MKlinio, 

>(ilphit>>  ol' Bodium  is  ropro'li: 

•  Dutnas  proposes  to  r*>cover  this  niereurv  hj  ir 
qnsnlirv  of  ohlori'lt^  of  limt>  or  nilratf  of  «o<rmtii 


fumltll  VUu  mttis'vsUal  teic^VLlted  for  u  now  operittk>ii  ci|iou  frv'ftii  Ofv. 


■uiwu  *1  ' 


LTQrATTOIT — PLATINO   ASTD   SILVEBrjrO. 


iffgCl+Asf,.  If  too  mneh  niacfistrnl  be  added,  an  excess 
'  cupric  chloride  (0uCl,)  is  pnxluced ;  this  state  of  the  mlx- 
\e  is  easily  perceived,  for  in  siu-h  aca^  the  fjlobules  of  mercury 
the  mixture  appear  to  be  too  minutely  divided  ;  tJie  addition  of 
He  then  liecoines  neeessary  in  order  to  de:'onipo(?e  the  excess  of 
e  ciiprio  chloride,  otlier\ri*e  this  Halt  would  reconvert  the  silver 
to  chloride,  and  the  mercury  into  calomel. 
I  (^34)  St^paraiwn  of  super  fjfnn,  Copper  hf  Liquation. — It  oc- 
iBonaliy  happens  that  a  copper  ore  contains  a  considerable  amount 
I  diver,  which,  under  certain  cirennistances,  it  may  be  des^irable 
I  extract  by  the  process  of  liq'>ration.  For  this  purpose  ti»e  cop- 
fcr,  having  been  brought  to  the  stage  of  blister  copper  (870),  is 
lelted  witb  from  3  to  4  timeti  its  weight  of  lead :  tlie  mixture  is 
)8t  into  circular  ingots  in  iron  nxuilds,  v^hieli  suddenly  c<hi1  the 
loy,  and  cause  it  to  solidify  before  the  copper  and  lead  have 
me  to  separate  from  each  other.  Tiie  proportion  of  lead  should 
A  be  less  than  500  times  that  of  the  silver  in  the  mass.  These 
kes  are  then  subjected  to  the  action  of  a  moderate  heat ;  the 
id,  combined  with  nearly  all  the  silver,  and  a  small  'J)roportion 
ilv  of  copper,  gradually  runs  irynn  tiie  mass,  leaving  a  sjiongy 
Ridue,  consisting  chiefly  of  eo|»per,  but  still  retaiTiiiig  a  small 
oportion  of  lead.    The  argentiferous  lead  is  afterwards  subjected 

the  process  of  cuf^ellatioii,  wliilht  the  copper  from  which  it  has 
len  separated  is  sultjeeted  to  a  patient  roat^ting  in  order  to  oxidize 
e  remainder  of  the  lead,  and  it  is  then  retined  much  in  the  usual 
anner. 

(935)  Platrnff  and  Sitvcrinff. — Silver  is  frecjuently  employed 
I  give  a  coating  to  the  surface  of  less  exjiensive  metals.  Goods 
I  prepared  are  said  to  be  plaff'd,  if  tlie  proporti(^)n  of  silver  be 
msiderable,  and  silvered  if  it  be  small.  Plating  on  cooper  ia 
fected  by  polishing  the  npper  surface  of  the  ino;ot  which  is  to  be 
lated,  and  then  placing  upon  it  a  bright  slip  of  silver,  the  snper- 
ciol  area  of  which  is  a  little  smaller  than  that  of  the  copper 
|hich  it  is  intended  to  cover:  the  thir'knes«  of  the  plate  of  silver 
i  proportion  to  that  of  the  copper  varies  with  the  vnbio  of  the 
oods.  The  compound  ingot  is  then  exi».>sed  to  a  temperature 
D8t  below  the  fusing-point  of  the  silver,  which  softens  at  ita 
Brfsce.  By  hammering  or  rolling  out  at  this  liigli  beat,  the  two 
Hetals  are  sweated  together,  as  it  is  tenue<l,  ana  become  iusepa- 
^hly  nnitcd.  No  solder  is  used  in  this  process,  but  a  small 
ortion  of  powdered  borax  is  placed  round  the  edge  of  the  silver 
^  P^event  the  surface  of  tJie  copper  from  bccominj'  oxidated, 
lie  ingot  18  then  ii>lled  until  it  is  reduced  to  the  required  degree 
f  tenuity. 

Plating  on  steel  is  eftected  ratlier  differently.  Tlie  article  (a 
Ksert  knife,  for  example),  having  been  first  broudit  to  the  shape 
Xioired,  is  tinned  upon  its  surface,  and  then  a  slip  ol'  silver  foil 

«f>ldered  on.  After  the  silver  has  been  attached,  the  super- 
Jons  portion  is  removed,  and  the  article  is  finished  up  and 
>lishe<l. 

These   methods  of  plating   have,  however,  been  in  a  great 
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degree  eopcrseded  by  th©^  process  of  electxo-plating,  io  wliich 
silver  is  deposited  Qp>n  the  sitrfaoe  bv  Toltaic  sictioa  (295). 

Silvering  may  be  effected  either  by  the  wtt  or  by  the 
method.  Tlie  wet  method  is  UBuallr  adopted  for  each  pnr[Ki3S 
the  eilroring  of  thermometer  scales.  It  is  generallv  e* 
either  on  bra$a  or  on  copper :  the  &url*ace  of  these  metJi  g 
eleaned  bv  tlippin^^  or  mouientary  irnniersion  of  the  artidnf  ia 
mtric  aaid,  to  remove  the  film  of  oxide  which  always  tic«mi»frai 
expo&are  to  the  atmoiiphere,  even  for  a  iew  hours.  Afler  ritniii; 
thein  in  urater  tm  remove  the  nitric  aeid^  they  are  mbliftl  mv 
with  a  mixture  of  HIO  parts  of  cream  of  tartar,  10  of  fhloriderf 
silver,  fuid  1  part  of  corro&ivo  sublimate.  The  merenrv  Mftfinn 
to  aet  a»  a  kind  of  ^Ider  to  the  silver,  the  ctijiper  combitiiiii  tilfc 
the  chlorine  both  of  the  chloride  of  silver  and  of  the  soUiiiurtj 
the  surface  is  afterwanls  polished. 

Dry  silver! o<;  is  effected  by  dissolving  a  certain  cjoantitT  rf 
silver  in  mercury  ;  the  '  dip^ked  '  articles  are  agitated  with  i  ^ 
tion  of  thi§  amalgam, whicK  thus  becomes  diffueed  uiiifumihow 
the  gorface.  Bv  the  application  of  beat  the  mercury  iisesiifM 
leaving  a  very  tliin  film  of  silver  behind :  on  potieJiiug  the  trinkfU 
a  brigut  silvered  snrt'ace  is  obtained. 

(936)  Sihierinff  of  Mirrt^rs. — Some  of  the  palts  of  silrw  wla 
reoderea  sKgfatly  ammoniaeal  and  mixed  M'ith  certain  oi^tiJ)i(«ili- 
tion:3^  such  aa  aldehyd  and  s^icyloiis  acid,  are  rcdtic^ij  to  tbt 
metallie  state,  the  silver  being  deposited  upon  the  Borfac^uf  sIm 
vessels  in  which  the  esperiment  is  made,  in  the  form  I'f  a  t'itl- 
liant,  adhering,  mirror-like  c<>atinw^.  Mr.  Drayton  s«!)*e  jtara 
ago  prop>5ie«l  to  apply  this  observation  to  the  silvering  of  mimfl 
a}x™  a  lar^e  scale,  ae;  the  coating  adapts  itself  not  onl?  tJ)fl»tsl^ 
tacet.  btit  to  thot-c  slio  which  are  curved,  or  cut  into  patteni 
This  pfi-ioes*  is  niiw  5Ucces«?ftilly  practiiwd  in  Parts,  as  follows:- 
iUih)  grsiins  (>f  pare  neutral  nitrate  of  silver  are  dissolved  in  l^OH 

f grains  of  water.     To  this  si>liition  are  added  :  1st,  75  trains  *)fi  ! 
icjuor  prepareil  tWim  2.5  part*  of  distilled  water,  10  ot  se-qni*" 
Iwnate  of  aranirtninm,  and  1'^  of  a  solution  of  ammonia  of  sf".  ff. 
Ui'^^.*;  :hid,  3v  grsiin*  of  a  solution  of  ammonia  of  tip.  gr.  f\'^\ 
and  3rd,  l?i»it  grains  of  alcohol  of  sp.  in*-  O'SSO.     The  mrrtnrei* 
lel\  at  rest  to  become  clear.     The  liqmd  is  decanted  or  filtered, 
and  a  mixture  <>f  equal  parts  of  alcohol  (sp.  gr.  0'S50)  and  oil  of 
cassia  is  added  in  the  prop>rtion  of  1  part  of  this  essence  ofeasfi* 
to  15  parts  of  the  solution  of  silver;  the  mixture  is  agitated  aw* 
left  to  settle  for  several  hours,  after  which  it  is  filtered.    Jos* 
before  pouring  it  up>n  the  glass  to  be  silvered,  it  is  mixed  widi 
■J^  of  its  bulk  of  t-*.<<'/)'.v  '.f  (.'forvji  (composed  of  1  part  of  oiloi 
cloves,  and  3  of  alcohol,  sp.  gr.  0-S50V     The  glass,  having  been 
thoroughly  deanseii.  is  covered  with  the   silvering  hquid,  aad 
waniUHl  to  .nK^ut  10""  F..  at  which  temperature  it  is  maintained 
for  two  or  thrtv  hours:  the  liquid  is  then  decanted,  and  raavbe 
oinploytxi  for  silvt- ring  otlier  glasses.     The  de]X»sit  of  silver  upon 
tlie  ghiss  is  washed,  dried,  and  then  varnished.     (Pelonze  ana 
Fremv,  Trriite  di  f  ^id  Ed.,  iii.  347.) 
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An  ftlonholic  solution  of  pjape-sngar  produces  the  pnme  reanlt, 

Buhstituted  for  the  oils  of  ca»<sia  and  cloves,  but  the  deposit 

ears  much  more  plowlv.     Liebig's  method  of  reducing  au  am- 

noniacal  solution  of  nitrate  of  silver  alkalized  with  soda  or  potash, 

jj  means  of  niilk-su^ar,  at  orditmry  temperatures,  has  been  euc- 

fully  ap}»lied  by  iSteiuheil,  in  the  following  manner,  to  the  sil- 

berinii  of  mirrors  for  telescopes  {Liehig's  Annai.  xcviii.  132): — 

Jissolve  in  200  measures  of  water  ^  of  their  weight  of  pure 

Sitrate  of  silver,  and  add  to  the  liquid  a  sohitirai  of  caustic-  am- 

uniiia  in  quantity  just  sufficient  to  redissolve  the  oxide  of  silver 

f  liich  is  at  first  precipitated ;  add  to  this  solution  450  measures  of 

iRilution  of  caustic  soda  (of  sp.  gr.  1"035)  free  from  chloride, 

ktid  immediately  redissolve  the  dark  brown  precipitate  thus  pro- 

Jnoe<l,  by  the  cautious  addition  of  caustic  ammonia,  after  which 

iilute  the  liquid  with  water  to  1450  measures ;  ihcn  add  a  solu- 

pot)  of  nitrate  of  silver  till  a  decided  permanent  grey  precipitate 

fonued,  and  finally  pour  in  water  till  the  mixture  oevuj^es 

uictly  loOO  measures:  then  leave  it  to  stand,  and  defuiit  the 

fcleiir  liquid.      Immediately  before  the  solution  is  to  l>e  used,  it  ia 

I  be  mixed  with  an  eighth  or  an  tenth  of  its  volume  of  a  solution 

Df  milk-sugar  in  ten  times  its  weight  of  water.      The  solution  is 

1)0  placed  in  a  shallow  vessel,  and  the  glass  to  be  silvered  sup- 

iirtc'l  just  at  the  surface  of  the  liquid  :  a  beautiful  coherent  tilm 

i>t'  silver  is  deposited  upon  the  under  surface  of  the  glass,  and  a 

■■  ^ious  precipitation  of  silver  occurs  upon  the  sides  of  the  vessel. 

"  uother  very  good  method  of  silvering  glass  is  tliat  of  Petit 

\{Chem:  Gaz.,  1856,  p.  319),  in  which  an  ammoniaeal  solution 

Df  tartrate  of  silver  is  employed  at  a  gentle  heat;  by  using  a 

loiution  of  ammonio-citrate  of  gold,  it  is  easy  to  gild  upon  glass; 

luid  b  a  similar  manner  the  surface  may  be  platinized  if  a  solu- 

pon  of  sodio-tartrate  of  platinum  he  employed. 

!     (i>37)  AUoijH  of  Sihvr. — Various  alloys  of  silver  may  be  ob- 

fwned  with  facility,  but  the  only  one  extensively  used  is  the  alloy 
f  silver  with  copper.  Pure  silver  is  too  soft  for  ordinary  uses, 
jlncb  as  the  fabrication  of  coin,  and  jeweller's  work,  and  would 
•oon  waste*  by  the  constant  friction  it  would  experience.  In  order 
locfmfer  a  enfficient  degree  of  hardness  upon  the  silver,  it  is  com- 
bined with  a  small  quantity  of  copper.  The  proportion  of  copper 
p  the  'standard'  silver  employed  for  coinage  varies  in  different 
poiintries:  in  England  it  amounts  to  7*5  per  cent.,  in  France  to 
J"  f>er  cent.,  and  in  Pri:ssia  to  25  per  cent.  Silver  and  copper 
|n  uniting  to  form  an  alloy  expand  sliglitly,  so  that  tlie  density  of 
Uie  mixture  is  somewhat  less  than  the  calculated  mean.  English 
^«ndard  silver  has  a  density  of  1020,  instead  10'35.  Exped- 
^nw  lias  shown  that  an  alloy  of  silver  and  copper,  however  care- 
My  the  two  metals  be  incorporated,  undergoes  a  species  of  liqua- 
P'>n  during  the  slow  soliditication  of  the  melted  mass  :  when  cast 
No  ingi^ts,  the  interior  parts  of  the  bars  have  a  composition  dif- 
peiit  from  that  of  the  supcrtk-ial  jiortioiis ;  a  circumstance  of 
W^  importance  in  tlic  preparation  of  stiindaid  silver  for  the  pur- 
lof  coinage.     The  only  alloy  in  which  this  partial  eeparatioQ 
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of  the  two  metals  was  fouud  ii-  ■  ■  •  ^, 

,h'  Chlmii:,  HI.  xxxvi.  220),  t- 

2^1  of  c<ip])er,  i'orrt\-<poiiilincr  \^^  tiie  ruriiiin. 

tion  is  comparatively  trifliiji;  iu  aiuuuHt  i 

9r)(.i  parts  of  eilver  and  iipwards  in  lOuO:  in  l)ar«  wl 

larger  proportion  of  silver  than  719  in  lUtH)  of  allf 

portions  ot  the  inijot  were  fouud  to  l)e  richer  than  t 

surface;  but  in  tlie  alloys  of  lower  value  tin 

was  greatest  on  tlie  surfjice  of  the  ingot. 

with  inanv  of  the  uietals  ui  small  quantity,  i»  r. 

unfit  ftir  the  purposes  of  coinage.     This  is  the  ■ 

when  tlie  silver  contains  tin,  zinc,  antimony,  bii>mudi,  lead,  44 

nrseuic.     Tliese  metals  are,  however,  all  easily  reiinivt-ii  iu 

ordinary  course  of  refining.     The  alloy  need  as  a  mtd^r  for  siU 

con.sinta  of  6  parts  of  brass,  5  of  silver,  and  2  of  zinc 

appears  to  have  the  power  of  dissolving  its  eulphide:  •  qc 

of  sulphide  not  exceeding  1  per  cent,  renders  th«  raaa»6<> 

that  it  cannot  he  rolIe«l, 

(93.S)  AMtti/  of  iVV/ivr  hi/  Cuj^Uat!<m. — Fn>m  the  liighi^ 
of  silver,  compared  with  that  of  the  metals  used  to  hanl-'n 
has  become  an  object  of  great  importance  to  be  able  to  il 
with  facility  and  with  aci;uracy  the  proportion  of  silvrt   >\ 
compound.      Jewellers  silver  must  according  to  law  be  of  a  <vr- 
tain  degree  of  fineness.      In  this  country  each  article,  prerk 
to  being  sold,  is  tested  at  (toltlsmith's  Hall,  mid  if  )tppr»» 
Btamped.      The  method  of  testing  commonly  ci- 
atmyinij  ov  cnp^U<itwn.      In  principle  it  de|x>ii- 
erty  which  lead  possesses  of  absorbing  oxygen  at  a  high  tcin|i*r 
ture,  and  of  forming  with  it  an  easily  fusible  oxide,  which  ir 
oxvgen  with  facility  to  all  those  metals  which  yield  oxic 
reducible  by  heat  alone.     Most  of  ti\e  oxides*  thus  foriucd 
with  the  oxide  of  lead,  and  produce  a  fusible  gla-^s  wlii«'fi  i*  ••*iil 
absorbed  by  a  porous  crucible  made  of  burnt  bcn)' 
whilst  any  silver  that  the  mixture  contains  i> 
bright  globule,  which  admits  of  being  accurately  weighoti.      ']'« 
cupel  and  ita  content*  are  shown  in  eeetiitii  in  ! 
Fio.  358.         353,      The^e  cupels  are  prepared  from  bone 
(bunjt  to  whiteness,  and  ground  to  a  tiiie  po* 
by  moistening  it  with  water :  a  suitalde  qnant 
the  mixture  is  placed  in  a  moiihl.  and  tli 
form  and  colierence  is  given  to  it  by  flif 
mallet  or  of  a  press:  the  cupck  are  allowed  to  dry  tl 
before  they  are  used.     The  Jtssay  may  be  conducted  up":    ,^_ 
ties  uf  silver  vai*jing  from  1<)  to  20  grains  in  weight.      Thfifl 
of  proceeding  is  as  follows : — In  a  convenient  fiimnce,  enell 
shown  in  section  at  a  a,  fig.  855*,  is  placed  a«>  earthenware  on 
mufHe,  «,  of  semi-cylindrical  form,  closed  at  one  eml 
the  other,  with  slits  in  the  sides  to  allow  the  freocin 

*  Oxiilee  of  tin,  zinc,  nickel,  and  Iron,  do  not  form  •  l\i8iblc  r«mt>(tMU 
Iftliarp',  and  Ih?  oUnjf*  whitA  these  metnlii  ytnld  with  •Uror  M*  ouaiMliI 
sdAptcd  Tot  cupeVUk\Vcyiu 
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Rir :  npon  the  floor  of  the  muffle,  a  number  of  cupels  are  arranged 
in  rows,  and  the  temperature  is  raised  to  bright  redness.  Equal 
{►ortionsof  tlie  various  samples  of  silver  to  be  assayed  are  iu  the 
tneaiititue    accurately 

weiphe<l,  and  \vrap]>ed  ^<*-  *59, 

fn  u  <iuuTit.ity  of  ]iiire 
thin  jtheet-lead,  the 
•Weight  of  whicli  va- 
ries with  tl»e  purity  of 
the  alhiv;  flie  larger 
the  priipiiiiiiiii  ot  t<ir- 
C'ijjn  nic'talii  thatitcoii- 
tain.n.  the  greater  is  tlie 
quantity  of  lead  nee<l- 
ei.  Each  piece  for 
aesay  is  now  placed  ia 
it*  allotted  cupel,  by 
means  ^^i  a  long  ]>air 
of  tongs.  It  rjuickly 
ftisot :  ftunes  of  oxide 
v»f  lead  arc  seen  rising 
from  tlie  cu]>els,  but 
the  greater  part  of  the 
oxide  is  absorbed  by 
the    cupel,    and    the 

(silver  is  left  behind  in  a  state  of  purity.  At  the  moment  that  the 
lat>t  jMirtion  of  lead  undergoe.'*  nxidation.  the  surface  of  the  silver 
tlji*>he!»,  or  liglitens  as  it  is  twhtiieidly  tonned,  owing  to  the  cause 
already  ex]>ljiined  (892).  This  ]>]icn<>menon  indicates  that  the 
pr«:H'css  is  completed.      The  butti>n  is  allowe<l  to  cool  very  gradu- 

I  illy,  to  prevent  tlie  loss  of  silver  by  di.-^persion  from  yntting  (931^  ; 
it  IB  then  detached  from  the  ciijiel,  brushed,  and  accurately 
weighed.  If  the  piece  of  alloy  originally  taken  weighed  10 
griiins,  the  weight  of  the  ]>utton  in  hundretlths  of  a  grain  gives 
the  nund»er  of  parts  of  silver  in  1ii(K1  purts  of  allov.  A  minute 
qtiutitity  («f  silver  always  passes  into  the  cupel  dnnng  the  process, 
fiir  which  an  allowance  must  be  made  in  weighing  the  button  ; 

iar»l  if  the  jiroportion  of  lead  Ijc  too  great  this  loss  is  iiiorciiscd, 
Lut  if  too  little  be  used,  part  of  the  copper  is  Ictt  iu  the  bead. 
Upon  an  alloy  which  contains  925  parts  of  silver  to  T.i  of  copper, 
the  loss  i?  about  4  per  lOOO;  and  uj>on  silver  which  contains  900 
parts  in  li'OO.  the  loss  on  the  button  is  alx>ut  5  jmrts  in  1000.    In 
order  to  be  able  to  estimate  the  amount  of  this  loss  in  each  opera- 
tion, the  iK-st  ]dan  is  to  pa.'?«  three  or  four  7>rw/Iv,  with  each  set  of 
nwuys.       These  proofs  consist  of  pieces  of  tine  silver  uf  known 
vreight,  which  are  mixed  with  tpiantities  of  lead  and  <:op})er,  a))- 
pro.ximativoly  of  the  same  amount  as  those  present  in  the  assays 
iiti.i,.,.  (fial.     The  loss  experienced  by  these  proofs  affords  a  method 
•  •king  the  resultj?  of  the  assay.     The  amount  of  this  loss 
vanes  with  the  temperature. 

'i'Ut  most  cottvcmciit  system  of  reporting  the  tluciiesfe  ol  g\- 
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ver  is  tlie  decimal  inetliod,  wliicli  is  eniidoye«l  in  inuet 
with  the  exception  of  England.     The  pnictice  ut'  r.  n  .rt.r 
gold  and  silver  decimally  was  intruduoefl  a  few  ^ 
J.  Ilerschel  into  the  Mint  of  this  coiintrj',  and  i 
gradually  snperaode  the  cumbrous  and  artificial  i'  vi 

Btill  generally  employed  by  the  Kngli.<li  a**ayers>.  L  ji.-ii  ttiF' 
cinial  system,  fine  silver  iis  termed  KmiOmj,  and  tlio  report  m 
anytianiple  of  alloy  Bim[ily  indicates  the  number  of  p 
eilver  in  lOOi)  wJjieli  it  eontains.  Thus  English  »taii 
contains  925  pajts  of  silver,  and  75  of  copper  In  100(J  of  the  al(| 
French  standard  contains  9U(>  parts  of  eilver.  and  lOO  of  cop 
in  1<»()(I  of  alloy.  En^rlisli  standard  would  therefore  bo  rcpol 
hi  925  ;  Freiieh  standard  iis  SKH). 

The  proportions  of  lead  winch  are  generally  employed  forj 
cnpellation  of  ditferent  alloys  are  the  following  : — 

If  lOOn  parts  of  the  alloy  eontwn  It  will  rwjtiirr  -'  '-  ■' 

100(1  partfi  of  fine  silver  ......        half  its  wli. 

960  "  3  times  ite  weigitt. 

925  «'  .  ^  " 

900  "  7  « 

850  "  .  9  « 

800  «  10  «* 

70Q  "  13  " 

600  «  14 

500,  nr  lesa  "  1<5   or  17  " 

A  skilfid  aasayor  will  generally  be  able  at  onee  to  dotennhtt 
the  comparative  fineneA.s  of  an  article  from  ite  mere  appearaae 
and  will  jud^e  accordingly  of  the  proportion  of  IcjmI  u'     " 
require.     Great  care  is  needful  \n  regulating  tlie  teiti; 
the  furnace  during  the  cnpellation  ;  if  too  liigii,  a  par' 
ver  will  be  lost  by  volatilization  ;  if  too  low,  porti"Mi 
copper  are  liable  to  be  retained.     When  the  »- 
performe<i,  the  button  is  brilliant,  well  rounded,  fitu  ...... 

taritics,  and  somewhat  granular  u|)on  h&  surface :  it  ie 
deta<:hed  from  the  cupel.      If  the  assay  adlu-rfj?     '         \', 
cupel,  or  is  irregular  in  its  outline,  it  retains  a  p'>i 

(939)  ^Itism/  of  Silver  by  ihc  Humid  Prix- 
the  proees.sof  the  assay  by  cupellation,  even  in  ■ 
may  vary  a.«  much  as  2  parts  in  KHJO :  this  cireuiustanee  indi 
Gay-Lussnc  to  contrive  a  dift'erent  method,  wliieh  is  now  «dnf 
not  onlv  in  the  French  Mint,  l>ut  is  emploved  in  the  MintAj 
(rreat  tiritniu  and  the  United  States,  a«  well  m  in  alni*«Htj  ~ 
Mints  of  Europe ;  it  admits  of  an  accurate  estimate  of  i\ 
of  an  alloy  to  within  0-5  in  1000.     Tliis  p' 
solution  of  the  alloy  in  nitric  acid,  tl>e  pr. 
frosn  the  nitrate  in  the  form  of  an  insdhil'le  i-liluride. 
measurement  of  the  amount  of  a  stjindanl  -ilntlnii  ,.f'rL1i> 
sodium  which  is  reijuired  to  eH'eet  the  V"  r| 

the  silver  iti  a  given  weight  of  the  alloy.  K  ■. .•.,.■,■ 
collects  \ulo  AcTVife  l^wiyuU  by  atjitatiou  in  a  so! 
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Fig.  3C0. 


aciilnlated  with  nitric  acid,  and  which  contains  no  excess  of  so- 
luble chlorides ;  m)  tliat  the  exact  yioint  at  which  the  precipitate 
ceases  to  he  formed  is  readily  perceived. 

A  siilntion  of  cuiiiinoii  salt  is  prepared  of  such  a  strength  that 
1(K)0  jj;r!iiii9  of  it  are  exactly  srilticieTit  tn  pi"etM]>itate  10  grains  of 
pure  Bilver.  10  grain*  «.»f  the  ulh'V  for  exanunation  are  placed 
111  a  stoppered,  bottle  caimble  of  holding  alxiut  (!  oz.  of  water,  and 
by  the  aid  uf  a  gentle  heat,  are  dissolved  in  2  drachms  of  nitric 
Hfid  of  iJpecific  gravity  1'25  :  tlie  s(dution  of  salt  is  tlien  placed 
in  ft  burette  (tig.  ;3(>i>)  capable  of  holding 
rather  more  tlian  1(M>0  gniins.  The  bu- 
rette, when  tilled  with  the  i^olntion,  is 
weighed  Itef'jrc  being  used,  and  the  li- 
oiii<l  is  added  to  the  nitrate  of  »ilver  in 
the  bottle ;  when  it  is  fiU]>po9e<i  that  the 

^  silver  h  nearly  all  jireeipitated,  tlie  liquor 

IH  18  briskly  agitated  in  the  b<»ttle,  and  the 

ii      precipitate  is  allowed  to  subside;  a  drop 

u      or  two  more  of  the  sulntion  of  salt  is  then 

h   added:  if  a  precipitate  be  i^'tKliR-ed,  the  liquid  is  again  agitated  ; 

^^.9.nd  when  clear,  more  of  the  solution  is  added,  as  before,  so  long 

^■ta  any  turbidity  is  produced  by  the  addition.      When  a  cloud 

^^^ense?  to  be  formed,  the  ]irt)ix>rtion  of  wdntion  of  salt  whi<h  has 
been  added,  is  ascertained  by  weighing  the  burette  a  second  rime. 
The  number  of  grains  of  the  solution  employe«.l  imlicare*  the 
degree  of  tineness  of  the  alloy.* 

When,  ns  in  the  assay  of  bai-s  for  coin  or  for  jeweller's  woi'k. 
a  large  number  of  assays  must  be  executed,  all  very  nearly  of  uni- 
form fineness,  theoi^eration  may  be  reduced  to  a  system  Ity  which 
it«  precision  may  lie  increased,  at  the  same  time  that  it  is  ren- 
dered much  more  easy  of  execution.  For  this  purpose,  two  fio- 
Intions  of  salt  are  employed;  one,  the  standard  sohitimK  <-on- 
taining  in  1000  grains  a  siifiieient  quantity  of  commercial  chloride 
of  sodium  to  precipitate  10  grains  «if  silver;!  the  second  suhition. 
the  fl^rimnl  solution,  hnving  O7io-t.enth  of  the  strength  of  tin-  tii^t, 
aiiil  being  prejiared  by  diluting  1  pint  of  the  stamlard  sobitictu 
with  9  pints  of  water.  These  solutions  are  to  be  preserved  in 
wpll-closed  bottles.  The  standard  eolntion  is  prepared  in  large 
ijuantitica  at  a  time,  and  kept  in  stoneware  jars,  a,  fig.  361,  ca- 
pable of  containing  20  or  25  gallons:  h  is  a  tul)e  open  at  both 
ends,  which  passes  nearly  to  the  bottom  of  the  jar,  to  admit  air, 
vrliil.st  the  liquid  is  drawn  otf  by  the  stopcock,  e,  without  allowing 
any  h^ss  by  evaporation  ;  rZ  is  a  gauge  by  which  the  quantity  oi 

•  In  tVif  i^'.i.-iittfi  Mint  this  precipitate  ia  waRtied  hy  subsidonoe  :a  ttie  vessel  in 
wtilcb  it  and  18  then  coUerted  in  a  Bmsll  porcelain  crucible,  as  ia  the  pro- 

re*^  r.f  ,  .-..id,  in  the  operation  of  parting  (958).     The  cUoride  is  dried,  wid 

lb"  auJ  the  correspondiuK  value  of  the  silver  is  cHlculated. 

il.inn  pontnina  npprorimatively  .330  gjftinn  of  chloride  of  Rodinm  ta  a 
titjiins  cliloride  of  raaprneniura,  the  '  '  '  Nu'th 
'  irrains  of  fine  silver  in  acid,  ami  i  ^  it 

^»^._.i .    .    .        - L  solution,  aBcertaining  the  nmoiiui.  ; _ cse 

fncy  of  eliloriiie  In  the  manner  about  to  be  detniJed,  and  then  addiuq:  wntei 
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liquid  witliin  is  indicated. 
Fio.  361. 


uJ 


1^ 


-^4, 


A  Beries  of  bottler,  capuide  of  imb 
taitiiitg    abont    0    flni^ 
oanees^   each,    i»    ^lU 
with    gruuiiii    ftto^u 
nuralHTotl  cot 
from    1    iJi)NViu-tLk  ;  i 
each  iKittJf  li»  irr 
the    Jkllny 
weijjhfd;   . 
nitric  n<-id  nre  adiied 
each    bottlCf    Ailili-l. 
placed     ill     tt 
voesel  fnntainiiii.- 
and  grudiiallv  raL 
tlie     1.    ■' 
ten    II! 
is  coin 

the  silver  in  tb*.*  t'HTu  m 
chloride  is  tht-n  ■''■ 
by  the  aid  of  lb 

tus  ui>%v  !•>  lHfdt-<TV 
— </.  tig.  IU!1.   ie 

nlKtl  with 
solution.     Tlif 
of  liijiiid  intnx! 
tlti.'  iiipette  U)  . 
by    lueaiift  of  im-  -^'s- 
cook.  « /',  the    {•<fiiliir 
cunHiruetiori  (»f 
eliown  tm  a  lur_ 
in  fig,  •>**'2;  in  wi 
represents    iin    < 
Btopcock  (constructed  of  silver  t«)  resist  the  action  of  the 
tcnninating  below  in  a  long  tube.  *•;  «i 
opening  for  the  i^oitto  of  nil",  which  eaii  J*  dc 
nt  |ilc"!i-iure  by  the  pluir, 'i.  Sn|»|)ooc  it  Im)  ill 
to  fill  the  pii>et.te,  j/,  tig.  3t51  ;  tht-  |i.Wfro 
of  the  pipette  Is  elot^od  by   the  t"( 
Bolution  h  a<hnirtcdby  opening  fin 
whilst  the  air  ejjcapcs  at /\  wliich  fc»  oin 
Boon  as  the  liquid  iia»  riaon  a  little  abtr 
nifirk,  n,  both  the  ftopciK-k,  e,  and  tUo 
at  ,/"  nre  closed,  and  tlie   finger  ii»  withtl 
In  this  positiim  the  pi|M'tte  will  rrtain  itai 
for  an   indefinite  tiuje.     Tlie 
Bente<l  at  in  I  i»  intended  t<'  ' 
eni|ityi?ig  of  the  pipette: 
easily  iM-rwfi.n  tMi.  .»nH.\  ( 


Fio.  362. 


/ 


for  the  reception  of  the  assay  l)otile,  so  adjusted  that  when 
tray  rests  against  the  stop  w,  the  jiijiette  sliall  empty  itself 
nto  the  Iwtlle  withinit  wettitis;  its  neek  ;  /  is  another  coinpart- 
uent  lor  receiving  the  fiujierfliums  suhitlxn  vt'  ealt,  and  X"  rcpre- 
lents  a  piece  of  sponge,  the  olycet  of  M'hieh  is  to  remove  tlie 
Irop  which  hangs  to  tlie  hjMer  end  of  tlie  pipette;  the  Ktop  Z 
8  so  placed,  tliat  when  the  slide  ivst.<  airainst  it,  the  sponge 
hall  just  tonch  the  lower  extreniity  of  the  pipette.  The  sponge, 
:,  having  heen  brought  to  touch  the  lower  end  of  the  jiipette,  the 
>lug  at  /'h  slightly  relaxed  to  allow  the  air  to  enter,  and  a  jwir- 
;ion  of  tlie  liquid  madually  to  escape,  until  it  1iji>  fiillcii  exactly 


U> 


I 


the   mark  n.     The  sli<le  is  now  moved    until   the   bottle 

directly  underneath   the   pipette,  and   on   oi>ening   tlie  plug 

'  to  its  full  extent,  the  charge  flows  freely  into  the  bottle. 

upjHtfie  now  the  ob- 


Fio.  363. 


mnu: 


t  ot  the  astray  he  to 
ascertain  whether  a  cer- 
tain numl>er  of  baif  be 
of  the  fineness  of  Eng- 
lish standard  silver,  or 
if  not,  what  is  the 
jimount  of  their  varia- 
tion fntm  standard.  The 
pipette,  ff,  is  so  gradua- 
ted that  when  tilled  up 
to  the  mark  h,  it  shall  de- 
liver exactly  022  grains 
of  the  standard  solution, 
which  will  contain  a 
euliicient  amount  of 
common  salt  to  precipi- 
ta.te  9'22  grains  of  sil- 
ver; a  quantity  which 
5s  purixisely  rather  less 
than  the  a.ssay  is  expect- 
ed to  contain  ;  10  grains 
of  alloy,  if  of  correct 
composition,  containing 
9-25  grains  of  silver. 
"When  each  bottle  in 
succession  has  received 
from  the  pij)ette  a 
chaise  of  exiictly  the 
came  value,  the  bottles 
«re  transferred  to  the  agitator,  shown  at  fig.  36.3,  which  is  sus- 
pended from  an  iron  arm,  d,  l)etween  two  strong  springs,  e,  e. 
made  of  vulcanized  caoutchouc.  Tiiis  agitator  is  usuallv  con- 
etructc<1  to  contain  10  bottles,  which  are  hxlircd  in  the  (■oni])art- 
ftients,  <7,  a;  the  stoi>pcrs  are  secured  in  tliiir  idaccs  by  the  rims, 
\  h,  one  of  whidi  is  represented  in  the  figure  as  throw  n  l)a<k  for 
►he  admission  of  the  bottles;  the  rims  when  closed  are  c/uitiued 
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Fat.  30-L 


by  the  B])rinp?  shown  at  c,  c.     On  '  App«ui*lu» 

for  00  or  SO  second?,  the  sohitioii-  ir,  and  th.' 

are  removed  from  the  agitator,  and  tmnsferivd  to  u  \i 

which  is  a  black  boiird  divldetl  into  10  numbered  *...., 
each  bottle  being  placed  opjxwitG  the  compartment  which 
sponds  with  its  number. 

The  adjustment  of  the  remaining  jKirtiim  of  tlie  r»syiy  i* 
by  means  of  the  </«•/«*" 
contaitieil  in   a  small    1.' 
oiuiees  ill  eujiacity,  tig.  H*i4,  proviiit 
a  tube  or  small  pipette,//,  opennl  tiot 
but  drawn  out  to  a  njurow  Hpertiircl 
On  thi^  small  pij>ette  a  mark,  r,  U 
a  height  cMrrcsiKinding  exactly  to  10  j 
of  the  liquid,  1"  grtiiii»  nf  this  ^ilutk 
taining    sutticii-nt    chlorine    to    pr 
O'Ol  grain  of  Bilver. 

The   tits^iver   now   plnnges   tbi» 
pipette  into  t1ie  decimal  t^lali<m,  juid  ri 
mg  the  upper  opening  of  the  tuljc  with  ' 
forefinger,  partially  withdraws  it  fiviu 
bottle,  and  allows  the  li<piid  to  t^cafK.'  until  it  nt  ■ 
the  line  of  the  graduation,  c ,'  he  then  traus^fcrs  tin 
first  bottle,  and  allow;?  the  i^tdution  ti>  flow  into  it.      llic 
operation  is;  reiwated  with  each  jushiiy  Imttle  in  t.oc<«r.-;-{rin. 
mark  is  next  made  with  a  piece  of  chalk,  ■)])jK»6ite  to  ■ 
in  which  a  precipitate  is  occasioned.     These  iKittlc*  a.%    ;.. ... 
placed  in  the  agitator  and  eliaken  a  se<'ond  time ;  the  6iduti« 
having  thu.-  again  been  rendered  clear,  arc  ?■  - '       1  a|K»n 
table,  anil  a  second  pipette  of  the  decimal  f-  ~  s'idnLj 

each  of  the  bottles  in  which  a  ]>n'i!ipitate  ii*  tiisi  jiiuiluccvL 
operation  is  rei>eateil  until  in  each  l)ottle  no  further  prccipT 
occasioned.     The  content*  of  the  pi|iette,  <j,  of  the  «tanilnr 
tion,  which  have  l>eeii  addcil  to  each  as.-4ay,  occajxion  a  jif 
out  of  the  10  gniinfi  equal  to  9'22,  or  ot  HiJii  jiarts  out  of\i 
part*  of  alloy.     Each  pipette  of  decimal  s<dulion  \*  (X]uiv»li'titl 
■fpVo  of  ^'^i-^  silver  in  the  alloy,  uud  by  counting  the  numlicrj 
marKs  against  each  bottle,  reckoning  the  hwt   only  a& 
hidf  a  thoiisumith,  since  a  jxirtion  of  it  jirobubly  rciTifiiTi*^ 
liquid  in  e.\ces>»,  the  asAaycr  «.Hcertain«  the  vab' 
for  instance,  two  marki;  etand  opjxvsitc  to  any 
of  the  bar  will  be  more  than  023,  but  less  thoii  y^H^  atid  iiuy^ 
reported  as  5)23*5. 

J^lt  suppose  that  thoi-e  be  aome  bottles  in  which  the  wfdit 
of  the  tii-st  pipette  of  the  decimal  solution  pn)dii< 
tatc  ;  these  saniplea  must  be  cither  exnctly  of  thp  t 
below  that  ^>oint.    The  follow!' 
the  assay  >>t  these  sample ;  »  ' 
by  difisolviiig  in  grains  of  pure  silver  in  nitric  bci' 

it  with  ili.»fi]fcd  water  till  the  solution  occupies  the  '. 1^1 

graiti-iuciVsurcfe  of  vcax^x  \  intzh.  10  groiu^  uf  tlu«  Hiiuid  will  i 


tontain  exactly  0-01  grain  of  silver.  A  bottle  of  tins  solution  is 
pn>viiled  witli  a  pipette  similar  to  that  6li«^>wn  in  fig.  364,  but 
graduated  to  deliver  50  grains  of  the  liquid  ti'oni  the  mark  d. 
xlach  of  the  assay  bottleti,  which  indicates  a  iiiit'net^.s  below  922,  is 
8U})pl4ed  with  50  crrains  of  this  ileeimal  esilver  solution,  or  with 
0'05  grain  of  silver;  a  mark  of  — 5  is  made  upon  the  board 
against  eueh  of  these  bottles.  The  bottles  ju'e  then  agitated  as 
before,  and  a  tretrh  dose  of  10  grains  of  the  de<*inial  mlt  solution 
is  now  added  to  each  :  if  a  cloud  be  tiuii*  produced,  a  mark  is 
(iialked  against  each  bottle  in  whieli  a  preci])ilate  is  olwerved, 
and  the  bottles  are  again  agitated,  and  another  dose  of  decimal 
ult  liquid  is  added,  and  60  on  until  a  precipitate  ceases  to  be 
formed.  Sup])use  tliat  tlie  fii"st  two  pi]>ettes  ot  the  solution  pro- 
duce a  cloud,  but  that  the  third  does  not ;  ea«'h  bottle,  it  will  be 
reiuembered,  received  a  dose  of  salt  soliition  in  tlie  first  instance, 
;Ss  usual,  in  addition  to  the  quantity  received  after  the  decimal 
eilver  solution  M-as  added;  the  quantity  of  salt  whicli  lias  jirmhued 
a  precipitate  is  tlierefore  equivaUnit  to  922 +  1  +  1^,  or  lt24-5  ;  but 
feince  5  of  silver  have  also  been  ad<led  l>ey*>nd  thnt  which  the  alli>y 
l>riginal!y  contained,  tlie  amount  to  be  reportoii  becomes  924'5— 6, 
or  the  fineness  of  the  bar  is  l>l!t-5.  It  is  preferable,  in  eases 
vhere  the  bars  are  beluw  tlie  standard,  to  add  an  excess  of  silver 
solutii'ti  at  once,  and  then  to  estimate  the  excess  of  silver  in  the 
manner  above  described  ;  because  if,  instead  nf  acting  thus,  suc- 
cessive doses  of  O'Ol  of  silver  be  added  until  no  further  jirecijii- 
tate  is  formed,  it  becomes  very  difficult  to  render  the  solution  clear 
by  agitation. 

The  standard  solution  of  salt  is  prepared  at  a  temperature,  say, 
of  <>0",  consequently  the  pi|iette,  «/,  will  ordy  deliver  a  vobimeof 
liquid  rigorously  equal  to  '.)'22  grams  of  silver,  at  that  tcnipeniture. 
At  a  higher  temperature  the  liquid  will  expanrl,  and  a  given 
Volume  will  therefore  contain  u  smaller  antuunt  of  chloride  of 
6t>diuin,  whilst  at  a  lower  temjierature  it  will  contract,  and  will 
contain  a  larger  amount.  A  correction  for  this  variation  in  the 
.strength  of  li([uid  is  therefore  required.  This  is  made  very  simplv 
in  tlie  following  manner: — Each  time  that  a  nund)er  of  assays  is 
made,  a  ]>iece  of  tine  silver,  equal  to  '.♦•25  gruins,  is  wcighe<J  i>ft', 
dis8olveil  in  nitric  acid,  and  assayeil  as  above  directed.  The  num- 
ber of  pipettes  of  the  decimal  sobitioii  of  salt  which  is  rccjuired 
to  complete  the  preci]ut:ition  is  noted,  and  the  value  of  the  con- 
tents of  the  large  [iipette,  <j,  is  thus  verified  upon  each  occasion. 
If,  for  example,  2|-  pipettes  were  required  tor  completing  this  pre- 
cipitation, the  large  [)ipette  wouhl  <leliver  a  quantity  of  the  solu- 
tion sufficient  to  precipitate  5>"225  grains  on  that  dny,  instead  of 
y'22.  Any  deviation  from  tlie  calculated  vubie  is  allowed  fitr,  and 
a  correction  is  made  upon  the  assays  l>y  means  id'  a  table  con- 
Btroeted  for  the  i>ur]iosc. 

It  is  easy  to  apply  this  apparatus  to  the  assay  of  silver  of  other 
iegreefi  of  fineness  ;  but  it  is  necessary  to  know  aiquoxiiaatively 
the  value  of  the  alloy,  in  order  that  a  suitable  weight  of  it  may 
be  dissolved  in  nitric  acid.     Suppose,  for  instance,  a  number  of 
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bars  approxinmtively  of  the  value  of  900  (tin-  rr 

are  to  be  as-sayod;  u  piece  of  the  alloy,  which  eoi 

mativcly  9'-5  graiiih  of  line  silver,  musit  he  t:' 

renuirea  is  easily  calculateil,  since  the  vvoijjlit  ••  n 

will  l>e  inverudy  us  its  linenes* ;  fur  UOO  :  j)25  ; :  In  tjr*, :  to: 

The  weight  requii*ed  in  tliis  case  will  consequently  hf  l(»-277 1, 

Mercury  Ib  the  ouly  metal  the  ]>resence  o{  which  iatur^j 
with  the  accuracy  of  the  assay  hy  tl»e  huiin'd  incthoil ;  hut  the 
cess  jnuy  he  inmlificd  so  as  to  tjive  coiTect  results  even  in  this 

(9-tO)  PrcjHirat'inii  of  Fine.  Silver.  —  lu  oixler  u| 

going  process  shall  he  accurately  perforinod.  it  \f-  < 
provided  with  silver  of  aljsolnte  purity.     Tiiefidlo' 

method  of  ])rocuriug  the  metal  in  this  condition.     > 

is  dissolved  in  nitric  acid :  the  liquid  is  diluted.  an<l  decar 
filtered  from  undissolved  particles  of  gold  ur  of  giilnhideuf^ 
and  the  solution  is  precipitated  hy  the  addition  of  a  b<<>liitioQ{ 
chloride  of  scHlium  in  slight  excess.     The  preci]iit;it 
a  large  jar  hy  subsidence,  until  the  wa.-^hings  are  i 
chloride  is  tlieu  mixed  witli  <>il  of  vitn4tl,  in  the  pntportiou  fd 
ounces  to  each  pound  of  chloride,  and  several  burs  of  zinc 
placed  in   the  mass:  the  zinc  speedily  be<rome3  converti«d  in 
chloride  of  zinc,  which  is  dissolved,- whilst  the  silver  is  rifliic 
to  the  metallic  state,  and  hy  a  voltaic  action  the  rwluetion 
dually  extends  through  the  mass ;  Zn  +  2  AgCI  =  Ag,  +  Hn( 
The  mixture  is  not  to  be  agitated.     In  the  course  f»f  a  dnv  or  I 
the  decoinjKisitioii    is   usually  complcteil.       If  a 
redm-ed  silver,  after  U'ing  thoroughly  washed,  is  v 
in  nitric  acid,  the  re(hiction  is  complete.     The  barn  of  zinc,  w| 
the  crust  which  adheruB  to  thetn,  are  then  can-fully  rj'inovt^l, 
the  retlnced  metal  is  digested  for  two  days  with  diluted  i>ulphi 
acid,  to  remove  any  portions  of  tlie  ba^ic  ■  '        '  '  '  " 

occtiiiionally  fornie»l,  and  is  washed  in  a  hir, 
until  tlie  wa-sliings  cease  to  precipitati"  niliiitc  of  f.ilvi!r.*J 
reduced  silver  is  now  rcdissolved  in  nitric  acid,  and  a  secor 
precipitated  sis  chloride,  pure  hydnichloric  Hci<l  beitig  emplo^ 


pre 

Bidence  until  the  washings  no  longer  redden  litmus.      The  «Jil 
rido  of  silver  is  next  <lrie<l  until  it  ceases  to  lose  weight,  10<>i 
of  the  chloride  are  mixed  with  70'4  of  t-halk,  and  4**2  of  |.m»wui 
charcoal,  and  the  mixture  is  heated  in  a  deep  clay  crucible. f; 
temperature  is  kept  at  a  dull  red  heat  for  half  an  hour,  iif>e>r' 
it  is  gradually  raised  to  full  redness :  a  coiiiildcrable  di 
ment  of  gas  takes  place,  owing  to  the  evolution  of  carlxin 
dride  and  carbonic  oxi«lc,  and  oxychloride  of  calcium  is 
constituting  a  fusible  slag,  Ixineath  wliicli  tlm  pure  silver  crt! 

2  Agci-)-2  euC9.+e=ee+2ee.  +  eao.^uci,  +  Ag.. 

*  TLp  rcdiicsed  sllvor  may  1>6  drie'l,  »nd  ca*t  Into  in 
noflned  ia  Inr^'c  i)uiitir.it!oi<i  for  cotTttttprnnl  inirpoxon  iti 

Intel)'  fiiirfi,  Diiil  llirnil'nrf    i  m;<.,iI  operntion.",  il  uhUli^o^.*  tLc 

jirooepfl  f'f  |iiirilli-jiioti  dct* 

f  Till' w)t5lii><1  (.'liloridc-  III. IV  ,ii~i iimIiipimI  without  ilifllcullj  bj  hiaiuB 

about  lvu\r  its  \VL-\y^Vi\.  ot  litVcA  cntboi^ate  uf  »o<l^mii. 
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MOnst  may  be  poured  into  an  ingot  monld,  remelted  in  order  to 
,Aee  it  from  slag,  and  afterwards  rolled  into  sheets.  Silver  suffi- 
ciently pure  for  all  ordinary  purposes  may  also  be  obtained  in  a 
MTstallme  form  by  boiling  a  slightly  acid  solution  of  nitrate  or 
otner  salt  of  silver  with  sheet  copper :  the  precipitated  silver  is 
"Well  washed,  digested  in  a  solution  of  ammonia,  to  remove  any 
traoeB  of  adhering  oxide  of  copper,  and  again  washed. 

(941^  OxTOES  OF  SiLVKB.— Silver  Ibrms  three  oxides ;  a  sub- 
oadde,  -A.g,0;  ai^ntic  oxide,  Ag,0,  which  is  the  basis  of  the 
■aka  of  tlie  metal ;  and  a  peroxide,  probably  Ag,0,,  wliich  does 
Hot  combine  with  acids. 

Argentoug  oxide,  or  Suboxide  of  .silver  (Ag,0,  or  Ag,0). — 
^ooording  to  Wdhler,  if  the  citrate  of  silver  be  heated  to  212  in 
»  current  of  hydrogen,  the  salt  loses  half  an  equivalent  of  oxygen, 
and  a  componnd  is  produced  which  is  sparingly  soluble  in  water, 
forming  with  it  a  brown  solution,  from  which,  on  the  addition 
of  hydrate  of  potash,  a  suboxide  of  silver  is  precipitated.  This 
oompoimd  is  veir  unstable ;  hydrochloric  acid  converts  it  par- 
tially into  subchloride,  but  it  is  decomposed  by  other  acids,  and 
by  ammonia,  into  argentic  oxide  and  metallic  silver.  A  mixture 
OT  metallic  silver  and  argentous  oxide  is  also  obtained  by  boiling 
the  yellow  arsenite  of  silver  with  a  strong  solution  of  caustic  soda, 
aneniate  of  sodium  being  formed  in  the  liquid,  2  Ag,ABO,-|-6  Na 
He= Ag,0+ Ag. + 2  NajAsO, + 3  H.O. 

Argentic  oaeide,  or  Protoxide  of  siher  (Ag,0=232,  or  AgO 
=116):  Cornp.  in  100  parts,  Ag,  93-1 ;  O,  69.— This  oxide  may 
"he  procured  by  adding  a  solution  of  potash  or  of  soda  to  a  solu- 
tion of  the  nitrate  or  any  soluble  salt  of  silver.  A  brown  hydrat. 
ed  oxide  falls,  which  readily  parts  with  its  water,  and  if  dried 
at  a  temperature  above  140°,  becomes  anhydrous ;  it  gives  off 
Oxygen  below  a  red  heat,  and  is  reduced  to  the  metallic  state. 
Light  also  reduces  it,  and  hydrogen,  even  at  212",  has  a  similar 
eroct ;  contact  under  water  with  metallic  tin  or  copper  also  de- 
prives it  of  oxygen.  Oxide  of  silver  is  a  powerful  base ;  it  com- 
bines easily  with  acids,  yielding  salts  wluch  in  some  cases  are 
ieomorpIionB  with  the  corresponding  salts  of  sodium.  It  forms 
with  mtric  acid  a  salt  which  is  not  acid  in  its  reaction  upon 
litmos.  It  is  slightly  soluble  in  pure  water,  to  which  it  com- 
mnnicates  a  feebly  alkaline  reaction.  Oxide  of  silver  combines 
with  the  fusible  silicates,  and  is  sometimes  employed  for  produc- 
ing a  yellow  glass.  Hydrates  of  potash  and  soda  do  not  dissolve 
the  oxide,  but  it  is  freely  soluble  in  ammonia,  and  the  solution, 
hy  exposure  to  the  air,  deposits  a  black  micaceous  powder,  which 
ispowerfhlhr  explosive,  av-^  which  has  received  the  name  of  fiil- 
ounating  silver. 

(942)  Fukninaiing  silver  is  also  produced  if  a  concentrated 
Solution  of  ammonia  be  digested  for  some  hours  upon  freshly  pre- 
cipitated oxide  of  silver ;  a  black  powder  is  formed  wliicli  is 
allowed  to  dry  in  minute  quantities  on  separate  pieces  of  filtering 
t>aper.  The  same  compound  is  formed  on  precipitating  an  am- 
tuomacal  eolation  of  nitrate  or  chloride  of  silver  by  the  addition 
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of  hydrate  of  potash.     It  is  necoasary  to  he  avrare  of  the*e  f«rt*? 

as  it  is  a  most  dangerous  suljstaiice,  and  might  be  producwl  un- 

interitiouftlly.     Friction   or   proiisiire,  even    wl 

occa!.ii.<ii3  it  to  exiilodo :  and  when  drv,  itsdef" 

without  any  assignable  onuse.      Acids   initm 

it  into  an  animoniaenl  salt,  and  the  corresi>(iii<! 

The  composition  of  tins  Ixidy,  owintr  to  ita  &.> 

has  not  been  accurately  determineil,  but  it  '- 

to  be  a  nifriile,  (similar  tAt  that  whieli  is  oil 

J\:n/xtfl^  of  sihft'r  (Ag,0„  or  AgO,  f)  ;    •y.  try.  .> 
compound  is  procured  in  dark  grey  acicular  crrataU. 
lute  solution  of  nitrate  of  silver  i»  decomposed   bv 
voltaic  current.     The  peroxide  of  silver  lu-eumnl 
positive  plate,  but  it  always  retains  a  certain  ijuantif 
compose*!  nitrate  of  ^silver.     It  h  a  ciundnctor  o\'  the  \ 
rent.     Acids  decompose  it,  forming  a  salt  of  argentic  <>\ 
oxj'gen  gas  escapes.     It  ia  ako  decom{>06ed  by  iininnnitu,  «.ili^ 
ettervewence.  owing  to  escape  of  nitrogen. 

(943)  Sulpmii.e'  <.F  Silvku  (Ag,S=24K,  or  A-^S— ' 
Gr.  7-2:   (hmp.  'm  ino  ,w/-/w,  Ag,  S7-1 ;  S,  12-'.».— ThLn  . 
ia  the  jtrineipal  ore  <if  silver.     It  is  found  native.  6<jmetiiiit-  ■ 
tallized  in  cid^es  or  oct<ihedra,  at  utiu^r  tituin*  massive.     It  I 
leaden-grey  metallic  lustre,  tivjm  which  it  derir«M  its  njitiei  li 
cal  name  of  nUver  glunce.     Sulphide  of  silver  is  isomoqihoiir 
snbsulphide  of  copper,  and  sometimes  displaces  it  in  certain  n 
rals,  such,  for  example,  ae  polybasitc,  and  fahlerz  or  grey  c<«] 
oi-e  (87y). 

Silver  has  a  very  powerful  attracrtion  for  sulphur.     'I 
becomes  tarninhed,  owing  to  the  forination  of  a  lilm  «>< 
if  it  be  exj)osed  to  the  action  of  suli)hnrettcd  hydrogen  ii. 
gaseous  state,  even  though  largely  diluted  with  air;  and  a  !■ 
spot  is  immediately  produced  npon  it*  surface  by  eontiw^t  w 
solution  of  a  sulphide  of  one  of  the  mctjils  of  the  alkalir- 
line  earths.     Sulphide  of  silver  may  be  ]tre|>ared  by  tr:i 
a  current  of  sulphuretted  hydrogen  throiiL'h  solutiotu>  of 
of  silver,  in  which  it  forms  a  black  preci)'itate ;  or  it  rn 
tiiined  by  heating  silver  with  an  excess}  of  sulphur  in  :■ 
crucible.     The  sulphide  of  silver  fuses,  and  forms  a  il. 
crystalline  ma-ss  as  it  co^ils,  and  the  e-xeess  of  sulphur  is  volat 

Sulphide  of  silver  is  soft  enough  to  allow  of  itA  br'-  -  ■  ■ 
a  knife;  it  also  possesses  sulhcient  malleability  to  r. 
sions  from  a  die.     It  is  not  a  ctniductor  of  the  % 
when  cold,  but  if  heated  it  readily  transmits  the  cu 
undergoing  decomposititui.     It  is  easily  fusible,  and  it  li.-«i 
closed  vessels  may  be  melted  without  becoming  decomj»o^><l\ 
if  roasted  in  the  air,  the  sulphur  is  gradiiallv  cimvcrted  into  >ni 
phurous  anhydride,  and  metallic  silver  isletV:  durin-'  ''■ 
tion  a  portion  of  it  is  usually  converted  into  sulpi 
which  arterwarda  requirej*  an  elevated  temperatnre  inr  \\- 
pusition. 

Sulphldo  of  silver  is  decomposed  when  boiled  Willi 
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fet^rnphuric  acid,  sulphuroufi  anhydride  and  sulplmteof  siivej 
behi;;  formed,  Strono;  nitric  lu-id  also  dissolves  it  Itv  the  aiil  iif 
heat.*  Boiling  Lydr(M;hInric  acid  converts  it  into  chloride  of  sil- 
ver, witli  evolution  of  sulphuretted  hydrogen.      Chloride  of  cop- 

Iper  converts  it  into  chloride  of  silver,  witli  the  foruiation  of 

I  cupreous  chloride  and  sulphide  of  (•t>]>per ;  this  chantje  is  much 
facilitated  by  the  presence  of  chloride  of  sodium  in  a  nioi.st  state, 
a-s  by  its  means  Itoth  the  chloride  of  silver  and  the  cupreous  chlo- 
ride ni'e  dissolved  at  the  numient  of  their  formation.  Tlie*e 
reaction*  become  important  in  tlie  extraction  of  silver  from  its 
ores  (f'^l).  Sulphide  of  silver  is  also  decomposed  when  heated 
with  the  alkalies,  and  a  similar  efiect  is  produced  by  igniting  it 
with  iron,  copper,  lead,  and  many  other  metails. 

Sulphi<le  of  silver  is  not  soluble  in  solutions  of  the  sulphides 
of  the  alkaline  metals  ;  but  it  may  be  made  to  unite  with  many 
other  metallic  sulphides  when  fused  with  theuj.  A  native  com- 
l>oun<l  of  this  description  is  found  iu  red  tfilrer  ore,  which  is  a 
double  sulphide  of  silver  and  antimony,  3  Ag,S,Sb,S,.  In  this 
mineral  a  ]M»rtion  of  sulphide  of  antimony  is  often  displaced  by 
Kulphide  of  arsenic. 

(944)  CiiLoRinKg  of  Silver. —  There  are  two  chlorides  of  bU- 
ver,  the  subchloride,  Ag,Cl,  and  the  protochloride,  AgC^l. 

SulM'filurlilf  of  Hther  (Ag,Cl)  does  rmt  HjiiiefU'  to  have  been  ob- 
taine<l  in  a  perfectly  pure  form.  It  is  usually  (lirected.tu  be  jiro- 
cured  by  digesting  leaves  of  ]>ure  silver  in  a  solution  of  chloride  of 
copi>er  or  of  perchloride  of  iron  ;  it  fonus  black  scales  which  are 
Dot  acted  upon  by  nitric  acid,  but  are  resolved  b}'  ammonia  into 

,  chloride  of  silver  and  metallic  silver. 

VMorule  ofm'h'^^r  (AgCl  =  143-5);  Sp.  Ch\  5-652  :    Cimtp.  in 

,ViO  partjt,  Ag,  75-27;  CI,  24'73. — This  compound  is  found  native, 
eitlier  cry^tallized  in  eul»es,  or  as  a  compact  semi-transparent  mass, 
known  by  the  mime  of  /to)'n  frilrer.  It  is  procured  as  a  dense 
white  flocculeut  precipitate  on  adding  hydrocldoric  acid  or  the 
solution  of  any  chloride  to  a  soluble  salt  of  silver  :  wlien  moist  it 
fjHtckly  a'^sumes  a  violet  colour  by  exposure  to  the  sun's  iigbr :  a 
Biiuilar  change  is  produced  gra<hudly  by  difl'used  daylight.  The 
Bubchloride  appears  to  be  formed  umler  these  circumstances,  and 
chlorine  is  sot  iree.  If  the  djloride  be  moistened  with  a  solution 
of  nitrate  of  silver  and  exposed  to  the  sun  in  a  thin  layer,  a  strong 
odour  of  hy|HX'hloroU3  acid  is  iuntiediately  developed. 

Chloride  of  silver  is  insoluble  in  ]>in"e  water,  and  in  all  the 
diluted  acids.      A  soliitioTi  of  silver  contuiniug  not  more  than  1 

1)art  itf  the  metal  in  2<Hi,ii(i(iof  water  is  ininiediately  rendered  opa- 
t3sccnt  by  the  addition  of  hydrochloric  acid.      Chloride  of  silver 
18  however  taken  up  by  boiling  hydrochloric  acid  and  by  strong 
Bolutions  of  the  chloridosi  of  metals  of  the  alkalies  and  alkaline 
[earths,  with  which  it  fornris  crystalUzable  double  salts;  they  are 

r  rilver  forms  with  the  Bulphide  a  yellow  compound,  A(r,P,AjrNO„  lo- 
[•ol'  nitrio  Bcid,  but  it  is  decomposed  wlien  washed  with  hfiiliii|j;  wiit«.     It 

[Is  IcLi  in  ui'   .'irm  or  a  ^gUow  powder  whcu  aUver  containing  sulphide  is  dussolved  la 
1  vaxm  nilrtc  add  of  sp.  gr.  about  1'3. 
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decomposed  if  tlieir  solnt" 

this  cintutuataiice  in  the  • 

ride  of  silver  in  decoiiipi pxt-ij  hy  liigesiiuu  witli  a  - 

inido  or  of  iodide  of  jiotapsiuiii,  bromide  or  iodide    - 

prndiKjed,  while  clilorido  of  pt>tassiiim  is  obtaiue«i  \p  U 

Field,  bv  whom  this  result  was  olwerred  [Q.  J.  '  ''■  ■      '^■ 

bos  proposed  to  employ  it  fordetcrrainiag  the  ] 

riiie,  broraine,  and  ioduie  iu  the  jinalysis-  of  a  mi\t  urc  in  \s  uu-Jfl 

occur  to>;other. 

Chloride  of  silver  meltn  at  a  temperature  of  n' 
when  strongly  heated  it  is  partiiiliy  volatilized  ;  *>n  ■  . 
a  horny,  seuii-tranKiiarent,  eeetile  mitss.      It  is  not  «1<h;o| 
when  heated  with  carbon  ;  but  it  is  easily  reduced  bv  bydr 
It  be  heated  in  a  current  of  the  gtis,  hydrocLlonc  Mcidl 
formed,  whilst  metallic  silver  is  set  free ;  zinc,  and  t 
of  the  easily  oxidizable  metal>,  also  reduce  moist  e!r 
On  the  larirc  scale  this  process  is  turned  to  account  iu  ihu 
of  silver  (IHO).      It  is  not  necessary  that  the  eliloride  i»f  !i.ilf 
freshly  preci]>itated,  thouirh,  if  it  be,  the  operation  is  niorptcpl 
if  a  cake  of  the  fused  chlorido  be  laiJ  ujMjn  zinc  or  on  irou 
covered  with  acidulates!  water,  it  will  after  some  dajra  be  coiapk 
ly  reduced  to  a  spongy  mass  of  metallic  silver. 

Weak  alkaline  leys  do  not  act  ujion  chloride  cif  silver,  hot  tl 
concentrated  eolntiou  of  j)ot!i*h  be  boiled  iii 
slum  is  formed,  and  a  dense  black  oxi<lc  nl 
addition  of  sugar  to  this  mixture  reduces  the  uxide   rapy 
the  state  of  metallic  silver.     A  solution  of  ammonia  dissijlt 
chloride  freely,  and  deposits  it  again,  by  evaporation  nt  u*, 
temperatures,  in  transnarcnt  colourless  crystals  ;  if  the  solal 
boiled  with  potash,  fulminating  silver  is  deposited,  Thcsoli^ 
ride  absorbs  ammoniacalgiis  rapidly,  ft'i'l  leave*  it  i-      ' 
heat  is  applied  (3(50).     "\Vhen  chloride  of  nilver  is  i.  \\_ 

carbonates  of  the  alkali-metals,  chlorides  of  their  Ita>yU  arc  for 
and  pure  silver  is  left :  this  reaction  furnishes  a  mcan.s  of 
ing  large  quantities  of  silver  in  a  state  of  pnritv  ;  4  Ag(.'l 
eh,=\  NaCl  +  2  ee,  +  e,  +  2  Ag,.     chloride'  of  silver 
ble  in  solutions  of  the  hy]>osidphitcs,  fi«nning  compoitnda  uf] 
intensely  sweet  taste :  b^'  evaporating  these  stilutiou!^  ojry*    "" 
double  hyposulphites  may  be  prtvcured  (411))     Cyanide  •■f^ 
slum  likewise  dissolves  chloride  of  silver,  fortnin 
potassium  and  a  double  cyanide  of  silver  and  p" 
soluble  sulphites  also  dissolve  chloride  of  silver. 

(945)  HitoMiDE   OF   Sn,VKB  (AgHr=lS8);  Sj'     f->- 
Camp,  in  \m  n,trtM,  Ag.  57-44  ;  lir,42-.')(l.— Thiacoi 
mineral  wliicn  has  been  found  in  Chili ;  hut  it 
bination  with  chloride  of  silver  invariable  pmporti' 
abundance  at  the  mineof  Chafiareillo,  in  Atucaiun,      1  lt<j 
iruiv   he  formed  artiricially  by  adding  a  stdution  itf  brxini 
j)otiLS!iinm  to  one  of  nitrate  of  silver.     It  Is  of  a  ye' 
16  iusohiblo  in  water,  und  is  imuli  Ic-is  Hobtbh*  in 
the  clilonde.    A.cu\bd.o  tvot  '  it,  but  chl«>i 
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ours  of  bromine  from  it,  and  chloride  of  silver  is  prodnced. 
mide  of  silver  fuses  below  a  red  heat.  It  is  soluble  in  a  con- 
(rated  solution  of  bromide  of  potassium,  and  in  other  bromides, 
li  which  it  forms  double  salts,  which  are  decomposed  by  dilu- 
i  with  water.  Both  the  bromide  and  the  iodide  of  silver  are 
ible  in  a  solution  of  hyposulphite  of  sodium. 

(946)  Iodide  of  Silveb  (Agl  =  235) ;  Sp.  Or.  5-5 :  Comp.  in 
parts,  Ag,  45 -Se ;  1, 54*04.— This  compound  is  found  in  Mexico, 
:ed  with  carbonate  of  calcium,  native  silver,  and  sulphide  of 
L  It  may  be  procured  artifically  by  precipitating  a  solution 
he  nitrate  of  silver  bv  one  of  iodide  of  potassium,  when  a  pale 
ow,  flocculent  deposit  occurs,  which  is  but  slowly  acted  on  by 
it,  is  insoluble  in  acids,  and  almost  so  in  ammonia.  It  may 
>  be  obtained  by  acting  upon  metallic  silver  with  hydriodie 
1,  which  dissolves  the  metal  with  evolution  of  hydrogen,  and 
dually  deposits  six-sided  prisms  of  the  iodide. '  It  fuses  easily 
)  a  mass  which  becomes  yelloW  and  opaque  on  cooling.  It 
lecomposed  by  zinc  in  the  presence  of  moisture.  Chlorine 
)laces  the  iodine  from  the  salt.  Iodide  of  silver  is  soluble  in 
ot  solution  of  hydriodie  acid,  which  on  cooling  deposits  flaky 
stals  of  a  compound  of  the  acid  with  iodide  of  silver  (AgI,lII), 
}  iodide  is  likewise  soluble  in  concentrated  solutions  ot  iodioe 
)otassinm. 

Fluoride  qfsiher  (AgF=:127)  is  freely  soluble  in  water ;  it 
btained  by  dissolving  the  oxide  or  the  carbonate  of  silver  in 
ited  hydrofluoric  acid,  but  it  is  partially  decomposed  on  evapo- 
ing  its  solution, 

(947)  Sulphate  of  Silver  ('Ag,SO,=312,  or  AgO,SO,=156) ; 
Gr.  5-322;  Comp.  in  100 parts,  Ag.O,  74-36;  SO,,  25-64.— 

len  silver  is  boiled  with  sulphuric  acid,  a  portion  of  the  acid 
lecomposed  and  gives  oxygen  to  the  silver,  which  is  converted 
t>  a  sulphate,  while  sulphurous  anhydride  escapes  r  the  sulphate 
liseolv^  by  the  excess  of  acid,  but  is  deposited  in  ^eat  part 
the  addition  of  water,  of  which  it  requires  90  times  its  weight 
solution.  It  may  be  obtained  in  small  rhombic  prisms,  which 
isoraorphous  with  those  of  sulphate  of  sodium.  Thev  fuse 
dfly ;  for  their  decomposition  they  require  a  temperature  higher 
n  18  needed  to  decompose  the  sulphates  of  iron  or  copper.  (See 
e,  p.  667;)  Small  quantities  of  gold  are  separated  from  silver 
the  largescale, by  boiling  1  partof  the  alloy,  finely  granulated, 
;ast-iron  vessels  with  24  parts  of  oil  of  vitrol ;  the  gold  is  left 
ind  as  a  fine  powder.  The  solution  of  silver  is  afterwards  diluted 
of  a  specific  gravity  of  1-200,  introduced  into  leaden  vessels,  and 
sil  ver  precipitated  in  the  metallic  form  from  the  solution  by  bars 
'letallic  copper.  This  process  has  been  economically  applied  to 
extraction  of  the  gold  contained  in  old  silver  coin,  even  where 
proportion  of  gold  did  not  exceed  1  part  in  2000.  It  cannot 
tdvantageously  practised  upon  alloys  containing  more  than 
at  200  parts  of  gold  per  1000.  If  copper  be  present,  its  pro- 
;ion  should  not  exceed  4  per  cent,  of  the  mass  ;  otherwise  the 
•hate  of  copper,  owing  to  its  sparing  solubility  in  the  acid, 
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impodea   the   operation.     CrvFtallized  snlnhate  <«f     ' 

1  equivalent  of  ammonia  with  rapidity.     A  hut  - 

monia  dissolve?  the  salt  freely,  and  on  cooliug  dt^Hjoil*  crjn 

compiled  of  (4  II,X,Aff,SOJ. 

(l)4S)  NrrRATK  of  Silver  (AgNO,,  or  A|rO,NO,  =  ITO); 
Or.  4-330:  Comp.  in  lOO  jparfi,  Air,0.  fiSiJi  ;  N.O,,  3l^i 
Ag,  63*51. — This  salt  is  readily  formed  by  dissolving 

moderately  strong  nitrie  acid.     Ifbfiindurd  sjilvcr  '■ 

It*  preparation,  tlio  oxide  of  copper  is  easily  wpu 

solution  by  boiling  it  upon  freglily  precipitatisl  uxidv  'A  at 

whicli  tnay  be  obtained  tiy   precipitating  a   portiun   uf  ibe 

solution    by  cauhtic   puta.^h,   and    washing   the    preeipila 

preS'ence  oi  oxide  of  copper  bein^  uniinportuut.     It  '-iv-til 

square,  colourless,  anhydrous  tables,  which  n*<iuirc  ^ 

of  cold  water  for  solution.     Boiling  alcohol  dihr.. ...,- 

fourth  of  its  weight  of  the  salt,  but  deposits  nio^t  of  it  on  coolt^ 

The  nitrate  fu^es  at  42<>^  when   heatwl,  ajid  if  '' 

cylindrical  moulds,  it  forms  the  stickn  of  lunm-rai/ 

tue  alcliemicul   name   for  silver)   employed  by  t.urgt..,i9, 

escharotic.     By  a  mi»re  €levrtte<l  temperature  it  in  «U'CMr 

nitrite  of  silver  is  produced,  and  at  a  still  higher  teinjjeratufe 

tallic  silver  is  lett. 

Nitrate  of  silver,  when   pure,  nndergoes  no  changv  br 
action  of  light ;    but  it  is  readily  decomposed  bv  the  cou  *  * 
action  of  li^it  and  organic  niattor,  which  it  usually  stJiiiiAi 
The  stain  thus  produced  cannot  be  removed  by  wa"  't| 

and  water;  from  this  property  it  has  been  enijik>\ 
of  an  ink  for  marking  linen,  which  may  lie  prrpan-tl  a*  rollrt^ 
Dissolve  2  drachms  of  nitrate  of  silver  and   1   draclmi  <>( 
aral)ic  In  7  drachms  of  water,  and  colour  the  H(pitil  with  Iii«] 
ink  (Brando).     It  is  requisite  to  prepare  the  doth  first,  by  tnois 
ing  the  spot  to  be  marked,  with  a  solution  of  carbonate  of  in-wiin 
which  is  allowed  to  bewnne  dry.     This  preparatury  n^olntiou 
consist  of  2  ounces  <>f  crystallized  carbunatc  of  l*<»diu>ii. 
drachms  of  gum.  dissolved  in  4  ounces  of  water.*     Tb« 
stains  of  nitrate  of  silver  may  be  removed  from  flic  liaofls 
linen  by  the  employment  of  a  strong  solution  of  iodidu  of  p<4 
slum ;  cyanide  of  potH.>*siura  is  still  more  oftectual.     Dry 
of  silver  abs»irbs  3  atoms  of  ammonia,  and  if  amrnoniacal 
passed  into  a  concentrate*!  solution  of  the  salt,  crystals  havj 
composition  (2  H,X,AgNO,')  are  dciK)sited- 

When  metallic  silver  in  tine  powder  i-   "' 
of  nitrate  of  silver,  it  is  dissolved,  and  a  \i 
analogous  to  that  obtained  when  lead  is  similarly  ' 

(949)  Triphosphatk  OP  Sir.vKR(Ac,PO,,  or3  A^    .. 
sp,  ffr.  "■321)  is  of  a  yellow  colour,  which  is  speedily  rtuin| 
the  action  ot  light,     'fho  salt  is  vorv  soluble  in  f  ■•■•     '* 
nitric  acid  and  of  ammoniB.    It  is  <ihAW  |»rocmvd  1 
a  solution  of  the  ordinary  phosphate  of  sodiuh 

*  A  solution  of  oonl-tNr  in  ii.uhiiKil  fotaiy  u  rh.-uij  in  1 
radata  ihe  actlcm  ot  d)iVMu«,  v- 
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silver ;  it  fuses  if  heated  above  redness.  The  pymplwi^phaie 
Ag,P,0,,  or  2  AgOjPO, ;  »p.gr.  5-306)  is  obtained  in  like  manner 
\y  precipitating  the  nitrate  of  silver  by  pyrophosphate  of  Bodium ; 
t  ift  a  white  precipitate  slowly  darkened  by  light,  and  is  easily 
Wible.  The  metajihoftphate  (AgPO,,  or  AgO,PO,)  is  obtained  by 
Precipitation  from  the  nitrate  of  silver  by  the  nietaphosphate  of 
lodium  ;  it  forms  a  gelatinous  mass,  which  sottens  even  at  a  heat 
>f  212°,  and  is  soluble  in  excess  of  nitrate  of  silver.  If  boiling 
Mrater  be  poured  upon  this  precipitate,  it  fuses;  acid  is  removed, 
ind  a  submetaphosphate  is  left,  consisting  of  (Ag,P,0,„  or  3  AgO, 
2P0.:  Graham). 

(950)  Chakacteks  of  the  Salts  of  Silver. — The  soluble 
Baits  of  this  metal  are  colourless,  and  nearly  all  are  anhydrous; 
they  do  not  redden  litnui;^ ;  they  have  a  powerfully  acrid,  metallic, 
■^ingcnt  taste,  and  act  as  irritant  poisons.  Jiefare  the  blowpipe 
^Hljr  are  all  readily  reduced  on  charcoal  to  the  metallic  state, 
especially  when  mixed  witli  carbonate  of  sodium.  They  give  a 
yellowish  bead  with  microcosmic  salt  in  the  oxidating  flame.  In 
Bolntion  the  salts  of  silver  present  the  following  reactions : — 

The  hydrates  of  the  fixed  alkalies  give  a  brown  hydrated  oxide, 
insoluble  in  excess  of  the  precipitant ;  ammonia,  a  brown  precipi- 
tate, readily  soluble  in  excess  of  ammonia;  carhonat^s  cf  pot<i8- 
»inm  and  sodium^  a  white  carbonate  of  silver  insolublo  in  excess, 
hnt  solulde  in  carbonate  of  amnumium.  Sulphv retted  hydrogen 
and  aulphide  of  ammonium  give  a  blaclc  precipitate  of  sulphide  of 
lilver,  not  soluble  in  ammonia  or  in  the  sulphides  of  the  alkaline 
iQetals.  I5ut  the  most  characteristic  test  is  the  actiuu  of  hydro- 
chloric acid,  or  of  a  soluble  chh/ride,  whii-h  produces  a  white  curdy 
precipitate  of  chloride  of  silver,  insolnble  in  nitric  acid,  but  readily 
Bohible  in  ammonia;  it  is  also  soluble  in  liyiKi^ulphite  of  sudium, 
*rith  which  it  forms  an  iutensely  sweet  solution  ;  cyanii.le  of  pot^is- 
Binm  also  dissolves  it:  chloride  of  silver  speediiy  nBsnmes  a  %dolet 
tinge  when  exposed  to  liglit;  this  chaui^i'  is  impeded  by  the  pre- 
sence of  free  chlorine  as  well  as  by  that  of  free  nitric  acid,  and  is 
prevented  by  the  admixture  of  a  small  proportion  of  chloride  of 
naercury.  Iodide  i»r  bromide  of  jwta^itiiim  gives  a  yellowish-white 
precipitate,  of  iodide  or  of  bromide  of  silver,  sparingly  soluble  in 
ammonia.  Hydrocyanic  acid  and  cyanide  of  potassium  give  a 
white  cnrdy  precipitate  of  cyanide  of  silver,  vvliicb  is  soluble  in 
excess  of  cyanide  of  potassium,  esisily  soluble  in  nmtnonia,  insol- 
uble in  diluted  nitric  acid,  l>ut  soluble  in  boiling  nitric  acid  if 
iconcentrated.  Phosphoric,  chromic,  oxalic,  tartaric,  and  citric 
Acids  all  form  insoluble  precipitates  with  salts  of  silver.  Indeed, 
silver  furnishes  a  greater  number  of  insoluble  salts  than  any  other 
metal ;  they  are  almost  all  neutral  in  composition,  and  generally 
of  a  dazzling  white  colour.  Mot^t  of  tlicm,  however,  become 
black  when  exposed  to  the  action  of  light.  Nearly  all  of  them  are 
mluble  in  ammonia,  and  many  ul'  them  also  in  nitric  acid.  Mmiy 
metals  reduce  solutions  of  the  salts  of  silver,  and  throw  do'wn  the 
silver  from  tliem  in  a  metallic  state,  as  is  beautifully  ^hown  by 
the  action  of  mercury,  which  produces  a  crystalline  deposit  con- 
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Ristinji  i.if  tin  utnul;i:nm  of  silver,  formi  ' 

the  arbor  UiuHiv*      Copper  im<l  rmi 

its  solutions.     PhoHjiftorKuht-  \^ 

place<l  in  a  soliitlou  of  any  '  j\ 

ifu/jt/tate  ftlso  precipitates  silver  in  tiio  niclitllic  I'orui  lW>fn  il 

tione,  if  they  tlo  not  contain  free  nitric  aci(L      If  a  eolat 

ainnjoiiia-nitrate  of  silver  be  acjded  to  one  uf  ferroiiiJ  ftnl|i' 

intensely  black  prt'eij>itate  (Ajj.O,  2  ft^B.Fejf^, ;  If 

dnced.      Tliie  reaction  is  extremely  8ens.itivo  for  Vi  li 

titles  of  iron. 

The  coinponnds  of  silver  exhibit  a  less  strwigly  tUArked 
dency  to  form  double  salts  than  h  tho  case  with  tlie  utiicr  n<'i] 
inetals. 

(951)  Eittimathn  of  Silver. — Silver  may  lie  eetimatwl  eitl 
in  the  metallic  state,  as  in  the  procesa  of  cupellation, — <ir 
form  of  chloride,  1(XI  parts  of  which,  after  fusion,  corr^-sif  _ 
75'27  i>f  the  metal.     Tliii*  ]>recipitiitiiiti  is  }>es.f  etfccted  by 
lating  the  liquid  with  nitric  acid,  and  iiddintr  hydriK-hloric  aci 
slight  excess.     After  the  precipitate  ha'S  bi-t-n  cullecled  undl 
it  should  be  detached  from  the  filter,  and  fused  in  k  jH>rceIii 
sule;  on  burning  the  tiller,  the  portions  of  cldi>ride  retnin« 
lU'e  reduced  partially  to  tho  metallic  state  by  the  Lydn>ger»| 
paper;  the  ash  miist  therefore  be  moistene<l,  tin<t  with  niti 
then  with  hydrochloric  acid,  to  reconvert  it  into  chloridi 
excess  of  acid  nm.st  alterwardf*  be  expelled  bv  heat. 

(9.52)  ScjxiriifHm  uf  Silrt-r  from  ofJirr  M>t<th. — Th i 
effected  by  mean*  of  liydrochlctric  acid.     If  le«d  l»c  pr 
solution  must  I)e  diluted  largely :  should  mercury  be  in 
it  must  Ik?  converted  into  a  salt  of  the  red  oxide  by  boil 
liqtiid  with  nitric  acid,  aOer  which  the  silver  may  b«  pr 
in  the  form  of  chloride. 

§  ni.  Goi.d:  Au=10fi«.    Sp.  Gr.  VJ3i ;  Fimnff-j>t.  ^i 

(9-'i3)  Tliis  valuable  metal  has  been  y.' 
ages  of  the  world.     It  is  found  in  Bmall  ■_ 
localities,  and  always  (.Krcur^i  in  the  native  state,  either  crvfttaiiii 
cuIk's,  iKrtohedra,  or  tctihilic«lri», — or  in  plates,  in  ramilied 
or  in  nodules  or  nutjgets,  which  souietinjes  weigh  uiHiiy  p 
Native  gold  is  always  alloyed  with  silver;  small  ijuanti 
osmium  and  iridium,  c(>ppcr.  antimony,  an^,  iu  some  riire  iui 
tellurium,  are  found  accom]>:inyiug  it.     No  m 
are  met  with ;  it  eonmionly  occur>'  either  in  t>> 
rocits,  or  in  the  alluvial  dcpositii  of  certiiin  nvci".     Itu  kmi 
brated  mines  ai'e  tho^e  of  Calitornia  and  Au.-itralia;  and  ll 
Mexico,  Ohili,  Brazil,  and  Peru.     In  Califoniis  the  j^nhl  i»  cUmI 
found  ujnui  the  Sucramento  and  its  tributary  strcunif,  in  dopfJi 

•  On  ono  rvrrncinn  I  fhtttvl  the  l^nr  firiirinllc  fhtli  rTr»t«lfl  to  luJTC  lb* 
eition  Ak'  '' 

f  Asj  itk«.l><imUi*l 

dSi^ll^a,  Av,^ii..;ij    v,<.:.i^u ■.:■■:   I     I.;  ",  UU(t  Ul  tlU)  AAlf 
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'  rornind  hj  ihe  'iipintefrrnf  inn  of  quartz  and  granite.  Tii  Australin 
tlio  gold  is  also  ussuciatud  with  quai'tz,  and  cic<'mvi  in  shite  roL-ks 

I  equivalent  ti>  the  Cambrian  formations  of  England  and  Wales,  iu 
the  detritus  uf  which  the  rnoet  produetive  gohl-tields  t»eeur,  in  the 

Ideep  f^ullies  at  the  base  of  the  rocky  ranjjes  of  el^y-slate,  mica 

[whist,  red  «tid  yellow  sandstone.    In  the  alluvial  portion  the  jrold 
is  n>Uidly  foUTid  at  a  dcjith  uf  from  1<>  to  4o  feet,  resting  upon  a 
hotTiiui  "  of  pijieelrtv.     A  guod  deal  of  gohi  ir>  iilsu  nhtained  from 

I  the  [Jral  Mouritaius;  gold  has  al-o  been  obtained  in  Wales,  in  the 

rCadt-r  Idris  distriet.  Many  of  the  rivers  <if  Africa  likewise  contain 
it  among  their  ^andt;,  ai*  do  those  of  UnngHry,  Transylvania,  and 

ipieilmout ;  in  these  countries  it  is  prineij»ally  extracted  from  the 

^  river  sands  by  gipsies. 

Krtnirt'ion, — The  operations  for  obtaining  gold  fnjui  it«  de- 

'  posits.  diH'er  from  tho^e  required  by  almost  every  other  metal,  in 
heing  for  the  most  part  purely  uieehanieal.  Aecor<ling  to  Mr. 
Watlien  {Th>i  (ttihim  Coh>nf/,  p.  71),  the  Austrnlian  digger  for- 
merly used  a  cradle  for  washing  the  ore,  but  this  is  not  adapted  to 
the  stitf  clays  of  the  Australian  g<dd-tields.  The  miner  now,  after 
having  raiswl  the  "washing  stuff"'  frojn  the  pit,  introduces  it  into 

^the  "puddling  tub,"  whicli  is  merely  one-half  of  a  porter-caek. 
Tlie  tub  is  half  tilled  with  the  washing  stuff,  water  is  baled  in 
from  the  creek,  and  the  whole  worked  about  with  the  spade 
until  the  clay  has  become  diffnsed  thrungli  the  water;  this  turbid 
•water  is  ]>oHre<l  off  and  fret-h  water  added,  until,  by  repetition  of 
the  washing,  "nothing  but  clean  gravel,  sand,  and  gold  remains. 
The  gold  ifl  now  readilv  separated  from  the  gravel  by  means  of  a 

I  cradle,  or  simply  by  a  tni  dish.  In  the  latter  ease,  the  dish  is  held 
hall-immoi"seo  oblitiuely  in  water,  and  the  gravel  gradually  washed 
awav  from  the  gold  by  the  dexterous  lian<llin<;  oi  the  di^h." 

The  (yalifornian  "Long  Tom ''  consists  of  a  trough  about  16 
inches  wide,  and  10  or  1^  feet  long,  inclined  so  as  to  cause  the 
•water  to  run  rapidly  down  :  an  iron  grating,  perforated  with  holes 
88  large  as  a  sixpence,  forms  the  lower  end,  and  is  tilted  in  an  op- 
posite dir«.*tIon  to  the  trough.  Through  the  trough  a  current  of 
water  iH  kept  constantly  flowing.  The  auriferous  earth  is  thrown 
iti  at  the  head,  and  as  it  is  washed  down  by  the,  stream,  it  is  worked 
iilK>ut  with  the  spade;  the  earth  and  day  are  iiuickly  washed 
away ;  when  the  clean  gravel  reaehe-s  the  lower  end,  it  is  arrested 
hj  the  iron  grating,  and  removed  with  a  shovel,  while  the  gold 
Hnd  sand  fall  through  into  a  box  placed  beneath.      The  contents 

I  of  the  box  arc  again  washed  to  extract  the  gold. 

Auriferous  quartz  is  first  crushed,  then  stamped  and  ground 
to  powder,  and  from  the  powder  the  gold  is  subsequently  extracted 
by  amalgamation. 

Moch  of  the  gold  in  eirculation  before  the  discovery^  of  the 

r^  in  Australia  and  California  was  obtained  from  auriferous 

This,  mineral  is  coarsely  pulverized,  either  before  or  after 

n>  id  washed:  the  heavier  particles  of  gold  subside,  and 

I  art  ■  ^..  .•  led  from  this  concentrated  portion  bv  amalgamation, 

|l^  excess  of  mercury  being  separatea  by  di*lvUal\o\\.    Nwrvwia 
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metJnxk  sire  adopted  for  wasliing  Uie  aiirilerons  material; 
Mexico  tlib  operation  ia  usually  performed  by  negrcs^c*.  who 
biivinjr  pniverized  the  ore  andoV  flat  stones,  agitate  it  iu  wide, 
shallow,  wooden  disKee,  separating  the  lighter  portions  with  muck 
dextortt>'.  In  Europe,  the  pyrites  is  ^uiiid  and  artiJilgiHii»ied, 
in  mills  constructed  for  the  purpose.  Thctse  who  wmh  tkeritw 
sands  usuallj  select  some  Bpot  at  the  bend  of  tlie  strejun,  where 
the  ruiid  ftppeivrs  to  be  black  or  reddish  ;  tis  it  h  here,  if  anywhert^ 
that  the  gold  is  found.  The  most  favourable  time  is  when  tk 
waters  are  subsiding  atlter  storms  or  heavy  rains ;  the  sanii  i«(»n- 
ceutrated  eithor  by  washing  it  iu  shallow  vcesel*.  or  else  Iw  ally- 
ing it  to  pasi*  through  »  sUL-cession  of  troughs.  AmalgamatJm is 
afterwards  resorted  to,  and  the  product  is  distilled,  ae  in  the  au- 
lugous  proceas  lor  obt-ainin";  silver. 

(fl54)  Pftjpert!^^, — Gold  is  of  a  rich  yellow  colour  an^  liigiii 
metallic  lustre.     It  ia  not  remarkable  for  its  hardness,  bein2.wba 
in  a  pure  »tate,  nearly  m  soil  a*  leaid.     Its  ductility,  howTer.ii 
considerable,  ranking  next  to  silver,  so  that  it  may  W  drjiwn  inw 
very  tine  wire.     A&  already  mentioDed,  it  is  the  most  mall«il)ie«f 
the  metals,  and  m  extreme  is  the  thinness  to  wliich  it  iE»y  l»e re- 
duced by  hammering,  that  2S0,U(H)  leaves  platned  upon  oneanntibff 
would  be  require*!  to  tkccupy  the  thickncos  of  one  inch.     Tl>e 
thiekne^  of  tlie  tilm  may  be  etill  further  reduced  by  flo*tiBg it 
ujHm  a  dilute  j^oSution  of  cyanide  of  potafta-iiim.      Faraday  fonnJ 
that  *neh  a  film  when  att^ached  to  a  plate  of  glass  still  ret^neditt 
power  of  reflecting  yellow  light  and  transmitting  grreen;  if,  b**- 
ever,  the  temperature  were  maintained  fs>r  a  thort  time  at  a  poiia 
not  exeeeding  1>W"  F„  the  met«llic  lustre  disappeared  eutirdj, 
and  the  transmitted  light  became  of  a  pure  mby  red.    The  p"*' 
sure  of  agate,  or  of  any  kind  of  hard  body  upon  the  tilm,  changed 
the  colour  of  the  transmitted  light  at  that  spot  again  topwn. 
(PML  Tttin^.  1S,>7-1     Gold  fuses  at  a  temperature  of  20H> .   I* 
e^inuot   t>e  advantageously  employed  for  easitings,  a&  it  sfcrinfa 
greatly  at  the  inoiut>nt  of  soliditying.     It  is  bat  very  sliofhth  tJ- 
utile  ill  the  heat  of  the  ftimaee,  thojigh  by  a  powerful  elecOT 
didckai^fe^  by  the  coaeeutntion  of  the  gun's  rays  with  «  U^ 
cooTex  leii*.  or  by  the  intea»e  heat  of  the oxvhydr<:tgen  jet, itiMj 
be  disperse^l  in  purfde  vupcmrs.     It  u  one  o^  t^e  moet  perfect  <fSr 
ductor*  Wth  of  neat  and  of  electricity.      Gold  uuffere  no  chiai* 
by  expaatn?  to  air  and  moisture  at  any  tempersture.     Xoneof  l« 
simple  ncidb,  with  the  exeeption  ol'  the  selentc^  have  any  effe(* 
uivm  it,  but  it  is  dissolved  by  aay  iuixtiu«  which  lilieratef  eU^ 
rine.    Its;  u>aal  solveat  is  aqiu  r^ta,  which  for  this  pnrpo!« «» 
piienJlT  prepared  bv  mixing  1  pan  ot  nitric  acid  and  4  |>ait»rf 
hvilrodtlorio  acid,     iTie  hydr»le^  alkalis  tio  not  affect  it ;  «  cr» 
cible  of  gold  is  ovva^neutly  >  valaaUe  in^traiuent  in  the  tBit 
Ivsis  of  nilnends  whicQ  rwjoire  ^2sii>n  with  the  caustic  alksli* 
'llie  metal  combinee  direct! j  with  dugriite.  chluoiiie,  asd  hromiH^ 
witbi^ut  the  aid  of  Iwat^  as*^  with  pliagpborvs  vbeo  b^^ed. 

^i^^)  PrymmHtm  ^flm*  GitUL—GiM  ts  best  cAtuoed  in  ■ 
OalA  «(  V'^^'^S  ^T  <&^niC  AAMIi'  ^  *^Q*  reeia,  and  cnfO' 
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the  solution  of  chloride  of  gold  thus  obtained  with  an  excess 
roehloric  acid,  for  the  purpose  of  destroying  the  excess  of 
<,'id :  the  solution  is  then  largely  diluted  witS  water,  topre- 
!  the  chloride  of  silver,  from  which  it  is  afterwards  decanted. 
:ion  of  ferrous  sulphate  is  next  prepared  and  added  to  the 
1  of  chloride  of  gold :  1  part  of  gold  requires  between  4 
parts  of  the  cirstallized  sulphate  [6  ¥eSO,  +  2  AuCl,  = 
3  SO,)  +  Fe.Cl,  +  2  An].  Metallic  gold  is  thus  precipi- 
H  the  fonn  of  a  finely  divided  powder,  which,  when  sus- 

in  water,  is  brown  by  reflected,  but  purple  when  viewed 
ismitted  light.  For  commercial  purposes  it  would  be  sut- 
now  to  collect  the  gold,  dry  it,  and  after  fusing  it  with 
to  cast  it  into  ingots ;  but  when  required  to  be  perfectly 
•ni  silver,  the  gold  is  not  melted  at  this  stage,  but  the  pre- 
sd  metal  is  boilt^d  with  hydrochloric  acid  of  sp.  gr.  1"1. 
■id  is  decanted,  and  the  residue  is  boiled  twice  witn  fresh 
thout  washing  the  gold  between  these  successive  additions 
.  The  last  traces  of  iron  and  nearly  all  the  chloride  of  sil- 
thns  removed.  The  gold  is  then  washed,  dried,  and  mixed 
J  own  weight  of  acid  sulphate  of  potassinm,  and  fused  in  a 
1  cnicible.  The  last  portions  of  chloride  of  silver  are  thus 
d,  and  the  gold  is  perfectly  pure.     When  thus  prepared  its 

often  exhibits  a  crystallme  appearance,  being  embossed 
l^regations  of  tetrahedra  if  the  metal  be  allowed  to  cool 

ol  prefers  to.  precipitate  the  gold  from  an  acid  solution  of 

)ride  by  means  of  an  acid  solution  of  terchloride  of  anti- 

3  SbCl,+2  AuCl,  =  3  SbCl.  +  2  Au.     The  hydrochloric 

1  retains  any  traces  of  chloride  of  silver  which  may  be 

». — Gold  is  employed  in  its  finely  divided  state  for  gilding 
in,  which  is  first  painted  with  an  adhesive  varnish  and 
i  to  become  partially  dry ;  the  powdered  metal  is  then 

on  with  a  dry  pencil  (having  been  previously  mixed  with 
le  enamel),  after  which  the  article  is  fired ;  the  gilt  portions 
)sequently  buniished  and  take  a  high  polish.     It  couiniu- 

a  nne  ruby  colour  to  glass,  and  is  tbe  colouring  ingredient 
Deautiful  r«l  glass  njanufactured  in  Bohemia.    The  uses  of 

the  fabrication  of  ornamental  articles  and  in  coinage  are 
lown ;  like  silver  it  is  too  soft  to  be  employed  in  a  pure 

5)  Gilding  upon  woodwork,  papier-mSch6,  or  plaster,  is 
i  by  means  oi  gold  leaf  which  is  attached  to  the  surface  bj 
lesive  varnish,  such  as  gold-size.  Gilding  upon  metals  is 
1  either  through  the  medium  of  mercury,  as  in  one  of  the 
;e8  for  silvering  (935),  or  by  voltaic  action,  as  in  the  process 
tro-silvering  already  mentioned  ;  for  this  pui-pose,  a  solution 
)f  the  cyamde  of  gold  and  potassium,  or  of  sulphide  of  gold  in 
le  of  potassium,  is  used  (2!,)«>). 

ne  years  ago,  a  means  of  gilding  by  immersion  was  intro- 
by  ilr.  Elklngton,  by  which  copper  trinkets  and  stamped 
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8rti«*Ifri  can  Iv  coafcd  with  a  thin  film  of  p»l<l  ;  fhffi  mi»t! 
boon  very  Itireply  jvnu-tis^d.     Tlie  pnicvf*  hat*  Nefii  carrffl 
vefttigatt'd  Uv  Barral  (Arm.  (U  Chimin,  III.  xviii.  5).     Tb^  i 
bath  is  i)rq»are»l  by  diwHilving  I  part  of  f!nr  ci»I(i  m  ann; 
»u>d  ex]X'lling  tbo  «'Xoes(»  of  rti-id  by  cvaporatKin  ;  tiw  elil 
rli#solvt'i]  ill  H  sniull  *jiiat)tity  i>f  wafpi  '  '         "     '        "7" 

iif  tbi"  iu-ifl-wirboniitt.'  of  jK)Trt8.siuni  (K  i 

Tbis  licjiiid  irt  tbt'ii  mixwi  witli  a  6o]nti(<u  .it'  ;io  jiurt;.  iti.>re^ 
jicid-ftirboiiat*.  fli>H(»lve<l  in  '2<»<>  purls  of  wafer,  an-!   tin-  V\i 
lM)ib*«j  for  two  }i< Mil's  :  cbiriiig  this  operntion.  the  ucl 
j)otiife!»iuin  is  I'onvfrttil  into  the  j^csqiuVarlKHiafe,  m...  ,,.. 
lii|Hi<l  pass's  into  gro^n ;  after  tliis,  tbp  wJutitrn  is  readv 
The  trinkets  hnviiig  been  annealed  are  eleonji««d  '' 
oxide  by  a  nionicntHry  immersion  in  a  nii.Tture  ■•f 
Hilpburie  mid  nitnV  ju-ids,  to  which,  when  tin 
to  hrtve  H    ffetul   appearance,  a    little    eomm. 
'i'be   nrtifles  an?  wjL-^hed  in  water  and  then  plunged   jiito  (I 
hot  gildint;  li«|nid.  where  they  are  left  for  nlxvot  half  a  aJtrruj 
at>er  which  tliey  are  washetl  in  water  and  dried  in  hot  savih 
The  layer  of  gold  dejwxjited  in  this  operation  is  alwrr       -      -iv< 
thin,  and  cainnrt  Ik-  iiicreiu^Hl,  be<?an.se  as  soon  as  tb 
covered  with  a  fibn  of  gobi  no  further  d<  i 
bath  may  also  be  ein|)loye*l  for  gilding  on  U> 
or  ^ilver.  by  inniieiNiiig  the  objects  coin p»j!<«,'d  of  ibt-'-e  iiM-min 
the  liquid   In  contact  with  wiifti  of  eo]>jtor  i'T  of  a:inc.     l>i 
this  pr»ne»f>  <»f  gilding,  a  remarkable  reaction  t»ccnrA, — tliu  go 
imj>arts  a  portion  of  its  chlorine  to  the  exe<»«*  of  "■■''•  ' 
in  the  batli.  forming  ehl<»rate  of  jxitassinm  ;  pr. 
informed  and  ift  deeoniporftHl  by  the  is>p]ter,  cupri.- 
produei'd.  whilst  metallic  yohl  is  dejH>sif«M|  npoti  thi 
trinkets:  t>  AnCl.  +  a  K,eO,-fi;  eu=«  f?n(l,-f:.   K'l 
+  •>  An +  3  fH:>,.     In  the  coni-w^  of  the  operation  a  f 
der  is  ^nvcijMtated.  which  contains  bydrateu  cjirbon 
mixed  with  a  small  nn»ix>rtion  of  the  pni*pJo  of  t.".i    . 
from  the  ttctiou  of  the  gilditig  sohrtJon  ttptm  the-  tin  ■  f 

in  the  solder  of  the  trinkets. 

With  mercnn*,  gold  forms  a  eemi-solid  amaltr»ni  of  n  vellnwltk 
colour,  which  ii«  sohible  in  nn  excess  of  i' 
may  l»e  removeil,  as  in  the  ease  of  silver 
and  stiuee/.ing  it  thnmgh  chamois  leather.     It  ih  i 
which  \*  f.tnned  during  the  e.vfniction  of  g..!.]  fi-..ii 
also  extensively  prejianxl  for  the  niirptn««»  i.i 
tioii  of  mercury  with  gi>]d  (An.Hg)  may  be  ....,..,,...  v.> 
in  brilliant  fonr-i*i<led  prisms  by  acting  with  dilutoil  rntri/il 
aided  by  a  gentle  heat,  ufjrm  ai.  '  " 

ulfout  1  part  Of  gold  to  lOoo  (,f 
cr\"vt»ls  are  insoluble  in  nitric  acid. 

'  (!».")7)   Alhnfjt   of  (;nl,i.—T\\v    tbicTilftv  nf  rroM   h  ynWi'h 
paired  by  alloying  it  with  oti  '1 

sonorouHueiw  are  inen'  i-.."l  • 
«ntliot\t  <.\\ft\cv\\\y.    A 
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ol  Jtinc.  greater  tliati  "2  j'er  cent,  of  tlie  muss  be  present,  in  tlie 
allov,  it  is  unlit  for  oi>ini\^c*;  nnil  still  (unaller  minntitios  of  lead, 
of  arsenic,  of  antiinonv,  or  of  liininuth,  render  gold  l>rittle.  Pal- 
ludiiiiii  IS  a  btiil  more  iuconvenient  iiiiimrity,  sinee  it  not  only 
renders  the  jjold  brittle,  but  it  retjulrer-  speciul  treatment  in  order 
t4j  oxtroot  it,  lis  it  is  not  removed  bv  the  ordinary  oiterations  of 
fhe  retiner.  A  similar  remark  is  Hiiplic-able  to  the  alloy  of  jilati- 
num  with  ^ol<l.  Small  quantities  both  of  phitinum  and  of  palln- 
dium  render  the  jjidil  nearly  white.  The  native  alloy  uf  osmiuiri 
nnd  iriiliiim  wliieh  frequently  aceomjianies  the  Calitbriiian  pdd, 
doesi  not  combine  witli  the  metal,  but  remaintt  dii^seminated 
through  it  iu  distinct  grains  after  tlie  gold  has  beeu  melted. 
These  grains  occasion  much  ineonvetiienee;  they  ot\en  ejJ<'aj»e 
notice  imtil  the  metal  passes  through  the  coining  press,  where 
they  make  themselves  ai>i>arent  bv  their  hardness,  and  by  the 
injury  which  they  conse<piently  intiict  up4)n  the  dies. 

Silver  and  gold  may  be  alloyed  with  eaeh  other  in  all  propor- 
tions. Tlie  alloy  whieh  they  form  has  a  pale  greenisli-yelhiw 
colour,  but  it  becomes  nearly  white  when  the  quantity  of  silver 
exceeds  50  per  cent.  The  malleability  i>t'  gold  is  less  diminished 
by  the  presence  of  silver  than  by  tliat  of  any  other  metal.  In  the 
.nrls  it  f're(iueutly  becomes  necessary  to  sepjirate  these  twometuls, 
and  this  is  n^ually  eflRt-teil  by  the  method  tenneti  quurtation  or 
jHiriitiij.  This  ojwration  depends  on  the  solnliility  of  silver  in 
nitric  acid,  and  the  insolubility  of  g(»ld  in  this  liquid.  It  is 
uece**arv  that  the  silver  shouhl  amouTit  to  at  least  three  times 
the  weJght  of  gold,  otherwise  jiortions  of  silver  would  be  mechaiii- 
caliy  protected  fn>m  the  ivjtion  of  the  acid,  and  the  separatir»n 
would  be  inconi]>lete.  If,  therefore,  the  allov  be  fomul  to  contain 
more  than  a  fouith  of  its  weiglit  of  gold,  sut^cient  silver  is  added 
to  redu(«  it  to  this  proportion,  and  hence  the  origin  of  the  tenn 
"  auartation."  The  metals  are  fused  together,  granulated  by 
bemg  poured  into  water,  and  they  are  then  digeste<l  iu  the  aeiu. 
The  gold  is  afterwards  melted  into  ingots,  tlie  silver  is  precipi- 
tated as  chloride,  by  common  salt,  and  the  chloride  is  reduced 
either  by  zinc  (O-it)),  or  by  fusion  with  an  alkali  (1>44).  On  the 
large  scale  sulphuric  acid  is  usually  sul>stituted  tbr  nitric  acid  ;  it 
i»  much  cheajter,  and  is  quite  as  efle<'tual  in  dissolving  the  silver 
if  boile<l  upon  it  (S'+7).  Indeed,  u\  refining  ujwn  the  hirge  scale, 
when  s»di>huric  acid  is  U£e<l  the  gold  may  be  obtained  cuntaining 
9^>>  or  IHX)  thousandtlis  of  the  pure  metal ;  whereas  when  nitric 
Acid  is  used  it  is  seldom  tiner  than  from  993  to  995  thonsaudtha. 

The  most  useful  alloy  of  gold  is  that  which  it  forms  with 
copper:  it  is  of  a  redder  colour  than  pure  gold,  and  considerably 
harder  and  more  fiisible,  but  it  is  less  ductile  and  malleable.  It 
is  this  alloy  which  is  used  for  coinage.  British  standard  gold  eon- 
tiiins  8"38  ix?r  cent,  of  copper,  or  11  parts  of  gold  to  1  part  of 
Ci>])|)er.  The  specific  gravity  of  this  mixture  is  IT' 157,  instead 
•»f  1S"47.  the  two  metals  expanding  a  little  when  they  unite.  In 
Frnileo  und  in  the  United  States  the  standard  gold  contains  10 
,  per  cenU  of  copper.    Jeweller*  freq^uentlj  alloy  their  gold  witU  * 
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mixture  i)f  o^pptT  wiil  silver.     The  sUftv.-  .-i 

wlieti  otu:v.  the  iimft'rittls  have  \>con  well  itiixe«l. 

tnnifncy  to  liijimtion  which  i" 

of  nilvt-r  ('.♦87).     Thi- boUlrr  ii  _         »• 

a11'),v  of  ifohl  with  iM>]>{>«r,  whidi  uielis  at  a  Wwor  letis^HTatatv 

than  |nirt'  f?ohl. 

{Ui)H)  Amity  of  GiM. — In  the  Jissjiy  nf  !^«M  m  iwrnlnnalirin 
the  pn>co!i»«*s  of  cnjX'lhition  ami  qiiitrtution  is  uiu|ilovtyl.  lit 
cMijiollatioii  i»f  gold  the  qi):uitity  of  loitd  which  i6  needed  m  i  ' 
tlcinhh'  lliJiT  cmpliivi'd  for  silver;  1  ]»jirt  nf  iv>p)HT  r  :  :iU 

32  parts  i»f  iuad.     The  iu*{ihv  of  ijold  fiiniif^ht**  rt»-M  in 

moi"*;  Accnrute   thiin  \\un^  ohtnined  in  thi 
The  los-  of  ijold  \\\  volatiiiziitiirii  ii*  v«tv  jiuir; 
any  of  the  inctiil  is  eiinied  into  tiie  eii[»el  liy  an  e.M 

Tiie  fojlowititc  is  an  outline  of  the  method  «d'>ptt 

of  gold: — The  quantity  of  the  alloy  for  >L«<<My  linxnn!;  Iiecn  Ace^ 
nitely  weit;hed,  it  is  wrappe<l  in  a  pieee  of  pav)er,  with  »  ti        ' 
tion  of  hilver  e<jual  to  ab<>»lt  3  times  that  of  the  ;r»l<l  whii 
alloy  is  eiipjxx'fl  to  contniii,*  ami  thi>»  iji  snhuii!      '  HI 

ITi  the  manner  ahvady  derieril»t*(l  when  s^jieakin. 
silver  (H.'^S).     l>y   tliis   meanri  the   t^ilver  and    \\\v 
thorontrhly  inei>rporated,  and  ti>e  e<jpper  is  oxi<liziNi 
by  thi'  en]»el  wirli  the  ovide  of  lead.    The  aurifenMi.4  tuition  i| 
hammered  into  a  flattened  disk,  of  alxjut  the  8l«*  ••'    ■ 
and  aiineuletl.  l)y  heatinj;  it  to  redness.    It  i^  next  j- 
u  pair  t>f  luiniiiatinix  n>llei>i,  hy  wliieh   it.s  thickiii 
to  that  of  an  ordinary  addre:4H  eard,  atter  whirji 
tiin<'  annealed,      Tlu-se  ii]H^nitions  render  it  sutlieientlv  tlt-xi 
ulhtw  of  itH  \M\\'r  coik'^l  Into  a  Miiall  spiral  l>y  follin^j  Ujtwt 
ringer  and  thiiiuli.     The  atniti  thus  ohtain^nl  i,;  next  I'nft 
into  a  tliisk  whieh  eontains  about  an  oimce  of  nilrie  ueiil  of  i 
1*180,  heated  nearly  to  the  hoilinjf-ptiint.      Briftk  evoloti 
nitrous  fumes  imine<liatelv  ensue* ;  the  sih'er  i«  gradually  dia 
uway,  juid  (he  gold  is  lefV  in  the  form  of  the  i»rigiiinl  eomH 
hrown,  porous,   very  brittle  ma-sj*.      After  this  fn-Ht  boilii 
been  continued  itM'  10  minutes,  the  llask  is  reiriove<l  fn»m  XV 
the  aeid  solution  is  jxinred  off,  and  the  e«>rnet  is  whaIkmI  by  Plir 
fully  pouring  distilled  water  upon  it ;  and  this  wttt<?r,  after  staa 
mg  for  a  couple  of  minuter,  is  again  poured  otf.     Sonic  traoMt 

•  An  Appmxiniatirc  ostimote  of  thp  composition  of  ■ 

by  tho  1180  of  tlie  l<nieli8t'-'ii<>,   thotis+i  H  in   wlit'itn 

MKfiyer:— A  uumb<.T  of  pi- 

gi>l(]  .mil  tv>pixT,  or  of  gold  .■ 

UA'2-i  pni-lc  '.i....i.)  I  I  ..  .  ,,„   ,,,,,,. 

Ibo  ou  ;  thi  :illci\i!«,  (ir 

'JudjffS  to  ...  ridii  to  till- 

this  he  rubs  iipdii  u  Irniil,  hUok  Htoriis  '  louoh^jtone,    »!■ 

inilioiiB  ipiArtz  rnrnn'rlr  ol>t>iiiinil  froiii  Lyilin.  in  A«ifi  ^' 

muj-  Iw  oiiiplim'il  f<.ir  :' 
|*Oliiur  of  which  is  ff 

L/r..- \    1,v    llx.     .11,..-   1.., 
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(flver  are,  however,  still  retained  by  the  gold,  and,  in  order  tc 
remove  these,  the  cornet  ia  again  boiled  with  nitric  acid,  which, 
this  time,  nrnst  be  of  sp.  gr.  1-280,  In  this  second  boiling,  which 
nust  be  continued  for  20  minutes,  a  small  fragment  of  charcoal 
ihould  be  introduced  into  the  flask,  in  order  to  prevent  the  ebulli- 
ion  from  taking  place  irregularly,  with  sudden  bursts,  as  it  is  very 
ipt  to  do  if  this  precaution  be  neglected. 

The  acid  having  been  poured  off,  the  flask  is  filled  up  com- 
|}letely  with  distilled  water.  A  small,  smoothly  finished,  porous 
slay  crucible  is  placed  over  the  mouth  of  the  flask,  and  the  flusk 
iiid  crucible  are  inverted,  so  that  the  cornet  shall  fall  gently 
through  the  water  into  the  crucible :  by  a  dexterous  movement 
[>f  tlie  hand,  the  flask  is  then  withdrawn  in  such  a  manner  as  to 
prevent  the  overflow  of  any  liquid  from  the  little  crucil^le :  the 
water  is  afterwards  carefully  poured  off  from  the  cornet,  and  the 
crucible  is  heated  to  redness  in  the  muffle.  By  this  means  the 
gold,  though  it  is  not  fused,  is  rendered  much  more  compact ;  it 
uirinks  in  bulk,  loses  its  brown  appearance,  and  assumes  the 
peculiar  colour  and  lustre  of  the  metal.  When  cold,  the  cornet 
18  weighed  Avith  the  same  precision  as  the  original  alloy.  The 
assuyer  calls  the  arbitrary  weight  of  the  alloy  upon  which  he 
operates,  1000 ;  his  weights  are  all  subdivided  so  as  to  give  him 
the  value  of  the  alloy  in  thousandths  of  this  original  quantity ;  so 
that  if  he  find  a  portion  of  the  alloy  which  originally  weighed 
1000  of  these  arbitrary  units,  to  yield  a  quantity  of  gold  equal  to 
916f  of  these  parts,  he  reports  it  as  916"6.  1000  ounces  of  such 
Ein  alloy  would  contain  916"6  ounces  of  fine  gold. 

The  amount  of  alloy  upon  which  it  is  most  convenient  to 
operate  in  assaying  is  half  a  gramme,  or  between  7  and  8  grains. 

The  gold  contained  in  the  cornet  is  never  absolutely  pure: 
it  retains  a  small  quantity  of  lead  and  of  silver,  and  frequently 
also  traces  of  cojmer,  which  render  its  weight  a  little  liigher  than 
it  ought  to  be.  In  order  to  ascertain  the  amount  of  this  error, 
a  number  of  proofs  are  passed  through  the  muffle  simultaneously 
with  the  alloys,  and  subjected  to  the  same  process  sis  the  alloys 
themselves.  These  proofs  consist  of  weighed  portions  of  fine  gold, 
to  each  of  which  is  added  a  proportion  of  copper  equal  to  that 
estimated  to  exist  in  the  alloys  under  examination.  The  excess 
of  weight  which  these  proofs  indicate  shows  the  aniount  of  the 
correction 'which  it  becomes  necessary  to  make.  This  correction 
is  liable  to  daily  variation,  according  to  the  temperature  of  the 
furnace,  the  more  or  less  perfect  sotlening  of  the  buttons  during 
annealing,  the  thickness  of  the  comets,  &c. ;  but  it  usually  vanes 
from  0*2  to  0*5  parts  in  1000.  Most  assayers  vary  the  quantity  of 
lead  according  to  the  proportion  of  copper  in  the  alloys.  I  have 
Pound  it  advantt^eous  to  use  the  same  amount  of  lead  in  all  cases ; 
the  correction  then  becomes  nnifonn  for  all  the  assays  passed  at 
one  operation. 

When  the  alloy  contains  very  little  copper,  as  commonly 
occurs  with  native  gold,  the  button  of  alloy  is  liable  '  to  spit '  as  it 
eools  after  the  cupefiation  ;  this  mischance  may  easily  be  prevented 
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by  the  atldition  of  a  small  fra^nent  of  copper,  uoJ  - 
of  a  •rruiii  iii  weit^lit,  before  ir»ti'i>ilucin^  the  allov  i; 

It  frequently  uat>pen«  tli?it  it  is  iiecchBary  to  asc 
portion  botli  of  gold  and  of  silver  in  u  given  lUIoy,     i 
tion  of  gold  }>repuiidt<riite,  tlie  qiiuiitity  <>f  gold  is  ■ 
the  imumcr  above  doijcribod,  and  tljat  uf  tlie  gold 
gt'tlier  is.  ascertained  by  submitting  a  i»ortioii  of  tl 
pellation  witli  the  l»jad,  aa  if  it  consl->ted  «if  salver  uul 
two  nietals,  gold  and  silver,  remain  n|x>n  the  ^^PpU  whi 
co]»pcr  and  m'«re  oxidizable  metals  ur^  al^iirWd.     T'      —<■' 
the  residual  button  give^  the  united  weight  of  the  g 
aiul  the  dilfercneu  between  thia  weight  and  tiiat  ot  tlic  gold 
will  of  eoui-se  furnish  the  proportion  of  silver. 

When  tiie  proportion  of  gold  is  very  small  O"  'h»t 

of  the  silver,  the  two  metals  arc  treated  witli  n  >fi<: 

(^without  submitting  them  to  the  usual  asMn-  fi>r  gold),  the 
oissolves  the  silver  and  other  metals  wliieh  uuiv  Ik;  presMait,  let' 
inw  the  c;old  in  the  fonn  uf  a  black  powder :  thiH  powder  niiut " 
colleeteu  by  sul>si<lence  in  one  of  the  small  lilw 

for  annealing  gold  eornets,  in  whieh  it  is  i_  .ai  a&ss; 

ward*  l)e  weighed  without  difficulty. 

(t»5t>)  OxiL)i;8  OK   (Tor,i>. — There  are  two  oxides  of  tfiM: 
suboxide,  Au^O,  and  a  peroxide,  Au,0, :  tlie  latter  poaMii»e>  adi 
prt)perties,  aud  is  frequently  termed  auric  acid. 

The  nuhtxuk  (Au,e=4<ii*-!!J),  or  prt^Kitid*  (A«0=2<H'S)_i 
obtained  as  a  dark  "reea  powder  by  i)i"ecipitAting  tl, 
ride  of  gold  by  a  dilute  solutiim  of  {Kita^h  ;  it   is  bIi. 
ill  excess  of  tiie  alkali :  wlion  digeste<i  with  ainnKiru<i   it   foi 
fulminating  gold  ;  hydrochloric  acid  converts  it  into  nietalli 
and  tercldori<le  of  the  metal.      Protoxide  ^ti  gold   underjk 
Buspensiou  in  pure  water,  and  pasees  through  the  tiiter;  but 
ing  the  A)lution  alYer  abiding  any  galiue  coit)]>uuud  oaiUiC»  ite 
cipitatiou. 

Pero,r'ide of  giM ;  J.uWtfrtOM7(Au,0,=44l*2.orAuO,= 
— This  eoni[»ound  is  best  obtained  by  dee»>ii 
the  t«irchloride  of  gold  hy  magnesia  ;  for  it 
lies  1)0  u^ed,  tliey  adhere  strongly  to  the   | 
combination  with  the  earth,  whicli  may  be  i 
diluted  nitric  acid,  and  the  oxide  of  gold  rcmaitis  h»  a  3  ■ 
drate,  if  the  acid  nsed  be  weak,  or  vk&  a  brown  onhvdrtMi 
strong;  it  18  very  readily  reduced  by  exposure  tonight,  and  tx  • 
temperature  of  alnjut  470°  it  is  resolvwl  into  mctaJlic   -j  '  '     '  li 
free  t.>xygen.     It  is  taken  up  by  strong  nitric  and  unlphu 
but  no  true  suits  are  fonned  ;  the  oxide  being  dci 
from  tlie-^o  evolutions  in  a  pure  statt;  ou  dilution.     Pi 
is  dissolved   by  hvih'ochloric,  }iydrol>roniic.  and  hytlriodie 
forming  tcrchloride,  terbrouiide,  and  terio<lule  of  ^..1.1 

When  hyilrated  it  i:>  readily  acted  on  by  the 
forming  salts  that  have  been  termed  aurcrAw,  wl 
water,  and  form  yellow  solutionB.  Aurate  of  j 
Ijzea  in  ycUowiah  needle*  (KAut>„  8  ll^^y  lir  KLf^-Vau, .  u 
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jlulion  raay  be  used  in  electro 
poundft  of  auric  acid  with  tlie  eaitli 
are  insoluble. 

Peroxide  of  gold  forms  witli  ammonia  a  dark  olive-bruwn  ful- 
minating compound,  analogous  to  that  fumifthed  by  silver  (942) ; 
tlie  same  (Mmjiound  may  be  formed  bv  adding  ammonia  to  the 
teri'ldoride,  but  in  this  eajH*  it  is  of  a  rtMldiHli-velluw  colour,  owing 
to  tlie  admixture  of  a  little  unimoniacal  subchloride  of  rrold.  So 
u;reat  i*  the  attraction  of  peroxide  of  gold  for  ammoina,  that  it 
aecomp^jst's  the  neutml  salts  of  ammonium,  Buch  as  the  sulphate, 
ariil  -^t^tti  the  acid  at  liberty. 

cinu)  SdlpkUle  or  hit>nlj>hu]e  of  gold  (Au,S,=914:-4,  or  AuS„ 
.=  2:i>  t!). — When  a  current  of  sulphuretted  hydrogen  is  trans- 
mitteii  through  a  cold  solution  of  tcrchloride  ui  r>;old,  a  black  pre- 
cipitate is  produced,  which,  acconlirifr  to  Lcvol,  Is  a  bisulphide,  or 
rather  ( Au,i^,An,S,).  It  is  soluble  in  the  solutions  of  the  sul- 
phides of  the  alkaline  nu-tnls:  its  solution  in  sidj>hide  of  sodium 
yields  a  Colourless  salt  which  is  soluble  in  alcohol;  it  crystallizes 
m  six-sided  prisms,  oonsistintr  of  (NaAuS  .  4  IJ,0,  or  KaS,AuS  . 
8  Aq;  Yorke),  2  AuS  +  2  Na,S  becoming  2  AuXaS  +  Na,S,.  If 
finely  divided  gold  be  lieated  with  suljdiur  in  contact  with  car- 
bonate v\'  potfissimn,  a  double  sulphide  of  gold  and  potassium  is 
formed;  it  resists  a  rod  heat,  and  is  very  soluble  in  water:  this 
Bulphiir  salt  is  used  for  gilding  china,  and  produces  tlie  colour 
known  a**  Burgos  luntre. 

(it»!l)  Chlokiuks  ok  Gom). — Gold  forms  two  comijounds  with 
chlorine, — a  protc»chloride,  AuCl,  and  a  terchloride,  AuC'l,. 

ProUidUorule  of  gold  (Au(1  =  232-1).— When  terchloride  of 
gold  is.  exposed  to  a  gentle  lieat,  it  fuses,  without  undergoing  do- 
comjK5sition  ;  but  if  tlie  temj^erature  he  raised  to  about  350°, 
chlorine  is  li^adually  expcUetl.  and  a  pale  yellow,  sparingly  soluble 
jxiwiler  is  left,  which  is  the  protoehloride.  It  is  an  unstable  com 
pound,  but  it  may  be  washed  with  cold  water  to  remove  any  un 
decomposed  terchloride;  boiling  water  converts  it  into  a  mixture 
of  the  terchloride  with  metallic  gi>I<l,  antl  a  similar  change  is  pro- 
duced by  exposing  it  to  light,  if  the  temperature  be  raised  a 
little  K'yond  4<tO'',  the  whole  of  the  chlorine  is  expelled.  Proto- 
chloride  of  {jold  when  digested  in  a  solution  of  caustic  potash 
yields  hydrated  suboxide  of  gold  and  chloride  of  potassium. 

Tei'chlornh  of  gold  (AuCl,=30:V):  Comp.  in  100  part/i.  An, 
04'S9  ;  C/1,  35-1 1. — This  compound  is  produced  when  the  metal  is 
di.ssidvod  ill  aqna  re^ia  ;  on  evaporating  the  solution  to  dryness 
at  &  temperature  m>t  exceeding  250°,  taking  care  to  maintain  the 
hydrochloric  acid  in  excess  over  the  nitric,  this  salt  remains  bo-- 
hmd  as  a  red  deliquescent  mass;  but  usually  a  portion  of  the  ter- 
chloride is  reduced  to  the  state  of  insoluble  protochlorido  :  indeed 
it  is  difticnlt  to  get  rid  of  the  last  portion  ot  acid.  It  forms  with 
water  an  orange-coloured  solution,  which  preserves  its  colour  even 
when  very  largely  dilutcl ;  alcohol  also  dissolves  the  chloride, 
and  ether  takes  it  up  so  freely  sis  to  separate  it  from  its  aqueous 
»vlution  when  agitated  with  it.     Chlonde  of  gold  forms  a  cryatr'^ 
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line  cotnpounJ  with  hyflroeliloric  atnd :  it  also  or 
chlori'ic-s  111"  tiuiny  ul"  tlie  biisylwii.-^  uictMls  to  iortii 
■tliat  witli  potfia?iain  (•rvBtnllizes  in   eftlurejicent  av.  *^"Q 

'coafeisttnj^  of  iJ  (IvCl,AuCl,)  .  5  II,0;  that  with   -  i->r.m 

I'lMir-sifled  prisms,  (NaCI,AnCi„  2  11,0).     The  i-hlnri'les  o\  aw 
of  the  organic  bases  also  form  erystallizable  double  ^alt.-«  with  Xe 
clihirido  of  f^old  :  these  compounds  are  often  emph»\ed  to  dete 
mine  the  LMinhiuinif  number  of  flie  or^iuiio  alkali,     "fhc  cl" 
of  gnld  ie  easily  rt'ihuted   by  many  eubstancert:   tliP  reai'tS 
ferrous  sulphate  in  ]iresenee  of  an  excess  of  aei'i 
meutii>ned,  so  likewi.se  luis  that  with  tefchloi'ide' 
Oxalic  iM-'id  produces  a  similar  precipitate  of  metallic  ^ 
in  acid  solutions;   for   instance,  2   AuCI,  +  3   11,(5,0, 
6  llCl-t-0  OO, :  the  powder,  when  viewed  by  retle<-tp<l 
pears  to  bo  of  a  brown  colour,  but  by  transmitted  li^'m. 
suspendeil  in   water,  it  has  a  piu'ple  tint.      Many  nrpmic 
Btanees,  if  moistened  with  a  solution  of  the  chloride  of  jjjol<] 
exert  a  reducing  elfuct  upi>n  it ;  hence  the  Hu;jers,  or  writincr-in 
if  washed  over  with  the  solution,  become  stained  of »»  vii  i 
when  exposed  to  the  sun's  liglit.     Metallic  j;<dd  is  ulso  n 
t.aine<l  fmin  tlie  solution  of  this  salt  by  other  means.     A  !*>luti«j 
of  sulphuroiis  acid,  or  a  currejit  of  the  gas  transmttN.i  ♦*. 
the  solution,  or  a  solution  of  one  of  the  sulphites,  jn 
gold  completely;  2  AuCl,  +  3  H,0  +  3  II,Ne,  =  G  11*  i  i 
+  2  An.     Phosphorous  and  hypopliospliurous  acids,  anil  s'»li 
of  their  salts,  produce  the  same  effect;  an<l  a  Himilar  ri' 
tained  by  contact  with  many  of  the  metals,  such  as  mei< 
per,  iron,  and  zinc.     A  stick  of  phosphorus  when   imuierde 
solution  of  (thloride  of  gold,  soon  hecomos  coated  with  thei 
metal ;  and  if  a  few  drops  of  a  solution  of  }>hosphoriis  in  ctUe 
'  or  in  bisniphitle  of  carbon,  be  mixe<l  with   a  very  dilute  eolotiid 
of  neutral  chloride  of  polo,  containinj^  from  O'U  to  l*<)  of  a  gr 
of  the  metal  in  a  quart  of  water,  the  gold  will  be  r.  ' 
coui^e  of  a  few  hours.     Provi<led  that  the  Ixjttle  <■• 
solutions  be  c.heMiicidly  cleJin,  the  motal  will  bo  >»ep 
tides  of  such  extreme  tenuity  that  it  will  remain 
the  liouor  for  months;  giving  to  it  a  ruby  re*!  or  am 
our  when  viewed  bv  transmitted  light,  though  it  uj'i'.  u- 
turbid  and  brown  when  seen  by  reflected  light.     If  flii.-*  re<l 
he  mixed  with  a  ^mall  quantity  of  a  solution  of  cuini 
ruby  tint  is  immediately  ehimge<l  to  puqile,  the  stn! 
tion  of  the  metal  undergoing  an  instantaneous  n 
6o<pience  of  which  the  licpiid   becomes  eolourh- 
and  the  whole  of  the  susjiendeil  particles  of  gold  uro  de|>oiMt<Hl1 
a  purple  but  perfectly  metallic  powder  (Karaday). 

(DtiiJ)  X  trrh/Htmule  of  gold  'i'*'y  be  formofl ;   it  cr 
ea.siiv,and  fonnsnunierousdoul>le»ait« withothori*4'*lii' ' 

TJicro  arc  two  iixlul^ii  of  gohl,  eorroponding  'o 
The  protiodide  is  a  yellow  insoluble   innvder.      " 
unstable  ;  it  ia  giren  and  Bpariiigly  soluble  ;  it  !■ 
with  tUeiod\v\e&  oVtUe  alkaline  metals. 
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(963)  Purple  of  Cassius. — ^When  a  mixture  of  stannous  and 
(tannic  chloride  very  much  diluted  is  added  drop  by  drop  to  a 
lilute  neutral  solution  of  terchloride  of  gold,  a  flocculent  purple 
leposit  takes  place.  The  same  compound  is  readily  formed  by 
ligesting  metallic  tin  in  a  neutral  solution  of  terchloride  of  gold ; 
fnetallic  gold  and  the  purple  of  Cassins  being  formed.  The  tnie 
nature  ot  this  compound  has  been  tlie  subject  of  much  discussion. 
Berzelius  concluded  from  the  researches  of  Figuier  {Atin.  de 
Chhnie^  III.  xi.  354)  that  it  consists  of  a  hydrated  double  stannate 
of  gold  and  tin  (Sn'^Au.Sn.0, 4  II.O,  or  AuO,SnO, .  SnO,SuO„4 
Aq).  Purple  of  Cassius  undergoes  a  suspension  in  pure  water, 
and  passes  through  the  filter,  but  it  is  separated  on  adding  a  salt 
to  the  liquid  and  boiling  it.  It  is  insoluble  in  sohitions  ot'  potash 
and  soda,  but  soluble  in  ammonia,  forming  a  deep  purple  solution, 
from  which  it  is  deposited  unchanged  if  the  ammonia  be  expelled 
by  heat,  or  neutralized  by  an  acid.  This  solution  is  bleached  by 
the  action  of  light,  and  gold  is  deposited.  Puri:ile  of  Ciussius  is 
decomposed  by  the  acids,  metallic  gold  being  left  ;  but  it  is  not 
changed-  by  the  action  of  light.  If  heated  to  redness  water  is  ex- 
pelled, and  a  red  powder  is  left,  which  is  a  mixture  of  metallic 

ffold  and  peroxide  of  tin.  Purple  of  Cassius,  when  mixed  with  a 
ittle  borax  or  some  fusible  glass,  and  applied  to  the  surface  of 
china,  imparts  to  it  a  beautiful  rose  or  a  rich  purj>le  colour.  It 
is  this  compound  which  is  added  as  the  colouring  material  in  the 
red  glass  of  Bohemia. 

(964)  Charactkrs  of  the  Salts  of  Gold. — The  salts  of  gold 
are  recognised  by  the  brown  precipitate  of  metallic  gold  produced 
hyferrovs  mdphaie  in  their  acidulated  solutions  in  tlic  absence  of 
free  nitric  acid ;  and  by  the  formation  of  the  purjile  of  Cassius  on 
adding  to  the  neutral  solution  a  dilute  mixture  of  dannous  and 
Ktanntc  chloride.  MetaUic  tin  yields  the  same  precipitate,  and  is 
a  still  more  delicate  test.  Salts  of  gold  are  reduced  to  the  metallic 
state  by  boiling  their  acidulated  solutions  with  a  soluble  oxalate 
or  stdphite.  Mercurotts  nitrate  also  gives  a  dark  brown  precipi- 
tate of  reduced  gold.  All  the  salts  oi'gold  are  decomposed  when 
ignited  in  the  open  air. 

(965)  Estimation  of  Gold. — Gold  is  always  estimated  in  the 
metallic  state.  It  may  readily  be  separated  from  all  the  preced- 
ing metals  by  precipitating  its  solution  by  means  of  a  solution  of 
Ferrous  sulphate,  after  acidulating  it  with  hydrochloric  acid. 
The  precipitate  is  collected  upon  a  filter,  ignited,  and  weighed  as 
pure  gold. 

§  IV.  Platinum:  Pt''=19r-1,  or  Pt=98-56.     Sp.  Or.  21-5. 

(966)  Platinum,  little  silver,  as  its  name  implies,  is  a  metal 
which  is  found  in  but  comparatively  few  places :  it  was  not  recog- 
nised as  a  separate  metal  until  Wood,  an  assayer  of  Jamaica,  in 
1741,  pointed  out  its  distinctive  characters.  It  always  occurs  in 
the  native  state,  usually  in  small  flattened  grains,  in  which  it  is 
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iiiixefl  with  palladium,  rlnHliutn,  i»i.niiimi,ni< ' 
— motiilij  wliich    arv   riircly  fouutl   except.  ■• 
lilatiniim.     ()(;casioTirtlly  it  cKicurft  in  larger   it- 
alloyed  with  gold,  aud  traces  of  silver,  and  with 
lead.    The  depo^it^  of  jilafinmn  tim  for  tho  inij^i 
alluvial  distrietft  usftociated  witli  the  debris  uf  tlu-  ^.. 
mcki^.     Platiuuni  ia  chiefly  Hupplied  &om  tJio  nuri< 
•  if  Brazil,  and  of  the  Ural  ^«)UiiUiius,     It  Iuls  nl-     ' 
in  California  and  Australia.    It  io  fle]>arated  hy  \ 
lighter  iinpurities  contained  in  its  ore. 

KrtriuiioH—Oiv  a<;coHnt  of  the  extreme  itifusihility  of  pi 
tinuiii  it  requires  a  mode  of  manipulation  whioh  u«  o>mpli««|i 
and  peculiar.     1.  The  method  ordinarily  employed  wae  runtri 
by  Wollast<m: — The  ore,  which  ui^nidly  contain*  (Wuii  75  tw 
per  cent,  of  platinum,  u  treated  tiret  with  nitric  acid,  and 
with  hydrochloric  acid,  in  order  tr»  remove  the  more  c-A»«Uy  nxidi 
aide    mi'tals,  alter   whi(rli  it  is  dijjjested    at  a  n 
diluted  aqua  rei;ia  a.s  long  a^i  anything  ie  diB^•'l 
of  the  jtlatinnin  taking  jMaoe  very  glowly.     It  in  !• 
to  phu^"  the  ore  in  hy(lroehlori«r  acid  and  luid  small 
nitric  aei<l  at  intervals  to  maintain   the    action,  taking  car* 
maintain  a  siitiicient  excese  of  hydrochloric  tw-id.  The  clear  liquii 
is  then  decanted,  and  the  residue  again  treated  with  fresh  «d« 
long  :i*i  anything  i«  dissolved :  into  the  mi.\ed  acid  eoln  " 
tion  of  jial  ammoniivc  in  •>  timcf*  it*  weight  of  water 
parts  of  the  salt  to  litO  of  oni):  the  great<'r  pari  ut    iha 
tinum  is  thus  preeijdtated  in  the  form  of  a  yellow  d<>uM( 
(2  II.XCI,PtCIJ,  which  is  sparingly  soluhle.     The  mother 
Btill  retains  a  portion  of  platinum,  which  is  precipitated  hy 
of  metallic  iron;  the  black  powder  is  redissolved  in  mnja 
and  again  jirecipitated  by  the  addition  of  sal  ammoniac,  Ihei 
ealt  thus  obtained  being  addeil  to  the  fir>>t  crop.     The  ehlori 
vlatiiium  and  ammonium  is  theJi  wa>>hwi,  and  Ip  111 

)y  wliicii  means  the  ammonia  and  chlorine  are  • 
the  platinum  behind  in  porous  slightly   eoliemil 
ttjHingi/ plallnrtm  is  powdered  in  a  vvikuKmi  mortar  an-j  .  . 
a  magma  with  water,  in  which  state  it  is  thoroughlv  wa>ihed ; 
metallic  particles  soon   9ul>si«le,  a«id   the   lighter  nnpur"  - 
carried  away.*     Tins  metallic  mud  is  next  iK»ured  int- 
what  conical  brass  mould,  closed  below  with  bloti ' 
supjiorted  by  a  plug;  the  greater  jtart  of  the  wad 
whii.'h  the  whole  is  subjected  to  the  action  of  a  vt^ry  j>»»w»-il<(l 
The  ma*s,  which  previously  was  of  a  dull  grey  colour,  ni-w  a- 
coiiqiHct  metalli<!  appearance,  and  acquires  a  specii  'f 

about  10;  it  is  next  ex|wscd  t4»  an  intense  heat  in  a  \\ i.m.1 

.srul  the  ingttt  is  forgeil  by  hammering  it  uj)on  its  two  en»i*,- 
iiever  upon  its  sides,  as  if  this  were  done  it  would  split.  Tfci 
heating   and    forging  is  several  times  i*op«">ated   uutil    the  ini 

*  Platinum   Uiim  riropnrcd  uauoll/  reUlna  a  tnioll  quunrttj  ut   IriiUunt,  fi\ 
Rccompuniii*  thi<  liuublu  ctilonde  of  pluUnnm  «nd  utiuiintiUiiii.     'D"    i>i..'ir..t 
fhe«d  from  lUik  \mpuxiit)  Xtj  Uk«  aictluxlj^m^|«]  iu  iMniirrupli 


'Comes  bomogeneona  anrl  dnetile ;  it  then  Iirp  a  sfpeiiific  jjravity 
Dt' about  2r6,  WoUastnri's  proces*  lor  working  platinum  depenas 
bpon  its  property  i^t"  weldino^  at  verv  high  temperatures,  Deville 
and  Dehray,  in  tlieir  important  memoir  t>n  nhitinum  and  the  metals 
vhieh  aoconipanv  it  (Ann.  tlf  Chlmie,  In.  Ivi.  3S5),  re«>mmend 
l^isioii  of  platinnm  hy  nieaniJi  of  the  oxyhvdrogen  l)l<>\vpi]»e,  in  a 
cavity  tbniieil  in  a  mass  of  lime,  for  the  parpose  of  freeing  eom- 
^ercial  platinum  from  the  eilicon  and  osmiani  which  it  always 
tains.* 

Deville  and  Dehray   have   introduced  an   entirely   new 

'  PeTille  and  Debray  employ  the  oiyhjrdrogon  blowpipe  in  Ihe  Ibllowinfr  manner, 

MTecting  the  fusion  of  platinum  and  the  refractory  metals  which  nccompany  it. 

■pponitTis  congiBtf  of  the  blowpipe,  o,  fig.  365,  k  furnace,  A  B  D.  and  a  crucible, 

fo  H  I.     The  blowpipe  is  conipos4?cl  of  a 


fte.  365. 


'•copper  tul«>  half  au  inch  in  diameter,  ttr- 

nuDating  below  in  a  elightly  conical  pta- 

tiaum  jet  nhont  an  inch  and  a  half  long. 

WllhJD  this  tube,  which  is  supplied  with 
hrdro^n  throUj^h  the  utopcook,  H,  is  a 
•eoond  copper  tube,  c',  terminated  also  by 
^«  platinum  nozzle  with  an  aperture  of 
•bout  a  twelfth  of  an  inch  in  diameter. 

The  fumacc.  a  B  D,  consislR  of  thre« 
pieces  of  well-burnt  lime  of  *Ii(?htly  hy- 
idnnlic  qaality,  winch  can  be  tomcd  at  a 
hthe  with  ease.  The  cylinder,  a,  Id  about 
"i\  inches  thick,  and  i»  perforaunl  with  a 

slightly  conical  tube,  into  which  the  blow- 
pipe Ut«  nj-curately,  and  is  allowed  to  pass 

about  half-way  tlirou)(h  the  thickness  of 

tlu-  niat!«.     A  second   somewhat   deeper 

crttnder  of  lime,  B.  is   hollowed  into  a 

chamber  sulRciently  wide  to   admit  the 

oradble  and  leave  an  interval  of  not  tnoro 

tiiBu  a  sixth  of  an  inch  clear  around  iL 

At  K  K  are  four  apertup:>3  for  the  escape 

of  the  products  of  cotnbustion. 

The  outer  crucible,  n  h,  is  also  made 

of  liisei,  but  it  contains  a  smaller  cnicible, 
1,  of  ga.s  coke,  providwl  with  a  cover  of 
the  same  material,  and  in  this  the  buI>- 
Jltancc  to  be  tViaed  is  placed,  the  crucible 
g  on  th^lime-support,  d  .  The  co- 
oover,  0,  is  made  of  lime,  and  il« 
should  bo  placed  exactly  under  the 
blowpipe  jet,  at  a  distance  from  it  of  from 
3  to  li  inch. 

The  d'irtertnt  pieces  of  the  furnace  must  be  bound  round  with  thin  iron  wire  to 
Kupport  them  when  they  crack.  The  oxygen  is  admitttid  under  a  pressure  of  a 
column  of  16  inches  of  water.  The  tcmiMjrnture  is 
grailunlly  rnised  to  tlm  moiiiuimi,  and  in  al>out  8  niin- 

nCts  from  this  time  the  cij-ieriment  is  complete. 

By  employing  a  jet  of  mixed  coal-gas  and  oxygen 

(B  Q,  V\^  .tCR)  in  a  furnace  of  lime,  A  B,  provided  with 

lip  at  V  for  pouring.  Deville  and  Debrny  sncoeeded  at 

BD  expense  of  about  43  cubic  feet  of  oxygen,  in  melt- 
ing and  refining  in  i'l  minute!>,  2.5'4  lb.  aroirduifois  of 

platinum,  and  casting  it  into  an  ingot  in  a  mould  of 

ga«-r!oke ;    and  much  larger  masses  hivo  since  been 

uielted  by  this  inetlii>d.     Lime  is  so  bad  a  conductor 

of  heat,  that,  if  a  cup  of  lime  not  more  than  08  inch 

thick   l<e  tilled  with  melted  pUtinum,  the  exterior 
>  (CHnMly  risL-s  beyond  300'  F. 
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raetlnul  for  the  extrar-tiot)  (if  pliitinuiTi  fmtn  \U  > 

fulliiwiii^  is  (III  outline: — A  small  ivvt-rlieniton 

of  whii:h  la  composed  of  a  lioiniftpherical  civvitv  oftii 

with  clay,  is  lieated  to  full  redness,  and  m  c4i«'->.'.- 

2  cwt.  o^  the  platinum  ore,  mixed  with  an  etjuiil 

i*  added  in  small  qnantitioB,  etirrinc  with  irt>n  r<i.i- 

tiniim  and  lead  ore  have  (•ombined  into  a  matt.    A  - 

of  ifhiss  h  thrown  in  to  act  as  tlnx,  and  hv 

litharire  equal  in  weight  to  the  <r<dena  emjiv 

sulphur  is  thus  c'linpletelv  oxidize"!  ami  expelled,  m 

of  the  fjalena  and  the  litharge  ii*  reduced  to  the  metal! 

it  forms  an  caiiily  fu^ilde  alloy  with  the  platinum.     I'he  melt*!] 

mass  is  now  letV  eumpletely  at  rest  for  some  time.    Tlie  ofijnlde  tn 

iridium  (which  is  not  attacked  at  all  during  the  opemtiuui  irr 

dually  sitiks  to  the  hottom  of  the  liquid  alluy,  and  t! 

tiouri;  of  the  platiniferous  lead  are  cautiimsly  decan; 

iron  ladles,  and  eai^t  into  intjot  moulds.     The  residue,  o'litiituui 

the  osTuide  of  iridium,  is  aclded  to  a  suh^equent  ineltint;:. 

The  platiniferous  lead  is  then  Ridanitted  to  eujiellation  in  HA 
ordinary  manner,  and  the  crude  metallic  platinum  lelV  Kfter 
lation  is  reliued  by  fusion  on  a  betl  of  lime,  by  means  of  th< 
hydrogen  blowpipe:  af^er  underpninj;  this  operation  it  fiir 
jdatinum,  nearly  pure,  and  very  <luetile  and  uudleablc. 

The  allo^- of  platinum,  iridium  and  rhodium  is  well  vi'^ 
the  preparation  of  crucibles,  for  if  the  pro{>orlion8  of  tJ 
be  properly  adjusted,  this  alloy  is  harder  and  re!*ist*  «  liigluT j 
]>erature  than  pure  ]>latinum ;  at  the  same  time  it  Is  («=«• 
attacked  by  chemical  agents.     Such  an  alloy  may  he  oht 
from  the  crude  platiniun  ore  by  simply  fusintr  it  W  the  oj 
drotren  blowpipe  upon  a  bed  of  lime  with  a  tjiiantirv  of  lln 
equal  in  weight  to  the  amount  of  in>n  in  the  ore.     Putli  "* 
and  osmimn  are  volatilized  dnritifj  this  prwtfss  of  fusion, 
the  copper  and  iron  lioeome  oxidized,  and  form  fufiible  oorapoM? 
with  the  lime. 

(OrtT)  ProjKrtu-s. — Platinina  is  a  white  metal  Biwceplible  ol 
high  hifttre.  and  when  pure  is  alxnit  as  hard  as  copper.     In  dtjcti 
lity  it  rivals  iron,  aud  in  tenacity  it  is  inferior  only  to  ir"U.  »?t»lwl1j 
and  nickel,  and  perha])s  copper.    It  resists  the  hi  '      '  '      '    H 
forge;  l>ut  it  may  bo  t'used  by  the  voltaic  batti 
hydritgi-n  lilowpipe,  bi'fure  wdiicli  it  is  volatilized,  and  it,  din|N 
with  seintillalidns.    Deville  and  Debray  etatc  that  it  al>s4)rkij 
gen,  and  if  meltrd  in  considerable  masses  spits  like  siUer  on 
cooling.     Attempts  to  erystallixe  t>latinnm  artiticially  hnr»1^ 
succeeded,  but  very  perfect  oetohedra  have  been  met  with  in  ifc 
native  beds.     Its  specific  gravity  difiei-s  pomewhat  with  tl 
of  manipulation  to  which  it  has  been  subjected,  but  it  ' 
tween  21  and  'J2,  >ieing  (with  the  exceptlou  of  iri'"' 
ifiluin,  which  are  equally  den^e)  the  heaviest  form 
vet  known.     It  exoands  I(^s  by   heat  tlum  any  nth. 
in  its  power  of  conducting  heat  and  ehvtricity  it  is  i 
to  gola  ftni\  s»\vcT^ — ^ii'k  llvcao  ro^yvectiS  raidving  veiy  near  to  it 


PLATmrM   BLACK — USES  AND  ALLOTS  OF  PLATINUM.  Y03 

Platinum  does  not  undergo  oxidation  in  air  at  any  temperature : 
none  of  the  acids  have  singly  any  effect  upon  it ;  aqua  regia  dis- 
solves it  though  but  slowly.  K  heated  to  redness  in  air  in  contact 
with  caustic  alkalies  or  alkaline  earths,  especially  with  hydrate  of 
lithia  or  with  baryta,  it  is  corroded,  owing  to  the  formation  of  an 
oxide  which  combines  with  the  alkaline  base.  When  phospliorus 
is  heated  with  spongy  platinum,  combination  between  them  takes 

{>lace  readily.     The  attraction  of  sulphur  for  platinum  is  much 
888  powerful.     Dry  chlorine  is  without  action  upon  this  metal, 
even  when  aided  by  heat. 

(968)  Platinvin  black. — Platinum  may  be  obtained  in  a  state 
of  subdivision  still  finer  than  that  in  which  it  is  left  on  heating 
the  double  chloride  of  platinum  and  ammonium.  In  this  form  it 
has  the  appearance  of  soot,  and  is  termed  plMinum  bl^zck.  It 
may  be  procured  in  this  condition  by  several  methods,  of  which 
one  of  the  most  efficacious  consists  in  dissolving  platinous  chloride 
in  a  strong  solution  of  caustic  potash,  and  adding  alcohol  to  the 
hot  liquid  which  is  placed  in  a  capacious  vessel,  and  kept  con- 
stantly stirred;  brisk  effervescence  takes  place,  owing  to  the 
escape  of  carbonic  acid ;  the  platinum  is  reduced,  and  is  deposited 
as  a  black  powder,  which  requires  repeated  washing, — first  with 
alcohol,  next  with  potash,  then  with  hydrochloric  acid,  and  lastly 
■with  water.  Platinum,  in  this  finely  divided  state,  greedily  con- 
denses oxygen  from  the  air,  and  absorbs  many  times  its  bulk 
of  the  gas.  If  moistened  with  alcohol  or  ether  it  imparts  this 
oxygen  to  them,  and  forms  new  compounds,  whilst  the  powder 
glows  from  the  heat  which  is  extricated.  In  all  its  states,  pla- 
tinum possesses,  in  a  marked  degree,  this  property  of  condensing 
gases  upon  its  surface;  and  the  more  finely  it  is  divided,  ana 
consequently  the  larger  the  surface  which  it  presents,  the  more 
striking  is  the  phenomenon. 

(969)  Uses. — The  most  important  applications  of  platinum  are 
connnea  to  the  laboratory  of  tlie  manufacturing  and  experimental 
chemist ;  they  depend  upon  its  great  infusibility,  and  its  power  of 
resisting  chemical  agents.  Its  introduction  as  a  material  for  the 
oonstruction  of  apparatus  employed  by  the  analytical  chemist  has 
contributed  in  no  small  degree  to  the  rapid  progress  of  the  science 
during  the  last  forty  or  fifty  years,  by  conferring  upon  its  experi- 
ments a  precision,  neatness,  and  accuracy  till  then  unattainable. 
In  the  concentration  of  oil  of  'sntriol,  large  platinum  stills  are 
frequently  employed ;  some  of  these  vessels  weigh  upwards  of 
1000  ounces.  It  is  found  expedient  to  gild  these  vessels  upon  their 
inner  surface,  for,  unless  this  precaution  be  adopted,  the  stills 
when  made  of  platinum  prepared  by  WoUaston's  method,  after  a 
short  time  become  sufficiently  porous  to  allow  the  acid  to  transude. 
An  attempt  was  made  in  Russia  to  employ  platinum  for  coinage, 
but  it  was  found  to  be  inconvenient,  ana  the  experiment  has  been 
abandoned.  Platinum  is  sometimes  used  for  the  touch-holes  of 
fowling-pieces. 

AUot/8. — ^Platinum  may  be  easily  alloyed  with  many  of  the 
more  fusible  metals,  the  combination  generally  talcing  place  with 
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the  f^ttripiition  of  liglit  Htnl  licat.     Those  ttllnvs  are  mnA  mm' 
fusihly  tluuj   pure  platinum:  care  must  tltfretbre  V>e  talctn  niflta 
Iwnt  lIiL'  Mxidt'!*  of  t'lte-ily  rp<lucj?il  metak,  f^iich  as  lead  i»r  Irbiimtii, 
in  platinntii  erucible^.  as  it'  tlie  oxides  shonld  happen  tn  be  reduced, 
th(?  cruc-ihhj  would  he  d&«;trnved  by  the  formation  of  u  fnabl« 
allov.    Moftt  nf  the  plaHiium  of  commerce  contains  iridium,  wliied, 
without  itiijiairing  its  power  of  resisting  chemical  agents,  incrpaw- 
its  lijirdiipss  and  dundiilitv.     It  is  remarkable,  that  though  ptBij 
platiumn  is  }>erleotly  insoluble  in  nitric  acid,  yet  when  allnved 
with  10  or  12  times  its  weight  of  fiilrer,  both  metals  »re  easily  anil 
coinpU.*tely  dissolved  by  the  acid.     An  anmlgain  of  platinum  mu 
be  formetl  by  acting  upon  an  amalgam  of  8odinm  with  a  mntm 
solutiim  of  the  double  chloride  of  platinura  and  sothuoo;  and, 
according  to  Level,  when  tliis  jimalgam  is  attacked  hy  nllric  acid, 
the  idatinura  as  well  as  the  niercnry  is  partially  dis?olve'L 

Platiniun  enters  into  combinution  with  cjirbon  and  withaliton; 
fionietiuies  in  the  fusion  of  ordinary  phitinum  wire  belbi'^tlieliliiw* 
pipe,  the  globules  of  the  melted  metal  become  c<.»vered  wJtJi  h  tilio 
of  ctdourless  glass,  arising  from  the  oxidation  of  tlje  siUcim  ami 
the  fusion  of  the  resulting  silica.  A  brittle  grRuolar  eompcmiiiltf 
platinum  and  silicon  was  accidentally  obtained  by  Danicil,  rtwing 
to  the  action  of  silicon  at  a  high  temperatnre  upon  one  of  the 
platinum  bars  of  hia  pyrometer.  It  appeared  to  lie  formed  bj I 
kind  of  cementation,  the  silicon  being  denved  from  theclsyoflht 
envelope  i%  which  the  bar  was  heated  ;  the  proportion  ot  silit^'Q 
amounted  to  1'5  per  e«nt.  A  fnsible  eoinpound  of  platinom  vitli 
boron  wi*A  idsu  obtained  by  Wolder  and  DeviUe. 

(970)  Oxides  of  Platd^dm. — There  are  two  oxides  of  plati- 
num, a  protoxide  and  a  binoxide.  7]ie  j>roto.mde  {j>latinmm  >mif, 
PtO  =  3X3,  or  PtO=106*5)  iu  procured  by  digesting  plfttinouj 
cliloride  in  a  solution  of  potash :  a  dark  olive-green  lifjuid  is  tLus 
obtuined,  owing  to  the  solution  of  the  oxide  in  the  excess  of  alWi- 
On  neutralizing  tliu  solution  with  sulphuric  acid,  a  blaek  hydrated 
prtitoxide  of  platinnm  subaidBs,  It  is  slowly  disaolved  by  acidi, 
forming  nnstable  salts  with  them,  and  is  readily  decomposed  bj 
heat. 

The  Uryjscide  {jp^Mlnic  oside,  fH0,  =  229,  or  PtO,  =  114  5) 
has  a  strong  tendency  to  combine  with  alkaline  bases ;  it  istliei* 
fore  prepared  by  adding  to  a  solution  of  nitrate  of  platinruu  oalf 
one-halt  of  the  quantity  of  carlKjnate  of  aodiam  which  is  neccf&siT 
for  \u  complete  precipitation.  It  is  thus  procured  as  a  vohrain* 
ous  brown  hydrate  (PtO,,  2  II.O),  from  which  water  is  cjqielleJ  st 
a  gentle  heat,  whilst  the  uia^s  becomes  darker;  a  higher tenn«ni- 
ture  expels  the  whole  of  the  oxygen.  Hydrated  binoxide  of  [>1>- 
tinuui  1*  soluble  iti  solutions  of  potash  and  soda  ;  the  componnds 
thus  formed  may  be  obtained  in  crystals.  The  soda  corafMiond 
consists  of  Jf  jv,€>,  3  Pt0„  ^  ll,0.  Binoxide  of  platinnm  aUo  enters 
into  combination  with  other  bases,  fonning  compounds  m(wt  of 
which  are  insoluble.  The  oxide  is  also  soluble  in  acid^  andforntf 
well  characteriied  ealts^  the  solutions  of  wluch  have  a  jellorisli' 
brown  colour. 


BrtPHTOES   AlfD  CntOKTDIS  OF  PLATnOfSr. 


(071)  Si'Li'iiiDES  OP  Platini'M. — Platinum  combines  wilh  snl- 
pliur  ill  two  proiiiirtious,  PtS  and  PtS,. 

T\w  jtrtttmutjthStU  (PtS)  may  be  obtained  as  a  black  precipi- 
tate by  pafteing  (inljilinrettcd  hydrogen  over  moistened  pfntinona 
chloride;  it  nfay  ^di^o  l»e  pnM-nred  l>y  heating  eulphur  with  the 
dinibkr  (•hloritie  of  jihitinuin  and  ammonium,  when  it  assumet  the 
tcirin  of  a  grey  powder  of  iiietsillic  «]ipenruiu'e,  from  which  the 
Buljtbiir  i>i  fonipli'ti'ly  expelled  l>y  heating  it  in  the  o|)en  air. 

The  hixuljm't'l)'  (PtS.)  is  best  procured  by  dtx'om posing  tlio 
<ioidile  chloride  of  sKKlinm  and  jthitinum  by  sulphuretted  hydro- 
gen ;  it  falls  as  u  durk-bn<wn  j»owder,  which  beconu^s  black  dur- 
jnff  desiccation.  It  is  somewhat  soluble  in  the  eidphides  of  the 
Alkaline  metals.  By'ignition  in  dosed  vessel*  it  is  converted  into 
pixitoi-iilphide.  When  ox]>ose<l  to  the  air,  and  gently  heated,  it  is 
jitirtinlly  converted  into  -idpiuite.  but  at  a  higher  temperaturo  is 
wholly  deconipose<l.  metallic  platinum  remaining. 

(1)72)  Cnj.oitniK-'*  <iF  P^.v-nNUM. — These  correspond  in  nnmlier 
to  the  sulphides  an<l  oxides  of  the  metal. 

In  oriier  to  prociire  the  ;>/rt^/;ur«>(  cA/*/m/(?  (PtCl,  =  268,  or 
j>rot(>chloride.VxQ\  =  134).  the  t-olntion  of  platinum  it»  aqua  regia 
^xiiiM  be  evajKirated.  an<1  the  residue  exp(Kscd  to  a  heat  of  450°, 
fr«j  lung  as  any  chhu-ine  isexi)elled  ;  the  compound  which  remains 
h  platiiions  cldoride.  It  is  of  an  olive  colour,  and  is  insoluble  in 
water:  if  is  scarcelv  acted  u])on  by  nitric  or  by  sulphuric  acid  ; 
liydrochloric  acid  dissolves  it  when  warmed:  and  it  is  flissolved 
easily  by  caustic  p<.>tash,  and  by  llie  tetrachloride  of  platinum, 
"witli  which  latter  it  forms  a  double  salt,  of  so  deep  a  brown 
odunr  as  to  ajipear  opaque  in  a  concentrated  solution.  It  forms 
crj'stallixnble  double  salts  with  the  <'hloridf^  of  the  alkaline  metals. 

Plntlnii'  I'hhtrkh,  or  ti'iriufilt>ritle  (PtCl,  =  3:30,  or  hichloride 
f>fj,litt;n>im,  PtCl,  =  IW-f)):  (',>mp.  in  H)<^ jxn-ffi,  Pt,  .58-14;  CJ, 
4l'8i'i. — This  salt  is  obtain»Ml  by  dissolving  phitinnm  in  aqua  regia, 
anil  evapoi-ating  the  solution  to  dryness  by  means  of  a  steam 
heat.*  It  ife  a  deliquescent  salt,  and  forms  a  deep  orange-coloured 
eoliition  in  water,  from  which  it  may  be  obtained  crystallized  in 
prisms;  it  is  also  dissolved  laiwly  by  alcohol  and  by  ether. 
»Vhcn  heated  to  450"  it  loses  hall  its  chlorine,  foniiing  jdatiuous 
chloride,  and  if  the  temperature  be  farther  raised,  it  is  completely 
tlecomposed,  and  metallic  platinum  is  left.  Tetrachloride  of  jila- 
tinuTii  nuiy  ea.-»ily  be  reduced  to  a  platinous  salt  by  transmitting 
feiilphurous  acid  through  a  boiling  solution  of  the  salt,  containing 
Ijyurochloric  acid  in  excess ;  by  excess  of  sulphurous  acid  the  so- 
lution is  slowly  rendered  colourless,  when  it  contains  platinous 
■Biilphite  and  free  hydrochloric  acid. 

■  In  an  active  laboratory  a  number  of  residues  containing  pljilinuni  grfilually 

ftcoimnlatr.  iind  thpse  uiay  lio  turned  to  account  in  the  following  roaonor: — Tlie 

!  with  the  precipitatee,  sre  evuporated  to  dryness,  aod  tntnaferred  to 

in  nhifh  they  aro  heuted  strongly,  with  free  ucocss  ofair,  in  order 

•    ;  after  whioh  the  re  idin?  is  boiled  with  hydrocWorie  arid, 

with  nitric  ncld .  n  thorough  washing  wnih  wnter  follows. 

Mvii,K  Mills  been  reniovud,  the  residual  plaiiuura  may  be  converted 

10  by  uietins  otat^aa  rvgiu. 


roG 


BASES  DERITKD  FROM  THE  CHLORII>RS  (XT   PLATCmC 


Witli  othor  chlorides,  perelilori<le  of  pi  i 
doill)le  salts,  whieli  arc  ]>ro<lucc(l,l>y  inixiii, 
chlorides   with  thi»t.  of  tin?  tetrachloHiIf,  iiiuj  cvuporatiiii 
doulle  ch/oriile  uyith  poUiJ<i*iiini  (2  KCI.PtCl.  =  ISK,  or  KO 
=  244;  ftp.  gr.  S'oSO)  is  a  sparingly  sola  Mo  anhvdrou^  <*«« 
■which  crystallizes  in  octohcdni ;  it  is  ini>olulile  in  nlc^ibol 
ether,     t* hin  &alt  is  oommonly  u^ed  as  a  inoMue  of  dct< 
nnalytically  the  qnniitity  of  potassitiin  in  a  coinuound  :  10 
of  this  8ftlt  eoiitaiii  Pt,  "40-43  ;  K,  Iri'HS,  =  as  K,<^.  H»-'jn. 
decoinix«*t'd  by  a  red  heat,  into  chloridt-  «)f  pot.M 
platiiiutii.     The  double  ehlorlxh  of  nlatinutn  an 
PtCl,,  fi  II,f>,  nr  NaCl,PtCl,.  6  Aq)  crystallize*  in   beaatii 
Btriated  prisuis,  which  are  soluble  in  water,  alcohol,  and] 
With  chloride  of  mnjnffnivm  a  compound  ie  forrawl  (2 
PtCl,  =  44r.,  or  H.NCl.PtCl,  =  223)  veiy  simi'lar  in  apj 
that  with  pt")tajv.ium,  with  which  it  is  is^omorphoii*  :  it  i?  ej 
soluble  in  water»  and  is  insoluble  in  alcohol  and   in  ether, 
salt  is  eiMployed  in  analysis  for  detcnnininir  tbf  qTinnfitv  "f  3n»>, 
inonia  present  in  solutions;  lOOpart**  of  tin 
and  II,/k,  7"65.     It  iu  alsw*  made  use  <if  t"        , 
from  the  other  metals  with  whi<!h  it  is  associated.  ;. 
been  brought  intt>  solution  by  treating  tJie  ore  wim  ,i<ji 
(96B).    When  the  chlnride  of  platinum  and  ammoninm  ie  ii_ 
the  ammonium  and  chlorine  are  wholly  expelled,  Rnd  paroi 
num  remains  in  the  spongy  form. 

{\)'i'i)  Basli^  Amuwni4icid  Dtrirathys  from  t/f  ''-.w 

Platinum. — The   action    of   umuionin    u]>i»n    plaii 
gives  rise  to  the  formation  of  several  remarkable  coutpouud  hw^k 
the  composition  of  which  offei-s  considerable  intcireist  m  a   ' 
ical  point  of  view.     Magnus  fonnd  that  if  jiIatinMHit  chl 
difisolved  in  hydrochloric  acid,  the  a<ldition  of  an  ev 
nia  to  the  boiling  solution  causes  the  deitositioliof  1 
aeicular  crystals  which  are  insoluble  in  water  and  ''■■ 
acid :  they  contain  the  elements  of  1  atom  of  plai 
and    2   of  ammonia   (Pt"(M,H,Xj.     This   coinp- 
undergoes  no  change  when  digested  at  ordinary  !• 
solutions  of  the  caustic  alkalicft,  or  in  the  concentr 
when  boiled  with  them  it  is  slowly  dec«>»nt>(»so«l. 
diluted   nitric   acid,   one-half  of  the   platinum    i&  *e^ 
nitrate,  and  on  evaporating  the  »*olutioii. 
tallized  in  small  tlattene<l  prisms  (Pt('l,ll, 
the  chlorine  nor  tin-  platinum  can  be  detf^ 
the  usual   tests.     The  nitric  acid  may  bi 
doiilde  decomposition    with  s!dj)hate,  phospliate,  or  oxa 
sodium,  and  a  sparingly  soluble  sulphate,  ph"-'-'' 
of  tlw  metal  is  tlien  formed.     The  base  of  tn<' 
called  (?rott^8  mils,  from  tl»o  name  of  their  diN<:..>.Txrj  •^ 
been  iaolated. 

Rnewsky  discovered  that  if  tin 
with  coticfntrateil  nitric  acid,  n-- 
diffiiircnX  aaXt  'va  ^ovmcd,wUuJuBiaLiiB  ohtaiu«<l 


IK   CIIT.ORIDK%   Oy   PLATWrn. 


IJOmtioti.     Tlic  iiitrii'  avid  inny  be  <iisj)lac(Hl  from  tins  compound 
>y  nn  CMjuivaleiir  (juantity  ofojoiliL"  or  nl"  carl  mil  ic  ut-itL 

lic'sifles  tliese  c'«im|MHiiu]s,  otlior  platinum  bases  derived  from 
aniutoniii  Lave  bet.'U  obtained,  of  which  the  following  is  a  brief 
account. 

Ploioisaminf ;  Rf'n<e{'«  seamd  base  (Pt"II,N,,II,0). — This  is  a 
pn'vibii  mass  insoluble  in  water  and  in  annntmia.  which  may  Ikj 
obtained  by  heatin;;  the  liydrato  of  diplatosamlne  (Pt"li„N„ 
2  11,^)  to  jjiitl",  so  lon<i  as  it  givcB  off  water  and  amnnjiiia.  It 
ctjnibines  with  a('i<ls,  aitid  fDrniti  salts,  most  <»f  which  arc  iiisfiluble, 
and  are  decompoped  on  the  ajiitlication  of  lient.  Uydrochlorate 
of  i>l»t^>saniitie  (Pt"lI,N„  2HCl)  may  be  obtained  by  heating  the 
cliloride  of  the  followinj;  base,  so  long  as  it  gives  off  water  and 
nmnumta. 

Di/>hfomTnhi,?  f  I?n'fid'sjtr«f  ?«w  (Pt"II,.N„  2  TT,0).— This 
substance  may  be  procured  sis  a  hydrate  in  deii<juescent  needles, 
which  are  iiowcrfnlly  alkaline,  caustic,  and  absurb  carbonic  anhy- 
dride fnini  the  air.  It  is  usually  isolated  by  decomjxisinjr  its  sul- 
pliate  by  its  exact  e<iuivalent  of  hydrate  of  baryta.     In  order  to 

fircpare  its  aaltj*.  the  green  comjx>und  of  Mstgnus  (Pt,('l,II„N,)  is 
irouglit  into  solution  by  boilinij  it  for  some  hours  with  a  sniiition 
of  caustic  nmuMJida,  when  the  hydrochlorate  of  (li]>ljttosamine 
(Pt"lI,„N„  '2  IICl)  ifl  fonned  in  the  liquid  and  crystallizes  ca>;ily. 
If  ft  solution  iif  this  salt  be  decomposed  with  an  equivalent  of  sul- 
pliate  (ft  silver,  the  suhihate  (»f  diplatosamine  is  obtained,  and 
may  readily  l>e  ]>rocured  in  crystals;  the  nitrate  may  be  obtained 
,  by  eiuiilar  means. 

Platinnmive  ^  Gt^rhanJfs  ha^e  (Pt"'n,N„4  IT,0). — This  com- 
pound may  be  obtained  in  the  form  of  striated  very  brilliant 
rluunboidal  prisms  of  a  yellowish  colour.     It  is  nearly   insoluble 
in  boiling  water,  is  not  decnmpoH^'d  by  a  hniliug  solution  of  ]H)t- 
ash,  but  is  rea<iily  dissolved  by  diluted  acids,  and  fonns  a  large 
number  of  crystal lizable,  sparingly  solulile  salts,  whii-li  are  of  a 
yelliiwish  colour.     8oine  of  these  salts  are  neutral,  and  some  are 
acid.     Phitinamine  is  usually  obtained  by  adding  ammonia  to  a 
[  boiling  solution  of  the  neutral  nitrate.     11  chloride  of  platosamine 
\htf  8iisj)ended  in  lioiling  water,  and  submitted  to  a  current  of 
chlorine,  it  combines  with  chlorine,  and  is  slowly  transformed  into 
I  hydrochlorate  of  platinamino  (Pt''n,N„  4  HCl),  and  this  by  long 
boiling  with  nitrate  of  silver  is  converted  into  basic  nitrate  of  pla- 
[tinaiiiine  (Pt'^H.N.,  2  HNO,,  4  H,e). 

Jjlpbit'rnamine  is  6U}>posed  by  Gerhardt  to  be  the  base  of  the 
lealts  lit  Ciros  and  of  Raeweky  ;  but  it  has  not  as  jet  been  isolated. 
Tlie  following  table  contains  the  fommliB  of  the  principal 
rics  of  these  compounds  whicli  have  been  ascertained  to  exist  :* — 

♦  Tbe  followrng  popt-re  may  be  consulted  upon  this  Hiibject:  Oros,  An7\,  <h  Chi- 
II    Uii    204;   Rtiset,  /6."ni.  xi.  417;    Raowskf,  lb.  III.  ixii.   2T8:   Peyrone, 
n'^'«  Annul,  li.  I,  itud  It.  20&;  Gcrhyrdt,  Complea  Rendug  da  Tr<n>auxde  Chimie, 
ir  '  '   Orhardt,  1840,  p.  113,  and  1850,  p.  273;  Buckton,  Q.  J.  Chem.  Soa 

22. 
•  iin.  rvtit  liOM>9  mny  oSviously  be  rt^jroTiled  as  ammonuix  In  wliioli  part  of 
\'ho  hi'lro^vu  in  ouc  or  two  iil«mj  of  iiuiroonin  hr.s  been  diFplawd  by  }h(<U(iaMitu)w  ' 
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I.  Snlb  of  Plattmrnvnt  (Beiact'a  second  )aw«X 
r  PtJI.XO  •  PI  n.JfnH.i* 

'  ^ .,  ,.  .1^).**/.  ^!*IT'.  \  PiH'^'o  Pt  ■R,N.,  i  na 

■Nitrate  of  pUrtosamine. PtII,NO,NO.  Pt'E^N^  S  HHB,. 

DipUtosamiDo  (lirdrou- ol")       Pih  .' H.O 

Hydrochlorate  of  dipLiwaa-  )  ptH.x.Cl  Pt  H.JI.,  5  HOI 

mine ) 

Magnus's  green  8i»lt PlH,N»Gl.Pia        Pt  H,.S..  3  HCV  W 

'^'El^S"!!..*''  .^'^^  I  "^'  Pi°»2f  A  2  CO.    PfH..N.  I  n.Ge, 

3.  Saltt  of  PlaHMmitie  {G«rbanIt'B  bwe). 

Platiniimine PtH.KO,  2  HO       Pt"H,y m  I 

Normr,!  hydrocblorate  of  pla-  *  p^„  j^^,  Pt"H»K^  4 

tiUikitiiue ) 

B:i»ie  nitrate  of  pUlinamlne  |  ^"|f^'  *  ^^'      FfUJS^  S  HH0»  4  B«9 

Normal  nitrate Ptn,NO^  2  VO^   Pf 'Ii»Ni,  i  IIS9». 

i.  .9i2b  of  l>iplaUiiamJlHt. 
niplatanamine  (not  Isolated)     PtH,N,Oi  Pt''!!.!?.,  2  H.OT 

"'Si^'"™.**.°'^.^^.'?!*!'"'  } Ptn'N.01  Pf'HJf,,  2  llOIT 

Normal  nitrate |  Pt  n^N,0„NO.        p^,  ,„  ^ jj^  ,  j, jj^^  j 

Sosqtiinitrate j  ^  *"^?No!)hO  ***"" •^"  '  °^^**  ''■® 

5.  iSattt  obtained  hy  Gtvt. 

Base  (not  isolated) PtCin.N.O  H 'Ol,H,.X„  H»OT 

HyrfrooUlorate* PtCllI.N,a  Pt"  H  ^.,  4  HCl 

Nitrate* jPtCinjN.O  pfMlJiMJllO,  S  HSOw 

6,  SaUn  cblainti  hif  Raeumlaf  ( fitrmtdai  doub^^ 

B;nitr.it.>(cry»umiz(?<l),. Pt       '  2  NO, 

PUoBphnte Pr  TO-JIO 

Bicarbonnte Pt,>.itii,.'<,",.  2  CO 

(97i)    The    peAtromiiie  (rf  platinum   ii  a   I. 
powdor.   I*erio(hrJt'  of  jtlatinirm  (Ptl.^ — On  n'M 
tassiuiii  to  a  <liltite  poliition  of  t(>Tr«(-liIori(lo  ol' 

assuniea  ft  deep  wine-red  colonr;  the  mixttrre  ■     if      ^^ 

diiiarv  teinpi'ratnri's,  Imt  ]»econie3  ttirhid  and  deposito  n  <wwn» 
8pfiriiiulv  soIuIiIp  jxtw^lrr  wlit-ii  heated.  ~~ 

Fiihninat'nu]  pfatinum  (Pt'"H,X,,  4  11,0^  ia  procnrcd 
iiir<)]ti1>U>  hhiek  p<nvdi'rl»viHssolvirifj  thec'lilnri'i 
<iiiiiiiotiiiiin  ill  II '^'•Inlt'^Ti  of  <'im'iti<'  sodn  nnd 
nct'lio  ju'iil,  tir 
luntnonift.     Il  »>  u 

Pi",  nr  hr  »*TiM.'*>r^i   pi'» ;  t'*'''^^vnfsf>  nri'l  plul^nnmln"  VTii/  fnrr&i»l  u^tti  \ 

i»r 

'>  of  «Uptall 
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nitiiii  in  wliicli  4  atonic  of  liyilrogen  liavo  been  displaced  Ly  one 
atom  of  jilatinum.  Hydrochloric  acid  dissulvoB  this  compound, 
forming  with  it  a  very  soluble  imcrystallizablo  salt:  other  acids 
decoinjvtse  it  with  formation  of  ainnioniacal  salts.  If  suddenly 
heated  to  about  40(>°  it  exi)lodcs. 

T\w  jH-r/(u/j>/ittf/'  of  ]iliitinnni  niiiy  be  formed  l)y  dissolving  the 
oxide  of  platinum  in  dilute  (iuipburic  acid,  or  by  treating  the  bi- 
sulphide with  fuming  nitric  acid,  an<l  lieatiiig,  to  expel  the  excess 
of  nitric  acid.  TJic  ptniitrai/^  may  be  fonncd  by  decomimsing  a 
Bdlution  of  the  jnu-sulphate  by  an  equivalent  quantity  ot  the  ni- 
trate of  Imri  urn  ;  Iwtli  these  salts  yielu  insoluble  double  basic  salte 
on  the  addition  of  nu  alkali. 

(975)    C'UAHACTEUrt  OF  THE  SaI.T8  OF  pLATINUM. — 1.      The  ^V<Z- 

tino^Uf  mUs  are  uninjportant. 

2.  Of  the  phitiuic  salU  the  tetrachloride  is  the  only  soluble 
compound  of  frequent  occurrence.  These  i^alts  are  dietinguishetl  by 
the  following  characters.  When  heated  thev  are  all  dec^miposed, 
and  leave  a  residue  of  metallic  platinum^  'they  have  a  browuish- 
yellow  colour  in  solution :  with  hydrate  of  poiash,  or  with  any  of 
its  salts,  they  give  a  yellow  precipitate  of  the  chlon<le  of  platinum 
and  potassium,  which  ii?  soluble  in  a  hu-ge  e.vcess  of  caustic  t>otash  ; 
htjdrutc  of  Hoda  precipitate:*  a  brt)wn  liydratcd  oxide  which  in  sol- 
uble in  excess  of  the  alkali:  with  ^///wwuVi,  or  a  soluble  salt  of 
anjmonium,  a  yellow  chloride  of  phitinuiti  and  ammonium  is  pre- 
cipitated, which  is  decompi>sc<l  by  heat,  leaving  metallic  j)latiuum. 
Sidphurnlted  hijdntfjert  and  itulpItHli'  of  amtnonivm  give  a  black 
sulphide,  whieii  is  sohilile  in  a  large  excess  of  the  sulphides  of 
Hmmoniuni  and  of  the  alkaline  metaU. 

Solutions  of  the  salts  of  ]ilatinum  are  reduced  by  the  ttn't'tni- 
rmiH  7iifr<iU\  but  not  by  fiTi'oitu  Kulp/mte.  SUiniunts  chkn-idi-  in 
fti'id  solutions  prf»du<'es  a  very  deep  bniwn  solution,  but  yields 
no  precipitate;  iodide  of  potammn  slowly  gives  a  brown  preci- 
pitate of  iodide  of  platinum  which  becomes  more  abundant  when 
ueat^Ml.  The  solutions  of  the  salt.s  of  platinum  are  readily  re- 
duced to  the  metallic  state  by  meaus  of  zinc  or  iron.  Oxalic 
acid  exerts  no  reducing  action  upon  the  salts  of  platinum,  which 
may  thus  be  separated  from  those  of  gold  ;  and  after  the  gold  has 
Wen  preei|)itatcd  in  this  manner,  tlie  ))iatinum  may  be  thrown 
down  in  the  metallic  fonn  by  boiling  the  liquid  with  a  soluVile 
Ibrmiate,  (akiug  care  first  to  neutralize  the  liquid  b)'  the  addition 
of  carbonate  ot  sodium. 

{*31C>)  EmI iiautiim  of  Platitinm,  —  Platinum  may  be  estimated 

L«ither  in  the  metallic  state,  or  in  the  form  of  a  double  chloride 

^•fplHtiniim  with  potassium  or  ammonium.     The  solutions  fi'ora 

'     '    -<•  double  salts  are  preciiMtated  should  be  concentrated ; 

t(!  separation  of  the  salt  is  favoureil  by  the  addition  of 

ii«u-«>li"'l  ;  and  the  washing  of  the  precipitate  should  be  perfomied 

witli  flilufe  alcohol.     Platinum  may  thus  be  sejtarated  from  all 

ill.  hitherto  described:  t(Mi  parts  of  the  double  chloride  of 

Ud;i... Ill]  potassium  contain  40-43  of  the  metal ;  and  lOU  parte 

|uf  tite  affimoaiiwal  salt  ouutaiu  44'28  of  platinum. 


§  Y.  Palladitjm  :  Pd"=10fi-5,  or  PJ=i3  34.     Sj>. 

to  11-8. 

(977)  PALLAUini  is  one  of  tbe  nu-e  nietaU  wliivh  ocvar  ebk 
in  the  ore  of  ])latinum,  in  which  it  was  discovered  br  W«>n*il 
in  the  r'esir  1S03.  It  usually  f<inn*  from  a  half  per 
one  per  cent,  of  these  ores.  Acconlini;  to  (t.  Ii<ni<%  ixJlu 
diiiiorphouB,  Biace  it  b  found  native  in  cuhee«,  and  in 
plates. 

In  order  to  extract  the  metal  from  the  ore  i«r 
solution  of  this  ore  in  aqua  regia  i*  tivi^ted  witli  . 
moniuin  with  a  view  to  separate  the  platitiuiii. 
(DBfi),  and  to  the  filtere«l  liquid,  cvanide  of  in.-n 
let  addc<l ;  a  yellowibh-whit«,  rtoceiilent  evanide  ot 
sides;  this   is  coiiverti^l  into  a  sulphide  hv  In 
with  fiulphur,  and  thef^u]phur  issuhstMjuentlv  < 
roastings.     ^Vnotherpourco  of  ]}nUa(liuni  is  th( 
it  fomis  with  gold,  and  .whieh  is  found  in  tii 
III  onier  to  e.vtract  the*  iiiiUadiuu)  fi-om  it,  Mr.  CWk  dii 
alloy  to  be  fused  with  silver,  and  tlien  boiled  in  nitric 
which  all  the  metals  except  the  gold  are  broJicht  iutu  soli 
The  deeaiited  liciuid  '\s  next  mixed  with  a  ^•■'    '■' 
salt,  by    which  tlie  whole  of  tlie  silver  it*  th 
form   i>f  ehloride.   wldlst   tiie   palhidium    with  il. 

(which  (!i)iisist  prineipallv  of  copper  with  noaie  I  i 

still  remains  diir-solvetl.     IJars  uf  Juetal lie  zinc- are  then  iiitnHtDfl 

into  the  liquitl,  and  these  metals  are  precipitated  u|M>a  ti>e 

in  the  form  i»f  a  blaek  powder,  consist  mg  i»f  re<hjeed  nieta).   ' 

precipitate  is  wa^ied  and  redi«j6tdved  in  nitric  n  '  ' 

witli  ammuiiia,  whieh  dissolves  theoxidesofpiil  >|if] 

while  thov^e  i)f  iron  and  lead  are  pre<!ipitati'U  :   i 

is  now  supcisaturatetl  by  hydn>ehlorie  acid.     I^n! 

thrown  down   in  the  form  of  a  yellow,  sparii 

chlorate  of  pailadamine;  by  ignition  it  is  reii  . 

nates,  bnt  di>es  not  fuse.     A  small  quantity  of  i 

remains  in  liolntion,  and  maj-  be  recovered  by  tin-  mLnwi 

«)f  bai'H  of  iron. 

Palhwliiim  is  a  white  bard   metal  posseseed  of  oonndcral 
duetilitv  and  tenacity.       It  is  not  fir-^ible  in  nn  •>r'liniirv  w 
fuvnuee,  but  melts  at  alowertem[MT.i' 
and  I>el>ray  state  that,  like  silver,  it  :ili 
and  as  the  metal  cools  the  globule  s]»its.      i 

blow])ipe  it  burns  with  i^cintillatiim,  and   i.   ... 

slowly  dispersed  in  green  vapmrs.     It  undergo**  no 
the  open  jur  at  ordinary  tempenituri's :  but  at  a  low  red 
becomes  covere<I  with  an  iridt>^i«ent  film,  nwinif  t"  a  "U]* 
oxidatiot*;  on  in 
metal  n'sumes  i  i 

heated  in  nitric  airid,  or  in  a;  \i 

olUcriM^ids  with  difficulty  Vi 

of  \hAhhs\ww,  mO*  \uVtv 
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biased.      If  a  solution  of  iodine  in  alcohol  be  evaporated  on  a  slip 
of   palladium,  a  stain  is  left,  by  which  this  metal  is  at  once  dis- 
'fcin^ished  from  platinum.     Palladi  am  combines  readily  with  gold, 
^^hich  is  rendered  brittle  by  its  presence  even  in  small  proportion. 
it  has  a  remarkable  power  of  wiitening  the  colour  of  gold,  even 
"though  present  in  the  mixture  only  in  small  quantity ;  and  when 
St   fonns  20  per  cent,  of  the  mass,  the  alloy  is  quite  white.     If 
alloyed  with  twice  its  weight  of  silver  it  fonns  a  ductile  compound 
■W^Lich  is  not  liable  to  taraish,  and  is  well  adapted  for  the  con- 
struction of  small  weights.  "When  melted  with  8  times  its  weight  of 
.tin,  at  a  red  heat,  an  alloy  is  formed  (Pd,SnA  which  is  obtained 
in  beaatifiil  brilliant  lamellae  on  digesting  the  mass  when  cold 
in  hydrochloric  acid.     Palladium  has  been  applied  in  a  few  cases 
"to  the  construction  of  graduated  scales  for  astronomical  instru- 
xuents,  for  whicli,  by  its  whiteness,  hardness,  and  inalterability  in 
air,  it  is  well  adapted. 

(978)  OxmES  of  Palladium. — This  metal  appears  to  form 
tihree  oxides :  a  suboxide,  Pd,0,  which  furnishes  a  series  of  salts 
Teeembling  those  of  suboxide  of  copper,  and  which,  according  to 
Xane,  is  obtained  by  heating  the  hydrated  protoxide  to  incipient 
redness ;  a  protoxide,  PdO,  which  is  the  base  of  the  ordinary  salts 
of  the  metal ;  and  a  binoxide,  PdO,. 

Theprotoxide  (Pde=122-5,  or  PdO=61-2)  may  \>e  procured 
as  a  black  powder,  by  heating  the  nitrate  to  low  redness  ;  or  it 
may  be  obtained  upon  adding  carbonate  of  potassium  or  of  sodium 
to  Its  salts,  as  a  dark  brown  liydrate,  soluble  both  in  acids  and  in 
alkalies,  and  from  which  the  water  may  be  expelled  by  heat.  At 
a  bright  red  heat  it  loses  its  oxygen. 

The  binoxide  (PdO,)  is  prepared  by  decomposing  the  solid 
double  chloride  of  palladium  and  potassium  by  a  solution  of  caustic 
potash ;  it  forms  a  yellowish-brown  hvdrate,  which  obstinately 
retains  a  portion  of  alkali :  it  is  soluble  m  the  alkalies :  by  boiling 
it  with  water  it  is  rendered  anhydrous,  and  is  then  deposited  as  a 
black  powder. 

Smjpkide  of  Patlndixmi  (PdS)  may  be  formed  either  directly, 
by  heating  powdered  sulphur  with  palladium  or  by  precipitating 
the  salts  of  the  protoxide  by  means  of  sulphuretted  hydrogen  ; 
it  forms  a  fusible,  greyish-white,  lustrous  mass,  from  which  patient 
roasting  in  air  expels  the  sulphur. 

If  a  piece  of  palladiimi  toil  or  wire  be  held  in  the  flame  of  a 
spirit-lamp,  soot  is  speedily  dnposited  in  large  quantity,  the  foil  or 
wire  is  corroded,  and  the  mass  of  sout  is  found  to  contain  palladium 
throughout,  owing  to  the  formation  of  a  carbide  of  the  metal. 

(979)  PaU^idioua  chloride,  or  Chloride  of  paUadivm  (PdCl,,  or 
PdCl)  is  obtained  by  evaporating  to  dryness  a  solution  of  palladium 
in  aqua  regia ;  it  forms  brown  hydrated  ciystals  whicli  become 
black  when  the  water  is  expelled :  if  heated  to  redness  metallic 

'  palladium  is  left.  Cliloride  of  palladium  forms  double  salts  with 
the  soluble  chlorides ;  those  with  potassium  and  ammonium  are 
dark  bottle-green.  AVitli  anmionia,  chloride  of  palladium  forms 
a  series  of  coniiwunds  analogous  to  thofee  of  platinum  (973) :  one 


nij 


;--\i.i3    ur     i'Ai.i.Ai'U  M, 


iif  them,  jutl/fuh  in  in*',  (Pflir,X,)0  i- 

alkaline  biife.     Tlie  j>t;r<'M»n<f<'  of  ]■ 

uxii^ts  iu  B«:flution  in  mpia  ivgia,  but.  (^aiinui 

ir  fiirins  duublo  suits  witli  tlic  clilorides  »)t'  1 1 

double  s;dt  with  ]t(itii.-wium  <Ty6tftllize9  in  rubr  red  pruma. 

/(MJide  of  Pithadiam  ^Pdi,=;i<j(>•5  or  i\\i=  1  n'  '  '  •  '  - 
\0<)piirt«  ]?d.  :H(>(>  ;  I,  70-0.— This  coniiHiund  is  i-i 
ing  aaolutiun  ofu  salt  of  indhitliuin  in  -''  '  * 
of  ]>ot»itwiuiii.     It  ifl  a  black  jtowder,  in 
iu  atuiiiouiu,  ami  in  a  solution  <»f  iodide  ul"  |«iUt.-v^iujii  ;  u  w.li 
palliulimo  is  rtidiR'tiines  einjdovt-d  ju*  u  j>reci}iitaiit  for  iodia^ 
It   i*    necessHrv   to  separate  io«line  from    cLli)riiic   and   \ti 
(541).     ItMlido  of  palladiiiui  loses  itu  iodine  wb«'ii  ,n ^Iv  || 

Cyanogen  has  a  stronger  attnictiou  for  pall 
other  metal,  so  that  a  salt  of  palladium  will  df 
nide  of  mercury.     This  rijnnid''  is  pniciired  a*  i 
tate  by  adding  potassium  to  n«;utral  solutions  ot  .; 
of  palladium  ;  it  is  iK>lubk>  in  anmiunia,  in  acids 
of  ]>(tt!k-isium  ;  it  forms  a  s(.'rie:?  of  double  cyanides. 

The  S'lJjfhdte  of  paUadiuin  (Pd?it»..  or  Pd(),SO,)  raav  !*( 
tained  by  deci)m[>osing  the  nitrate  by  sulphuric  iKMd,  ur  by 
solving  the  oxide  in  sulpliui-Ie  acid.      It  ia  a  deli^u^ieent 
which  forms  a  deep  browninh-red  dilution  ;  when  heated  it " 
aeid,  rtixt  fiirnislK's  a  basic  salt. 

The  niii'iitf  i,-^  foniie<l  by  boiling  nitric  jwid  "m  pAllnf^iun:! 
may  beubtaiiied  in  rlioinbic  pri(?m:» ;  till- 

quantity  of  water,  and  yield  a  deep  rt  •  .itfi 

being  largely  diluted,  the  normal  salt  i»i  decoiniMwied,  and  an  is- 
»«)luble  ba-^ie  nitrate  is  precipitated.     11"  niiiiii,,ii;i.   ^■  .  v.  ..^  >t 
added  to  the  solution  of  the  nitrate,  an    i 
palladium  may  be  <'rystallize<;l  from  it  in  ri 

(1>S0J    CnAlt.VCilCUS   OF   TBK   S.11.T8  OK    I' 

i*alt*5,  or  oi-iliiiary  wilts  of  pall.idium,  forii 

solutions. -which  when  neutral  arc  dislingu 

pivi'ipitat<j  of  cyanide  of  palladium,  formed  oti 

ttufvurif.     The  fixed  hyilrittfd  alkudU^s  preoipit 

palladium  in  the  form  of  a  red  i>r  orange  banic 

l»le  ill  e.<eeA?  of  the  alkali  by  the  aid  of  heat.     .1,. 

fnirhotuite,  when  a<lded  to  a  solution  of  palladious  ( 

flesh-<-oloured  precipitate,  eiolultle  in  excels  of  aniniuuio.     .Nil 

of  palladium  gIv«sal>rown  precipitate  with  arnmoi^iM.      f\frf..i, 

of  jM}f<isMii/i/t  H\n\  liru/iijm  vieldab' 

oxi<lc,  with  salt>i  of  palladium.      / 

a  black  i<Hlide  of  palhidiun.     Sid)>hur' 

ofavinmrn'it/n  tlirow  down  u  black  BulpU.  ..    :.  , 

in  the  sulphidea  of  the  alkaline  metals.     Solut' 

|)alhidium  are  reduced  by  a  solution  of  :  " 
)y  many  of  the  metals,  the  re<luefi(in 

I  dark  b 
.•>niiin:r  : 
A  UicU  Vjcvwuved  r«k\\^iffrU-br«wQ  ou  d  i !  u  • 


SUODIUH. 


*allH(.rnim  may  be  eeparated  fmm  all  other  metals,  except 

aojipL'i'  Hiitl  lead,  l>y  the  udditiun  of  the  cyanide  of  mercury  to  the 

soliitiijii  [ireviously  neutralized  by  means  of  carbonate  of  sodium. 

The  cyanide  of  i)alladinm  when  ignited  in  the  air  leaves  metallic 

'psUadium. 

§  VI.  Rhodium  :  Bo"'=104"3,  or  Ro=521G.  Sp.  Gr.  12-1. 

(081)  RiionttM  was  discovered  by  Wollaston  in  1803.  It 
usually  forms  aliout  one-half  i>er  cent,  of  the  ore  of  platinum  ;  it 
may  l)e  extnietisd  from  the  bolution  of  this  ore  in  aquj^regia  after 
the  jtlutinuin  and  palladium  have  beea  separated 'by  the  addition 
of  sal  nninioniac  and  cyanide  of  mercury  :  the  excess  of  cyanide 
of  mercury  is  then  decuiuposed  by  acidulating  the  Bolution  with 
hydrochloric  acid,  adiliuLT  connnon  &alt,  and  evtip(»rating  to  dry 
ne«>t» ;  the  chloride  of  so<linin  tlui!;  forms  di>ulile  chlorides  with  all 
the  metaU  in  sululion;  the  residue  it*  treated  with  alcohol  (of  sp. 
gr.  O'SJT),  which  dissolve;*  all  these  double  talts,  except  that  of 
eodiuiu  and  rh«>diuin,  which  remains  behind  as  a  red  powder :  this 
\s  dit.-Kilved  in  water,  and  the  rhodium  tlirown  down  m  a  pulveru- 
lent form  by  means  of  hai"s  of  metallic  zinc.  The  chloride  of 
ei^KJiimi  )unl  rhu«linm  may  also  be  decomposed  l)y  heating  it  in  a 
current  of  liydn»<;oii  ga-s,  when,  on  w&sliing  the  mass  with  water, 
tilt!  rhodium  is  left  in  a  pulverulent  tbrm, 

lihudiiim  is.  a  white,  very  hard  metal;  when  quite  pure,  it  is 

malleable  after  fusion  upon  lime,  and  it  then  has  asp.  gr.  of  12"1. 

It  require*  a  stronger  heat  to  fuse  it  than  platinum,  and  when 

nielte*!  has  a  similar  tendency  to  absorb  oxygen,  and  to  spit  as  the 

\  globule  set.s. 

I>eville  says  that  rhodium  furnishes  an  alloy  with  platinum, 
which  is  easily  M'orked  ;  when  the  proportion  of  rliodinui  forms 30 


per  cent,  or  upwards  of  the  alloy  it  is  not  attacked  by  »i|na  regia. 
When  pure,  rhodium  is  insolulile  in  the  acids,  though  if  alloyed 
in  suuill  quantity  with  platinum,  copper,  bismuth,  or  lead,  it  is 


difwolved  with  them  in  nitrohydrochloric  acid.  Rhodium  has  a 
considerable  attraction  for  oxygen,  and  may  be  oxidizeil  by  fusion 
with  a  mixture  of  nitre  and  cavhonate  of  potassium;  acid  sulphate 
of  iru  also  oxidizes  the  metal  antl  forms  a  soluble  double 

Bul,  ;  rhodium  and  potassium,  whilst  sulphurous  anhydride 

e^--aper,.     If  heated  in  contact  with  chloride  of  sodium,  in  a  ciir- 
;  rent  of  chlorine,  a  soluble  double  chlorido  ..if  sodium  and  rhodium 
\  pnHluced. 

(WS2)    C)xiDES   OF   Rhodicm.  —  Rhodium  has  a  considerable 

I  attmction  for  oxygon :    it  apjHjars  to  form  two  definite  oxides, 

jifcjO,  and  fto,0„  besides  some  compounds  intermediate  betweou 

them.     The  y;/'o^«.uV/<?,  however,  has  not  been  obtained  in  a  state 

of  jMirity. 

lilnxi'ic.  oxide^  or  Se^q-uwxiA^  of  rlu/dluni  (fio,0,= 252*0,  or 
Ro,(^,=  l:iS-3). — This  Ib  the  only  salilialile  oxide  of  rhodium;  it 
nniv  be  ]»roeured  by  heating  rhodium  with  a  mixture  of  nitre  and 
3arl»onftte  of  potiissium ;  the  oxide  forma  an  insoluble  compound 
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with  potaalj,  which  is  to  bo  well   •wafihed,   n  u\ 

dige»iti<>n  witli  liyflriM^hloric  luritl ;  the  i?c^<^uii>v  us  1«A  : 

green ish-i^rey  hy<irato  which  is  iui«olul>le  iu  all  iicidK. 

ScLFHUJica. — Rhodium  funns  two  8ul|)lude»,HMS  and  fioJSj 

If  the  metul  be  hejited  in  thi*  vajxiiirof  sulj>hnr.  tho  iw^  bix 
unite  with  incandoficenoo,  and  form  the proUnttj/jy/i '  ' 
a  bluish-grey  (.-olKur.  atnl  fu6e<s  at  a  rery  high  t^i 
eulphur  burns  oii'  in  the  open  air,  and  leaves  a  fur, 
metallie  rhodium.     The  tttsquiaulphlde  may  lie   ■ 
form  of  H  brown  hydrate  liy  decoriijiosing  a  hot 
double  chl<mde  of  Hodiuin  and  rhoiiiuui  by  uieaub  ■. . 
potasi»inni  or  of  B^nlium. 

CnLORiPES  OF  KnoniiTM. — Three  of  those,  viz.,  fii>CI, ;  fto,( 
and  ftoCl,,  are  stated  by  Berzelius  to  exist,  but  the  last  is 
only  one  of  importance. 

TcrchluruU.   itf  rhixliuin  (ftoCl,),  or  ^f^nrhforid^  (T^( 
is  formed  l»y  dect>myM)siui^  the  chloride  of  ■  rii  and  rh'id]^ 

by  silieodnorie  add,  whieh  separates  the  ]  n  itA  a  gvlol 

OU6  silieotluoride  ;  the  tiltered  li<piid  when  e\^4j>orated  to  d 
leaved   the  terehloride  of  rhodium.      This  elilori«lc  uni 
many  of  the  Holuble  chloridett  to  form  crygtJiUijsable  doiihl 
whieh  are  of  a  ruby  or  rose  colonr  (whence  the  nif  t   ' 
name,  froin  f>oJ»v,  a  rose) :  the  sodium  Halt  erystalli. 
in  oetohedra,  whieh  are  etlioreiscent  in  the  air  ['-*  }\A'. 
9  TI,0,  or  3  XaCl,Ro,Cl,,  tS  Aq);  they  are  insoluble  in 
When  terehloride  of  rhodium  is  supeisaturateil  with  ai 
the  precipitate  formed  at  tii-st  is  reilissolved,  and  a  ehara 
yellow  Compound,  consistmt:  of  (iloCI,,  6  H,N)  i*  formoil 
ing,  ajid  may  bo  purified  hy  eva])oration  and  re-eryst-till 
This  compound  when  ignited,  leaves  pure  rluHliuin  in  the 
a  powder. 

(!IH3)  Characters  of  thr  Salts  of  Rhoiiuti. — Tlie  d-nij 
chloride  of  widium  and  rhodium  is  the  best  knowni  of  • 
pounds.  The  salts  correspond  ling  to  the  ses(jui<»xide  of 
generally  form  ro»e-coloured  Holutions;  they  are  deeomj 
iron  or  sinc^  which  caUfics  a  deposit  of  metallic  rhodiutnj 
di'ates  of  j/nta^h  ami  nnda  slowly  occjjsiou  a  pHH-ipitalc  of  veil 
hydrated  oxide,  which  obstinately  retains  a  ]>ortion  of  the  **" 
it  is  soluble  in  the  excej»s  of  the  alkali  as  well  a*  in 
alcohol  be  added  to  the  alkaline  solution  a  Idiul 
ally  occurs  without  a|i]>lying  heat.  IiMlide  oj 
down  a  sparingly  soluble  yellow  iodide  of  rhodium.  Snipfm 
fiydrtHft'n,  when  the  soluticm  is  heated,  slowly  fonn*  a 
]>reeipitat.e  insoluble  in  the  alkaline  Bulpliides.  The  milu 
phite^  give  a  chttraeteristie  pale  yellow  precipitate.  If  the 
rhodium  be  heated  in  a  current  of  hydrogen,  the  metal  i* 
reduced  :  in  tliis  form  it  is  insoluble  in  aipia  regia,  but  if  it 
fused  with  acid  sulphate  of  potaissium,  a  double  ftalt  is  fi 
wliltih  is  soluble  in  water,  with  a  pink  colour. 


KtTTBEJfrrM. 


I  VII.  RuTUEifa'M  :  Ru=104-2,  or  Rn=52-ll. 
Sp.  6'a,  Iroin  11  to  11 '4. 

(984)  Treatment  oftfte  PUttin  uvi  residue. — After  the  platinani 
ore  hiis  beoii  exhausted  with  aqua  regin,  a  residue  is  obtained 
■wliic'h  frc'(]uentl  J  contains  botli  titaniferous  iron  and  chroine  iron; 
but  itti  most  important  consjtitueiit  is  an  alloy  in  flat  plates  or 
K'iiles  of  a  white  rolour  ami  iiK-tallic  histre.  This  was  Ibrmerly 
conwidered  to  beanalloy  ofosiniinii  and  iridium.  It  lias,  liowever, 
been  found  to  consist  ot  four  metals — viz.,  osmium,  iridium,  ruthe- 
uiuiit,  and  a  emuU  quaiititj  of  rhodium. 

Fremy  in  separating  the  different  metals  contained  in  tliis  res- 
idue avails  himself  of  the  oxidability  of  (.fsuiium  and  the  volatility 
of  itri  tetroxide.  His  proees^s  is  the  following: — About  3000 grains 
of  the;  pliitinimi  ivsicjue  plaoe<l  in  a  jKircelain  or  platinum  tube, 
and  heated  to  redness,  is  roasted  in  a  current  of  dry  air;  in  the 
portion  of  the  tube  which  i)nijeets  from  the  t'unujee  some  frag- 
ments of  porcelain  are  pluceil,  an<l  the  tube  is  connected  with  a 
series  of  jrhiss  Uasks  for  the  purjioi*  of  condensing  the  tetroxide 
of  osmium  as  it  distils  ;  in  the  last  Htisk  a  solution  of  caustic  pot- 
ash is  placed  in  order  to  refain  such  jwrtioiis  of  the  tetroxide  as 
may  have  escaped  condensation  ;  and  this  flask  is  connected  with 
an  aspirator,  by  means  of  which  a  current  of  atmospheric  air  is 
maintained  thnuitrh  the  a]>paratus.  The  air  is  dried,  and  freed 
irom  iir};anic  particles  befi>re  it  entei"s  tlie  lieatetl  tube,  by  causing 
it  to  p:it«t  throuujh  tubes  tilled  with  pumice  moistened  with  sul- 

t>hHric  acid.  Dnrin<;j  the  operation  the  osmium  and  ruthenium 
»ecome  oxidized  ;  the  tetroxide  of  osmium  condenses  in  V)eautitid 
needles  \\\  the  flasks,  and  mechanically  carries  forward  the  binox- 
ide  of  ruthenium,  which  is  deposited  upon  the  fragments  of  por- 
celain in  regular  s<juare  prisms.* 

The  fixed  n.'sidue  consists  of  an  alloy  of  iridium  and  rhodium, 
mixed  with  a  little  osmium  and  rutiieniuni.  This  is  to  be  fused 
with  caustic  putash,  by  which  the  oxide  of  ruthenium  is  removed 
and  is  dissolved  out  on  washing  the  fused  mass  with  water.  The 
undissolved  j^ortion  is  ignited  with  four  times  its  weight  of  nitrate 
of  potassium,  and  the  product  is  treated  with  Ixiiling  water,  which 
disstdves  the  osmium,  and  on  cooling  often  de]>osits  it  in  t»ctohe- 
dral  crystals  as  osinite  of  pofassiuiii.  The  residue  now  contains 
only  sesquiox ides  of  iridium  and  rhodium  in  combination  with  pot- 
oAi.  A<jaB  regia.  when  boiled  uj>ou  It,  converts  most  of  the  iri- 
dium into  the  soluble  perchloride  ;  a  solution  of  chloride  of  pota"*- 
sium  is  added  to  the  li<|ulil,  after  which  crystals  of  the  double 
chloride  of  iridium  and  i>ot(ts6lum  are  deposited  as  it  cools.  Tlie 
Besquioxide  of  rhodium,  which  is  left  undissolved,  since  it  is  insol- 
nblo  in  aqua  regia,  is  converted  into  a  soluble  double  salt  by 
mixing  it  intimately  with  an  equal  weiglit  of  chloride  of  sodium, 

•  {Vitnetiraes  tho  oamide  of  indium  does  uol  readily  andergo  oiidntion.  In  such 
o  CHuo  Doville  Tusea  it  with  8  or  10  times  ita  weight  of  zinc,  and  beats  it  for  sooio 
Loun  to  full  redutfss ;  he  then  dissolves  out  the  sine  by  hydrochloric  ncid,  which 
l^*ri'»  thr  pl&ttnuui  metals,  in  the  form  of  a  tine  black  po^er,  wliioh  is  very  easily 
oxi'liz/.'d  in  »  current  of  air. 
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and  hi  ililn  Ae  nMi  to  doH  rednese  ta  &  current  of  dry  Mo 

1 9SS)  Bliuaaicx  t^  a  metal  whlck,  in  1845,  was  alKtwn  bv  Ckn 
to  csjet  is  tkc  ore  of  pUtintun,  It  k  Terr  liard,  and  brittle,  and 
ii«e0criT  fteible  ewn  befiwe  the  ozTliYdr<L^D  blotrpipe.  The 
melted  fBCftsl,  wxordiw  t»  Deville  am!  I>e&rar,  Las  a  gp.  vr.  i-jf 
6tifB  11  to  11'4.  It  atemiie  oxygen  at  a  red  heat,  aod  the  oxide 
•ooiKaned  it  not  deeoipoacd  bj  eunp!^  ele^^tion  of  temiH.Tutnre, 
The  ncAa]  ■»  nwfify  anoiiied  tir  fbsioa  witli  aitrp,  or  with  tuuitk 
potabh.  BthgiiiBia  aeeaiapanie»  the  aUnj  of  ogmlofu  aiid  inJinm 
ta  a  firuportioa  vamag  fiocn  3  lo  •$  per  c«iit. ;  but  it  i&  ii<il  fuiiul 
is  tne  pjrtiaa  oCpaitinain  i»rp  wliieb  i?  colnble  in  aqoA  regia.  It 
if  moal  oaolr  obtuned  br  FKmr*&  prtxte^  ( J^84).  The  biiioxidi! 
of  radMsnam  ii  not  Yolatile  wbeo  bested  done,  bat  is  vafried  Iv- 
ward  aac^anrallr  bj  t)>e  ietn)xjde  of  osmium^  and  beeom^g  eoa- 
itmaeA  in  <TT§tak  near  to  the  etniree  of  lieat,  Bj  b^ttinsr  th» 
oodcb  in  m  mrrvnt  of  hTdnocea,  the  metal  k  obtained  in  tbe'f  im 
af  a  dark-|fn*r  powder.  The  metal  f^nzis  an  allov  iritli  tia,  fia 
ft\..  vhidi  cf^vtallizefe  hi  cnbes  of  i>erfe<:*t  regularity. 

Ratlienftfra  fonse  four  compounds  with  oxygen,' fiaO;  fiii,d,; 
ft«e,:»ndftiie^ 

Rmtkmte  miA^fdrid^^  or  rvthtnie  acid  (Bii0,),  b  uifcilnbtein 
water :  it  may  lie  obtained  by  heating  any  of  the  preceding  oiid« 
with  nitre;  the  n^  "  '  ,.  nf  |:>>>t3.^inrn  forms  an  oranp^ydW 
«idQti<>o  in  water.     .  .'//•'•u'tVc' U  the  mue4  stable  of  tlieoiicleB 

of  the  metal;  it  is  obtained  in  the  anhydron^  form  bv  i^iting  tbe 
metal  in  a  vnrrent  of  air.  It  is  iri?<>lohle  in  the  alkalies:  bnt 
with  *4:ii^  it  forms  s«jlabie  saUb  which  have  a  yelloir  coluar. 
Tlie  alkatieB  ppecipitate  the  hydmted  oxide  ( ftUjO,,  3  H,0)  frfrin 
the?e  ^olntiond  as  a  bulky  blackish-brown  powder. 

Thefe  aj*  three  chloriJes  of  rutheninm,  fiiiO, ;  finCI,;  snd 
fttiCl,.  The  tifreMoridi  ig  obtained  by  dissolving  the  seequioidde 
in  Indnwhloric  aeid:  on  eTaporntion  it  yields  a  jrreeni?li-blBe 
deli'|uescient  maas.  which  is  strloble  in  alcohol.  S'iijfhurtit*'i 
hydrogeft  caofees  a  brown  precipitate  of  sulphide  of  nithenimm  ia 
efiliitions  of  the  terchloride.  leaving  a  su^tematant  liquid  of  a  line 
Woe  colour,  pn>bably  owing  to  the  fonnation  of  a  luwer  cblori<le 
of  the  metal :  thi^  reaction  is  very  delicate,  and  chamcteristic  of 
ruthenium.  Metallic  zinc  al?o  reiliice?  the  yellow  terchloride  to 
the  bine  bichloride,  and  uhiniately  precijtitate&  the  metal  as  » 
black  powder.  J^otmiat^  or  oi-afdt^  f>t  it^hum,  if  boiled  with  salts 
of  mthenium,  renders  the  solution  colourless,  but  does  nut  occ*- 
eion  any  precipitate  of  reduced  metal.  AVith  a^t'taie  of  had  a 
purpliih-red  characteristic  preeipititte  i?  forraetl.  Cyanide  fiffwr- 
<^/y  renders  the  dilation  blue,  whilst  a  blue  precipitate  is  f^nneil 
The  lYTU^tV  and  oar^int^d  a^^jih'es  yield  a  black  precipitate  of 
the  sesqiiioxide,  insoluble  in  excess  of  the  prec-ipitant. 

§  Tin.  Osiouici  Gs— 199,  or  09=99-41.     $p.  &r.  21-4 
i^^)  Ossmrit  occurs  associated  with  platinum  in  the  firrm  ol 
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ten  siTloj'  of  osmium,  irklinni,  nnd  rutlienium.  It  was  disrovercd 
in  tlie  ore  of  platinum  liv  Teimaiit,  in  1803.  Osmium  may  be 
obtained  in  the  metallic  condition  hy  several  processes.  One  of 
tlie  simplest  consists  in  treating  volatile  oxide  of  osmium  (OsO,) 
obtained  by  Fremy's  method  (it84)  with  hydrocliloric  acid  anu 
tnetallic  mercnry.  Calomel  is  tlins  jnoduced  by  the  decmn})osition 
of  the  mercurous  oxide,  which  is  formed  at  the  expense  of  the 
oxygen  contained  in  the  oxide  of  osminm  ;  Oij0,  +  8  ffg+  8  IIC1= 
0s  4- 8  HgCl -f  4  H,0.  The  water  and  the  superflnons  acid  are 
expo]le<l  by  evaporation  to  dryness,  and  on  heating  the  residue  in 
a  small  porcelain  retort,  the  excess  of  mercury  and  calomel  are. 
ilrivon  on,  leaving  pure  osmium  in  a  pulverulent  form.  In  this 
finely  divide<l  state,  it  emits  the  odour  of  tetroxide  of  osmium, 
■when  expr«ed  to  a  moist  atjnosphere ;  it  takes  fire  when  heated 
in  the  open  air,  and  is  dissolved  by  strong  nitric  acid,  or  by  aqua 
regia,  being  converted  into  tetroxide  of  osminm.  After  ignition, 
however,  it  is  no  longer  soluble  in  the  acids.  The  specitic  gravity 
of  osmium  in  tlie  p\dverulent  form  is  about  1",  but  after  it  ha* 
l»eeii  hoiited  to  the  fusing-point  of  rhodium  in  the  oxyliydrogen 
jet,  it  acquires  a  sp.  gr.  of  21"4.  In  order  to  obtain  compact 
osmium,  Deville  and  Debray  oxidize  the  alloy  of  osmium  and 
iridium  by  mixing  it  intimately  with  5J  times  its  weight  of  per- 
oxiile  (tf  barium,  heating  it  to  a  bright  red  for  2  hours,  after 
which  they  distil  with  a  mixture  of  eight  parts  of  liydrodilonc 
and  oTie  of  nitric  acid.  The  tetroxide  of  osmium  which  passes 
over  is  received  into  a  solution  of  ammonia,  su|)ersaturated  with 
Btilphuretted  hvdrngen,  and  boiled.  The  sulphide  of  osmium  i& 
spparated  by  hltration,  dried  at  a  low  temperature,  jilaced  in  a 
crucible  of  gas-coke,  which  is  enclosed  in  a  clay  ciiicible  and  luted 
down,  and  then  exposed  for  4  or  5  hours  to  a  heat  suflBcient  to 
melt  nickel.  The  osmimn  is  reduced,  and  furnishes  a  bi-ittle  mass, 
the  coliiur  of  which  has  more  of  a  bluish  cast  than  that  of  zinc. 
Jit  a  still  higher  temperature  in  the  o.xyhydrogen  jet,  at  the  fusing- 
point  of  rhodium,  it  becomes  still  denser.  It  may  be  heated  m 
this  condition  to  the  fusing-point  of  zinc  without  emitting  vapour, 
"bat  it  takes  fire  at  a  higher  temperature.  If  heated  with  7  or  S 
timen  its  weight  of  tin  in  a  charcoal  crucible  to  a  fuU  red  heat, 

I  the  osmium  is  dissolved  by  the  tin,  and  crystallizes  out  on  slow 
cotiling.  t)n  treating  the  mass  with  hydrochloric  acid,  the  oe- 
mium  is  let\  iis  very  hard  crystalline  powder.  It  may  also  be 
combined  with  zinc,  and  on  dissolving  the  zinc  in  hydrochloric 
acid  tlie  osmium  is  left  as  an  nmorjthons  combustible  powder. 
Osmium  appears  to  be  the  least  fusible  of  the  metals.  In  the  ox-y- 
liydi-Mgen  jet  platinum  is  volatilized,  and  iridium  and  ruthenium 
undergo  fusion,  but  osmium  does  not  melt,  though  it  is  volatilized 
bj  the  intense  heat. 

Osmium  ditfcrs   remarkably  from   the   other  metals  of  this 

I  group,  and  presents  more  analogy  with  areenic  and  antimony  than 

iM-ith  the  noide  metals. 

(l'S7)  Five  ()xr>ks  of  OsMruM  are  known; — OsO;  Os,0, ; 
8»0, ;  ^0,;  0sO,.    The  anhydtovis  protonnde  of  osmium  is  of 
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ft  nri-pv-lilaek,  ami  insoluble  in  nciik:  its  I 
*olul>l(!  in  liydnx'liloric  acid,  fcmning  n  *k<  i 
of  chloride,  (:>sC'l„  which  alji^orbs  oxvgon  ra] 

tiunverted  into  tho  chloride  ^Cl,.     Tlie  He^qui,.^  . 

isolated;  it  forms  rose-red  iincrystallizable  salts.     Tlie 
is  bhurk.    The  UroTide  pn  i  ft-ebly  acid  cham'^*   -     - 

be  i.Holnted,  but  it  forms  litie  coinp.nind   • 

{ofinniU:  of  ^K^ta.M.tlurn^  K,t>?U..  2  ll,t>,  or  KO,()s<), 
is  :«pariri};ly  soluble.     This  coniimund  furnisheti  a  u 
pure  ortininni.     It  is  easily  obt»in«'d  by  the  ixlditiMn   mi 
ali'oliol  to  a  solution  of  the  tetioxido  of  osmium  in  pt» 
oaniitc  separates  in  largo  rose-coloured  ttctohetlra,  which 
manent  in  a  dry  air,  but  absorb  oxygen  if  moists     If  thi**! 
diijested  in  a  solution  of  chloride  of  amnioninm,  a  vellviw  tfvp 
soluble  salt  is  ftirnied  (2  II,NC1,0.>B,H,X,),  which,  when 
in  a  current  of  hydrotjcn.  leaves  pure  i«niiuni. 

TutjUKtuh'  (if  OHimuiii^  or  OKinic  ruvd  (f>sO, ;    }.' 
up.  (jr.  of  I'iTjjour,  8"SS)  is  the  volatile  coinjwumd  wli 
when  the  metal  i:s  heiited  with   nitn.',  or  when   roasted  in  »ir^ 
forms  colourless,  aeicular,  transparent,  dexible  crystals  which  { 
readily   fusible,    and   are   freely  soluble    in  water  ;  it  )ma\ 
about  iili!°,  emitting  an  extremely  irritating  and   deieterii 
jMiur,  with  a  pungent  characteristic  odour  somewlntt 
that  of  chlorine  :  hence  the  name  of  the  metal  osmium  (fi 
odour  I :  it  does  not  combine  with  acids  ;  but  though  it  iiiiJ 
the  alkalic-i,  !t8  solution  does  not  red<len  litmus,  and  it« 
in  the  alkalies  gi%'a  oti"  tetroxido  when  boiled.    It  prodtiec 
tnanent  black  stain  upon  the  skin  when  tonehed,  owini 
partial  reduction  of  the  metal,  and  gives  n  eharacteristic*  111 
ci]>itate  when  its  solutions  are  mixed  with  tinetnre  of  giilU, 
cording  to  Fremy,  another  oxide  of  osmiutn  (^-^O,  f )  e\  ' 
i*  very  uuhtahle  ;  it  tbrms  compoun<U  witli  potash  nnd  - 
have  a  dark-brown  colour ;  they  sometimes  orygtallizc  frotn  i 
centrated  alkaline  solutions. 

If  the  aqueous  solution  of  tetroxide  «»f  osmium  he  ti. 
sulphuretted  hydrogen,  an  immediate  jirecinitate  of  tliu  ..un-fv 
dratcd  Mriuulphidr  occiirs,  which  is  f^lightiy  soluble  in  soU 
of  the  sulpliideriof  the  alkaline  metals.     Four  inferior  d« 
sulphur:Uii>t>  of  osmium  also  exist;  thoy  correspond  in  coiui 
witli  the  oxides.     These  snlphiiies  arc  decomposwl  by  prol 
ignition,  and  pure  osmiutn  is  lelY, 

(988)  There  are  four  ','/</*//•  iVZ***  ofogtnium,  viz. — OsCl, ; 
0»Ol^ ;  0:jC1.  :   the  nvimonn  Kuhchhiridc,  (O^Cl,)  f)r  ">■■  '■ 
is  green,  and  stdilimesi  in  green  net^dles;  it  is  pntdii. 
powdered  oemimn  in  a  oyrrent  of  chlorine  ;  ihedoui'if  s,i 
it  forms  are  of  a  green  colour.     The  osmt'c  tithchhridr  (f 
hichlorid*'^  is  formed  in  the  satne  way  <is  iwmious  ^ 
ejnploying  an  excess  of  chlorine;  if   tjs  more  vi. 
denses  as  a  red,  crystalline,  fu■^ihh^ 
this  and  the  nrocedingcM'iiMi' ;oi' il!  ,     . 

<i«wrapu«»lWu,1^>vmii  uium  autd  hyrl 
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'd,  nnd  depositing  nietallie  osiuiurn.  Osmic  8nl)cliliiri(Ie  forms 
with  cliloriilo  nf  pota^wiuiii  a  bciintitul  6]>iu'iiiglv  soluble  re-d  Riilf, 
■whicli  furnisher  oi'toliedral  crystuls  (2  KCl,OsCl„  or  KCl.O&Cl,); 
this  iialt  is  olititinod  liy  lioiitiiij;  u  nnxturo  of  osiuiuin  with  ohlo- 
Tide  of  potaasium  in  a  current  of  chlorine:  it  is  isoinorjdiuu.* 
vith  the  eoiTcsponding  plntinnin  salt,  and  yields  a  characteristic 
dark  oUve-u;reen  jirecipilate  with  nitrate  ttf  silver  (2  AgCijOeCl, ; 
Clauf.).  Mercurons  nitrate  gives  with  it  a  roddish-hrown  preei- 
pitflte  :  tannic  acid  gives  with  it,  when  lieated,  a  dark-blue 
Sfilntion,  and  ferrocyanide  of  potaseioin,  a  chrome-green  liquid, 
j»as!iiiig  into  dark  blue. 

Double  riults  may  also  be  formed  which  contain  both  osmiouB 
chloride  (OsC'l,)  and  ot^niic  chloride  (0.sCl,). 

A  comiwund  of  nitrogen,  oxvgen,  and  osiuiuin  (Os,N,0,),  was 
formed  by  Fritsche  and  Stnive.  It  may  be  obtained  by  acting  upon 
H  mixture  of  caustic  potash  and  ammonia  by  moans  of  tetroxide 
of  osmium  :  these  chemist*  termed  it  OKman-omnic and .  Witli  the 
alkalies  it  forms  yellow  crystalline  com  pounds,  which  detonate  rea- 
dily when  rliey  are  struck  orsuddeidy  heated.  The  potassium  salt 
luuy  l)e  represented  by  the  formula,  K,Ob,N,G„  orKO,(J8,NO,. 

The  properties  of  the  salts  of  osmium  have  been  but  incom- 
pletely atM^ertained.  When  boiled  with  nitric  acid  they  all  evolve 
vapom-s  oi  tetroxide  of  osmium. 

§  IX.  Iridium:  Ir=197'l,  or  Ir=98-56.     Sp.  Gr.  21'15. 

(989)  Ibtoium  was  discovered  at  the  same  time  as  osmium, 
"hv  fMnithson  Tennant.  It  is  occasionally  found  native  and  nearly 
pure  in  considerable  masses  among  the  rralian  ores  of  iilutinum, 
out  it  usually  occurs  combined  with  osmium  as  an  alloy  in  flat 
f^;a]e8.  Iridium  appears  to  be  dimoii^lious,  for  it  is  found  crystal- 
lized  both  in  cubes  and  in  doulde  six-sided  pyramids  (G.  litose). 
In  order  to  olttain  the  metal  in  the  se]ianite  state,  Wiibler  recom- 
mendb  the  nowdererl  alloy  to  be  intimately  mixed  with  an  equal 
weight  of  finely  [>owdorcd  fused  chloride  of  K^diuin.  and  the  niix- 
turt;  to  be  lieatcfl  to  dull  redness  in  a  glass  tube  through  which  a 
current  of  diT  chlorine  is  transmitted  00  long  as  it  is  absorbed. 
The  alloy  is  decomposed  by  the  chlorine ;  double  chlorides  of 
iridium  and  si'tdium,  and  of  osmium  and  sodium  are  thus  formed. 
Thev  are  dissolved  in  boiling  water,  and  are  tluis  freed  from  the 
insoluble  jxirtions.  The  solutinn  is  then  concentrated,  and  the 
liquid  so  obtained  is  mixed  with  nitric  acid  and  distilled ;  the 
double  salt  of  osmium  is  decomposed  by  this  means,  and  tetroxide 
of  osmium  is  formed,  whilst  the  iridium  salt  remains  in  the 
li<|uid  :  the  oxide  of  osmium  being  volatile,  is  expelled  during  the 
distillation.  The  addition  of  chloride  of  ammonium  to  the  concen- 
trate<l  solution  in  the  retort  produces  a  precipitate  of  the  double 
chloride  of  indium  and  amiiKmium,  which,  upon  ignition,  yields 
nietallie  iridium.  The  metal,  however,  if  obtained  thus,  is  liable 
to  be  contaminated  with  ruthenium.  It  is  preferable  to  adopt 
•Fremy'fi  method  of  procuring  the  double  chloride  of  iridium  and 
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potasAium  ('984).     The  fialt  may  be  decrtrnposcd  b>'  iimitic 
current  of  hydrogcti ;  »ii(l  the  chluride  of  potassiuin  tnayl 
moved  l)V  ^viishiris?  with  wiitrr.  when  the  iridium  L-  left 
form  of  a  tiiiply  dividt-d  powdor. 

fridium  is  a,  very  hard,  white,  hrittlo  metal,  ■ 
meltud  on  liitie  by  flie  <»xyhy«lroiren  Muwpipe.  or 
the  voltjiic  c-nrrpnt.     It  w:i*  f<Mm<l  In  have  in  i; 
density  of  til '15  (Deville  and  Dohray);  and  a  i.......   „,..._, 

tinum  and  iridium  even  of  sp.  gr.  2^'fi  iti  known.     If  heal 
finely  divideil  etato  in  the  open  air  it  ahsorlw  oxvi^m.  I 
masfs  it  remain^^  imchanwed  by  exposure  tu  heat.      Tu  i»- 
form  it  is  unacted  on  by  any  of  tlie  acids  or  bv  a 
when  alloyed  with  platinum  it  ie  readily  dissolved 
Pulverulent  iridium,  when  fased  with  nitre  or  witiv  the  li 
alkalies,  beeomi^s  oxidizetl,  and  a  similar  eflVcl  is  pn>d 
heatint;  it  with  acid  sulphate  of  potaasium.      Iridium  nj»yj 
tained  in  a  finely  divided  ptate  W  decomposir  '         '■ 
sulphate  by  alcohol :  it  then  forms  a  black  powi  1 
properties  similar  to  those  of  platinum  black  (V'iftj, 

i90i))  f).xmKS  OF  iRmuiitf. — This  metal  forma  three   d^tdit 
combinations  with  oxyfjon,  h-O ;  lr,0, ;  ami  FrO, ;  they  p 
one  into  the  other,  and  thus  give  the  variety  of  tints  ^^ 
tions  of  rhe  salts  of  this  metal  assume,      From  tliese  . 
colour  the  name  of  iridinm,  derived  from  frig,  the  raiu./..^,  ,. 
conferred  on  the  metal. 

The  profoxiiiti  is  obtained  as  a  black  aid  .  ' 
composing  dry  iririions  chloride  (JrCI,)  by  i; 
solution  of  potash.      It  is  attacked  by  ncid^  witli  li 
dissolved  by  the  alkalies;  the  sdlntion  in  caustic  i 
oxyijen  from  the  air,  and  bectomea  blue.      It»  solntion^  in 
acids  have  a  dirujy  green  colour. 

The  n/'.^quioxtrle  is  the  compound  formed  when  iridiam  i»ftu| 
with  hydrate  of  potash  or  with  nitre,  or  by  heating  jhe  pi 
lout  metal  in  air.    It  is  a  bluish  black  powder,  which  is  di-r-fm 
by  a  full  red  heat,  and  i^*  readily  reduced  by  In  " 
bustil)Ie  snbstam-eii.      This  anhydrous  oxide  is 
and  even  in  fuspil  acid  sulphate  of  potassium.      If  »  »olu 
tercldoridc  of  indium  be  h«>ile«i  with  a  solution  of  caustic 
oxygen  is  absorbed,  and  an  indigo-blue  precipitate,  whi 
hydrate  of  the  himxride  of  in/iivm  (fr©„   2  1J.<'- 
((^hius).    It  may  be  rendered  anhydrous  by  a  gei 
binoxide  is  hut  s.lowly  dissolved  by'  a<ddp:  the  hyib 
tion  is  at  first  blue,  it  then  becomes  green,  ainl. 
changes  tii  reddishdirown,  whilst  perchloridc  ot 

Three  aulpfiides  of  iridium  correspimding  '•• 
be  prepared  by  decojri[.osiMg  tlio  chlorides  of  the  roelal  by 
of  Bulijliurctted  hydrogen. 

Indium,  like  palladium,  when  held  in  the  flmno  ot 
lamp,  becomes  covered  with  carbonaceouB  excrospencf>.  v  i>n 
contain  a  eonsidcrablo  portion  of  metallic  iridium. 

(y91)  CuLoaiDKB  or  Jbipium.^^''  -ix»mi  in  nni 
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with  the  oxides.  They  all  form  double  salts  with  the  chlorides 
of  the  alkaline  metals.  According  to  Glaus,  the  bichloride  (irCl,, 
QT protocMoride,  IrCl)  may  be  obtained  in  solution  in  combination 
with  chloride  of  potassium,  if  the  double  salt  of  terchloride  of 
iridium  with  chloride  of  potassium  (3  KCl,frCl,)  be  treated  with 
a  solution  of  the  acid-sulphite  of  potassium,  until  the  green  colour 
has  passed  into  red ;  on  evaporating  the  solution  carefuUv,  red  ci-ys- 
tels  of  the  double  saU  (4  KCl,irCl, .  2  K,Se.,IrSe„  12  11,0)  are- 
deposited.  The  terchloride  (IrCl,,  or  sesquichloride,  Ir,Cl,)  is  the- 
most  stable  of  the  three  chlorides :  it  forms  a  solution  of  an  olive- 
green  colour ;  with  mercurous  nitrate  it  gives  a  bright  ochre-yellow 
precipitate  (frCl„3  2gCl),  and  a  similar  compound  is  formed  with 
nitrate  of  silver,  which  at  first  is  dark-blue,  but  soon  becomes 
oolonrlees :  it  forms  salts  with  chloride  of  sodium  and  with  chlo- 
ride of  potassium.  If  dry  chlorine  be  transmitted  over  a  mixture 
of  finely  divided  iridium  and  chloride  of  potassium,  a  double  salt,. 
of  a  reddish-black  colour  (2  KCl,IrCli,  or  KCljIrCl, ;  sp.  ^.  3-546), 
consisting  of  tetrachloride  of  iridium  and  chloride  of  potassiimi,. 
is  formed.  It  may  be  dissolved  in  boiling  water,  and  is  deposited 
in  octohedra  on  evaporating  the  solution ;  it  con-esponds  in  com- 
position to  the  platinum  salt,  with  which  it  is  isomoi-phous.  A 
similar  salt  of  sodium  may  be  formed  in  the  same  manner,  by  sub- 
stituting chloride  of  sodium  for  chloride  of  potassium :  it  is  freely 
soluble.  Tetrachloride  of  iridium  forms  a  similar  salt  with  sal 
ammoniac,  which  possesses  a  very  intense  colouring  power,  and 
produces  a  dull  brown  solution  even  when  much  diluted.  It  is 
remarkable  that  the  addition  of  caustic  potash  in  small  quantity 
to  this  chloride  converts  it  into  the  olive-green  terchloride.  Tetra- 
chloride of  iridium,  when  heated  with  ammonia,  forms  a  series 
of  compound  bases  analogous  to  those  furnished  by  platinum  and. 
palladium. 

Glaus  considers  that  the  compounds  formerly  described  as  con-^ 
taining  teroxide  and  terchloride  (hexachloride)  of  iridium  were 
really  compounds  of  ruthenium. 

The  salts  of  iridium  have  been  but  incompletely  examined. 

Iridium  is  apt  to  accompany  the  double  chlorides  of  platinum' 
with  potassium  and  ammonium.  It  may  be  separated  from  pla- 
tinum by  precipitating  the  two  metals  together,  by  means  of 
chloride  of  potassium:  the  precipitate  is  washed,  and  either 
digested  with  cyanide  of  potassium  which  dissolves  the  iridium  and* 
leaves  the  platinum;  or  it  may  be  fused  with  twice  its  weight 
of  carbonate  of  potassium.  The  platinum  is  by  the  latter  opera- 
tion reduced  to  the  metallic  state,  whilst  the  iridium  remains  in 
the  form  of  sesquioxide.  The  potassium  salts  are  removed  by 
washing,  and  the  platinum  is  redissolved  by  means  of  aqua  regia, 
which  does  not  attack  the  oxide  of  iridium.  This  operation  some- 
times requires  repetition,  as  a  portion  of  iridium  may  escape  oxi- 
dation on  the  first  occasion. 
46 
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CHAPTER  XX. 

ON  SOaCE  CIBCUMSTA>TES  WHICH  MODIFT  TirE  OPEBATIOSg 
CUEMICXL  ATnSACTION. 

(992)  In  the  first  volume  of  this  work  an  outlino  wjws  fr\Tm\ 
the  lea(lii»«i  characters  of  the  mo«t  iinpurtHiit  v:i' 
(silar  ami  ixilar  fon-ps,  as  vievve<l  in  th»^ir  simtilest  c 
the  eefon<l  volume  the  attention  uf  the  romler  has  liitlM- 
diriT-ted  principally  to  the  rtt^ulta  prcKluced  }<v  t!u-  .v.. 
chemical  attraction  iti  the  fonnatiyn  nf  thft  vm 
innriranic  origin,  without  reference  to  the  efhti.»  >>i   (.un-i 
whiuli  may  have  conomTe<l   in  their  pnxluetion.     It  w 
ever,  now  he  a<1visable  to  tmce  the  influeiice  ex' 
operation  of  chemical  attraction  hy  theci>-oj>enitiori 
of  ehisticity  and  cohwon,  of  atihc^ion,  and  of  I 
Canes  in  whi<"h  the  eheiuical  deci imposition  of  oii 
another  in  due  simply  to  differences  in  the  dcjrroo  of 
nttraetion  are  much  less  numerous  than  might  at  first  }>*>  imi,. 
The  displacement  of  one  metal  by  another  from  its  RoInti<»n*,i 
as  that  of  siilver  by  mercury,  of  mercury  !> 
lead,  and   of  lead   by   zinc    (7,4),  furiii-  k 

examples  of  thiBkind;  and  similar  instance*  aru  >ill'niilctl  1^ 
diftplacemeiit  of  one  base  by  another  int^oltjble  base,  aa  wi 
oxide  of  copper  is  displaced  from  a  solution  of  nitnite  of  cojil 
hy  boiling  it  with  freshly  precipitated  oxide  of  zinc  or  oxide] 
bilver. 


§  I.  LnatTENCE  OF  Cohesion,  AoHEsioar,  asv  Elasticity. 

(093)  Tnfitience  of  Cohemim-  upon  Chfnmcal.  Atfmctf/yn. — f^H 
eliemical  attraction  is  a  molcHiular  force,  which  is  e\ 
wiieii   the  |)articles  of  bodies  are  within    di'st:''i''"- 
small,  minnt«  subdivision  and  diminution  of 
expected  to  favour  its  mnnife?t!ition,  by  incn-a-inu  ni< 
and  facilitatiue^  the  niutnal  contact  of  the  combininsr  h<»d| 
will  therefore  Ito  nee«lle5s  to  give  more  than  one  or  two  iti 
in   proof  of  this  point: — Iron,  copper,  lead,  anfl    fimnir^ 
n\etids,  when  exposed  to  the  atmosohere  in  nutse,  l^ 

very  slowly  by  it,  and  tlicy  graaually  become  < 
oxide  upon  the  surface:  if,  liowever,  they  he  reduced  to  ft' 
(Kvidwl  state,  tliey  are  oxidized  with  such  rapidity  as  of 
becotue  incandeftcent.     If  imn,  ci^baJt,  or  nickel  be  rcnlr " 
hvilrogen  from  its  oxide,  at  a  low  red  heat,  it  '      '     ' 
form  :  by  tlie  interposition  of  some  infusible  m 
particles  of  the  pii-cipitated  oxide.  !i«<  may  be  < 
tuti»>j  a  little  alumina   or,  ma;,''">ia  alnTiix  ^ 
tendency  to  rapid  oxiilation  is  riiuch  i 
the  cohesion  ot  the  tine  partid'-  "'"  " 


in7luilnce  of  adhesion,  solution,  and  ELAsncrrr. 
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with  facility.  Copper,  when  precipitated  from  its  eohitious  by 
metallic  irou,  or  vjien  reducfd  by  nje»iiii»  of  hydrogen  from  ite 
oxide  at  a  low  tfiiiiioriiturL',  ofteu  tiikes  fire  anil  jrlows  like  tinder, 
when  only  a  very  slij^Lt  ulovation  of  temperature  is  apjtliod  to  it. 
If  a  portion  of  tartrate  ol  lead  he  exposed  in  a  glass  tube  to  a  heat 
sufficient  to  char  the  acid,  the  metallic  lead  is  reduced  through- 
ont  the  mass  in  a  &tato  of  extreme  divi&ion,  and  when  ponnvi  into 
the  air  it  generally  takers  fire,  and  burns  with  scintillationg. 

The  opposite  influence,  exercirrod  by  the  force  of  cohesion,  is 
soon  on  contniriting  tliL?  facility  with  wliich  disintegrated  carbon 
burns  when  in  tlie  shape  of  tmder,  with  the  dithculty  which  is 
experienced  in  eiiecting  the  combuiition  of  the  eomj>act  coke 
"which  iu  deposited  fix)m  coal-giis  ujmiu  the  interior  of  the  iron 
retorts;  and  a  decrease  of  combuiitibility  may  be  traced  through 
all  the  different  forms  of  carbon,  iu  proportion  as  tlieir  hardness 
»nd  dt-nslty  inereiwo. 

(i)y4)  /nJliKiire  of  Adhesion  and  Solniion  on  Ckemiml  Attrao- 
tion. — It  is  mainly  to  the  intimate  subdivision  effected  by  nicans 
of  Htliition,  that  this  oj»eratIon  ow««  it*  im(H)rtant  intluonce  in 
facilitating  chemical  combination.  The  force  of  cohesion  amongst 
the  eom|K>nent  particles  of  the  botlieji  dissolved  is  balanced  by 
their  adhesion  t^>  those  of  the  litjuid,  and  the  particles  of  the  eub- 
atajjce  in  golution,  being  free  to  move  in  any  direction,  easily  obey 
tlic  forco  of  chemiful  attraction. 

The  influence  of  cohesion  in  preventing  chemical  action,  and 
tlie  manner  in  which  tlie  force  of  adhesion,  as  ditipla^ed  iu  the 
produftiDn  of  solution,  nuiy  act  in  favoiiring  <.heiri)cal  atttiou,  are 
well  cxemplitied  by  the  effect  of  nitric  acid  ujum  carbonate  of 
harinm.  jNitrate  of  barium,  although  soluble  iu  water  and  in 
tlil\ite<l  nitric  acid,  is  n<»t  ealul>lc  in  the  concentrated  acid  :  when, 
therefore,  concentrated  nitric  acid  is  poured  upon  tinely  jiowdored 
carbonate  of  barium,  it  oecfisions  but  a  slight  effervescence,  which 
Pj»ee<lily  conies  to  an  end,  although  the  acid  may  be  in  large 
i!.\ct!wi.  If  the  H<prul  be  diluted  with  a  small  quantity  i>f  water, 
A  brisk  effervescence  is  temporarily  renewed,  but  again  soon 
tjeaseif ;  on  a  further  addition  of  water,  a  fresh  effervescence 
OecuJ-s,  and  when  the  acid  has  been  «liluted  with  8  or  10  times 
it«  hulk  of  water,  the  whole  of  the  carlmnate  of  barium  ie  decom- 
|)oecd  and  dissolved. 

For  a  similar  reason,  alcoholic  solutions  of  acids  are  without 
action  on  the  carbonates,  unless  the  resulting  salt  bo  soluble  iu 
alcuh'-il.  A  mixture  of  tartaric  acid  and  alcoliol  will  n<it  dctnuu- 
iMUk!  carbonate  <if  juitassinni.  llydrochlorie  acid  when  dissolved 
in  alcohol  will  not  decompose  caibonate  of  potassium,  but  will 
decompose  carlxnuUe  of  cah-ium.  An  alcoholic  solution  of  nitric 
*cid  ueeomposee  carlxinate  of  calcimn,  but  not  carbonate  of 
potassium.  The  tartrates  are  insoluble  in  alcohol,  so  are  chloride 
and  nitrate  of  potassium,  but  chloride  and  nitrate  of  odcium  are 
dinnolved  by  ah-oliol  freely. 

'.>5)  /iitfi'eiu'i'  of  EliinticUy. — In  the  numerous  instances  in 
I  two  sal t» produce  in utual  decomposil'voia, 'Ltc*\\\fc'ViX  c's.* 
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are  aftordetl  of  tlie  results  prodnced  by  the  interferewee  of  oAnt 

fon-cs  with  that  of  chemical  attniction.     The    ■     ' 

of  Hinrnoniuin  on  carbonate  of  ("ilcimn  affords  :i  ll 

these  two  B»]U  be  mixed  in  a  drv  state,  at  or<li' 

thev  do  not  appear  to  act  upon  each  other;  1  ■ 

tiie  inllucuce  of  a  gentle  heat,  a  donble  dec<mn 

CHrbonate  of  ammoJiiuni  and  8u1phato  of  calcium  .ht    y.- 

the  vtilatile  ciU'l)onnte  of  nniiuotiium  h  oxpelk^.I,  iind  bv  th< 

the  force  of  chisticity,  it  is  removed  from  the  n." 

(II.N),se.  yielding ■(n.X).ee,  +  eaSe..     But 

of  *idphale  of  ciilcium  to  l>e  mixed  >rith  one  «i 

munimn,  the  effects  are  exactly  rcversied:  carl 

owing  U)  its  insolubility  and  tlie  predominance  of  cohei^ion  anw 

its  imrtieles,  is  precipitated,  whilst  the  solulil'*  -i.l. .!..(.■  ..'' 

monium   remains  in  tlie  liquid;   and  now  {] 

be<'nMie   eHee,-f(n.X),SO..      The   chemist   v.  i  v    ,,it.ii   ..n 

himself  of  the   influence  of  elasticity   in    prornotin?  rhe 

decomposition.     WJicn,  for  example,  nn  acid  is*  u-' 

it  may  <lecompot^e  that  Bait.  nn<l  its  radicle  take  th' 

acid  radicle  previously  in  comliinatiou  with  the  bajsyi,  provfi 

that  the  original  acid  can  assume  the  gaseous  fonn  at  oi  " 

t.em[VL'ratures,  or  cau  be  converted  into  vapour  at  a  tem] 

below  that  required  to  volatilize  the  acid  e«nployed  to  disin 

CarWnic  acid  may  thus  be  displaced  from  the  cfirbonut.fM  111 

tions  of  all  the  ordinary  minerul  and  vegetable  acidA,  ex( 

hydrocyanic  and  liydrosnl|thiiric  acifls. 

It  IS  upon  this  principle  that  sulphuric  acid,  v 
heat,  16  eiuploved  to  displace  the  nitric,  the  hyi 
acetic,  the  lonnic,  the  Vuityric,  and  other  volatile  acifb  fr 
salts  by  distillation.     Even  a  feebler  but  more  fix«.vl  ac 
exj>el  the  stronger  aci«ls  which  are  more  volatile  than  iti»elf; 
acid,  fi<r  example,  if  boiled  with  solutions  of  the  chloride, 
hydripihloric  acid  friiin  the  liquid  witli  facility. 

A  remarkable  illnstration  of  the  importunt  infl' 
by  ohisticity  in  counteracting  powerful  cliemlcal 
atfonled  in  the  docoiuposition  of  the  sulphates   thetu^-i 
weaker  acids  at  a  high  tem]>erature ; — for  example,  the  acl 
Bulphuric  acid  upon  bases  is  of  the  most  energetic  kind,  wLl 
that  of  boracic  acid,  on  the  contrary,  is  extremely  fef;bl«^      Ij 
solution  of  borax  be  mixed  with  sulphuric  acid,  the  sodimn  of 
salt  will  change  places  with  the  hydrogen  of  the 
as  it  is  added,  whd'^t  boracic  acid  will  gmdiially  be 
if  the  liquid  be  hot  and  not  too  concentrated,  will  be  reti 
solution.      Owing  to  the  peculiar  action  of  boracic  acid 
litmus,  it  cau  be  shown  that  the  two  acids  do  not  t\l 
sodinm  Ix'tween  them,  for  if  a  piece  of  blue  litmu*-]>"  ■■"  '■ 
in  the  liijuid,  it  will  exhibit  the  peculiar  wine-n 
boracic  acid,  until  a  quantity  of  sulphuric  acid 
to   the  SfKliiun  confMirted   iti  the  Ixinix   bai*  b«'< 

momcv.' 
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Utiniis  from  dusky  purplish-red  to  a  bright  red.  It  is  therefore 
clear  that  boracic  acid  cannot  eflect  even  a  partial  displacement 
of  sulphuric  acid  from  its  combination  with  sodium  when  the  two 
are  in  solution.  But  it  is  otherwise  at  a  red  heat ;  if  boracic 
anhydride  be  fused  with  sulphate  of  sodium,  borax  is  produced, 
and  sulphuric  anhydride,  which  is  volatile  at  this  high  tempera- 
ture, is  expelled  in  the  elastic  form.  Other  acids  and  anhydrides 
which  are  known  to  have  a  feebler  attraction  for  bases  than 
sulphuric  acid,  but  which  support  a  red  heat  without  experi- 
encing volatilization,  such  as  the  phosphoric  and  silicic  anhy- 
drides, are  also  able  to  decompose  the  sulphates  when  heated 
with  them. 

In  like  manner  when  a  base  which  is  fixed  is  heated  with  the 
salt  of  a  volatile  base,  the  volatile  base  is  displaced  by  the  more 
fixed  one ;  tlius  quicklime  or  hydrate  of  potash,  if  heated  with 
the  salts  of  ammonium,  is  converted  into  a  salt  of  calcium  or  of 
potassinm,  whilst  water  and  gaseous  ammonia  are  expelled : 
2  H«NCH-eae=eaCl,-|-H,e+2  H,X. 

(996)  The  effect  of  elasticity  in  removing  from  the  sphere  of 
action  one  of  the  components  of  a  body  which  is  undergoing  de- 
composition, may  in  some  cases  be  considerably  assisted  by  mechan- 
ical means ;  and  wlieu  the  attractions  of  tlie  displacing  body,  and 
of  the  substance  displaced  by  it,  for  the  other  constituent  of  the 
compound,  are  nearly  equal,  effects  which  are  in  a]>parent  oppo 
sition  to  each  other  may  sometimes  be  produced.  lor  instance, 
oxide  of  iron,  when  heated  to  redness  in  a  current  of  hydrogen 
gas,  is  gradually  reduced  to  the  metallic  state :  the  steps  of  the 
process  appear  to  be  these :  a  small  quantity  of  water  is  formed  ; 
It  immediately  diffuses  itself  in  vapour  into  the  hydrogen,  and  is 
mechanically  carried  away  by  the  cuiTent  of  this  gas,  whicli  must 
be  employea  in  considerable  excess  for  this  purpose ;  and  this  pro- 
cess goes  on  until  the  reduction  is  complete.  On  the  other  hand, 
if  metallic  iron  be  heated  in  a  current  of  steam,  water  is  decom- 
posed, hydrogen  is  liberated,  and  is  carried  beyond  the  reach  of 
chemical  action  upon  the  newly  formed  oxide  of  iron  by  the  excess 
of  the  steam  employed.  In  a  similar  manner,  if  a  cun-ent  of  sul- 
phuretted hydrogen  be  transmitted  in  large  excess  over  solid  acid- 
carbonate  of  potassium,  aided  by  a  gentle  heat,  carbonic  anhydride 
and  water  will  be  displaced  from  the  acid  carbonate,  and  carried 
forward  by  the  excess  of  the  gas,  whilst  sulphide  of  potassium 
will  be  formed,  2  KIiee,-fn,S=2  eO.-f  K,S+2  H,e.  But 
sulphide  of  potassium,  if  dissolved  in  water,  and  sul>jecte<l  to  a 
current  of  carbonic  anhydride,  will,  in  its  turn,  be  gradually  but 
completely  decomposed  :  the  sulphuretted  hydrogen  l.)eing  carried 
away  by  the  excess  of  carbonic  anhydride,  whilst  acid  carbonate 
of  potassium  is  formed  in  the  liquid :  K,S-|-  2  OO,  +  2  11,0= II,S 

-i-2KHee,.. 

(997)  If  elasticity  be  prevented  by  mechanical  means  from  ex- 
tirting  its  influence  m  removing  a  body  from  contact  with  othera 
for  which  it  has  an  attraction,  combinations  may  be  obtained 
which  cannot  otherwise  be  procured.    Wohler  {Luhig^s  Annul. 
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Ixxxv.  S70)  f».nind  that  a  hydrate  of  sulphur^tetl  liyfltx^ 
l)e  ol>tjiine<l  in  colourless  cryBtals,  if  a  rmrtiou  of  ]>er%ulfj^ 
hydrtitrfn,  freed  from  a<Mtl,  w  t^ealwl  no  III 
a  riiimll  <juuntity  of  wfttor;  tin-  j>ci>.iil)»lii' 
d*?c-<>iiijM)siti«iri  into  (.Tvstiillizcd  diiljiitur  ai 
hydrogen,  whicli,  at  orditmry  tenipi'ratinv 
HiMiiU  17  ^»tnlos^l>lleret^.     UD<lc'r  tlu*se  (Mrfnlnslnnfet?   it  t^jmhii 
with  WHter,  and  forms  a  cryKtalline  solid,  which  diHitp^ 
eftervt<scenee  when  the  tube  is?  heatt'd  to  80",  bnt  is  roproi 
coolinj;.      If  a  tube   containinuf  crystids  of  thiis.  im»iu}» 
opened,  tho  crystals  ininiedirttely  disappear  with   l»ri»k 
eoiico.     In  other  ciwes,  tlie  deconipoisition  of  • 
formed  may  be  retarded  or  piwentetl,  by  pn 
of  the  elastic  eoiitstitnent  by  mechanical  means.     II  vdniit*  »if  < 
fine  oti'eiTs,  an   iiistaueo  ot  this  kind.     Un<ler  ordinary  cir 
stances,  this  Bub**tance  l>ecome6  li(pnd  at  a  few  det^re*:*  nlnfrv 
freezinf;-point  of  water,  with  e6caj>e  of  gaeeouH  clilorine:  l»at' 
the  solid  hydrute  be  sealed  np  in  a  glais?  tube,  it   rctoaitis 
even  wiien  the  temperature  ri-ses  as  high  as  7U°,  tlie  prcwuii*  j 
chhtrine  within  tlie  tube  retanling  the  deconipo?*ition. 
<'.arl>oiiHte  of  calcium  is?  dcc<tnipo(ipd  in  )in  open  tiro,  at  ai 
into  carbonic  atihydride  and  onicklime;  bnt  if  it  be  cue 
an  iron  tnl)P,  the  mouth  of  which  is  plugged  to  prevent  tJie  i 
of  the  acid,  tl^e  carbonate  mav  be  ttielte^j,  and  on  cfn^Ung  it 
nishes  a  granular  mass,  whicti  is  still  carbonate  of  calciuiT),  i 
hiLS  the  uppearam-e  of  marble  (Sir  J.  Hall). 

(iMtS)  Action  itf  Ac'uh  on  Suits  in  Sit/uttrm. — Wh»'nn»« 
acid  is  added  to  the  solution  of  a  salt  with  the  liasyl  of 
capable  of  forming  a  soluble  compoiuid,  it  iriay  be  m 
produce  a  division  of  the  basyl  between  its  own  radi<'U* 
of  the  acid  with  which  it  w«»i*  j>reviously  united,  so  thai  U 
and  two  salts  may  be  present  in  the  liiiuid,  in  «»tno  tml 
proportions  depending  upon  the  strtrngln  of  the  relattvoj 
tioiis  of  the  basyl  for  the  radicles  of  tlio  two  aci<ls  : — thi 
nitrate  of  potassinm  is  mixed  with    suli>hurii 
pota-isium  may  Iks  supposed  to  enter  into  cm: 
mdi<'.le  of  tlie  suliduinc  acid,  and  |)art  to  remain  »i  i| 

of  the  nitric  acid,  while  a  ]»orti(tn  of  nitric  acid  wi 
and  will  becomemi.xcd  with  the  uncombined  sulphuric  lU'id  :  fw 
ample.  2  II.Se.  +  -i  KNe,=2  KNO,  +  K,Se.  +  2  IINe.-f-T 
The  occurrence  of  sucJi  a  deci)m])06ition  as  tliis,  nlthoni 
bable,  in  many  owes  does  not  admit  of  direct  pr^^of.     If  i 
tional  fnree  lie  calleil  iiitv>  operation,  such  as  th«  d«»v»»lo|v»i 
elasticitv  on  the  ajiplication  of  heat,  the  itior< 
be  expelle<l  in  the  form  of  vajmur,  and  may  ii( 

from  the  sphere    of  action.     This,    hovevyr,    is    no    pro 
such   a  partition  of  the  basyl  actually  existcil    bi'i"..i-.-  tb| 
was  applio^l.     In  cases  where  the  attraction  of  the 
acid  for  the  basyl  is  very  Btn>ng,  wliilst  that  of  the 
tlie  stronger  acid  may  (as  in  the  ca»e  of  sulnhnric  ; 
already  tiled)  entirtdy  api)r«»pri«i>    I     '  .:ut 


ACmON  OF  AOIDS  ON  SALTB  DT  BOLTHION.  727 

the  two  acids  at  all  approach  each  other  in  chemical  power,  it 
must  be  asBumed  that  a  divieion  of  the  basj-l  takes  place.  Some- 
times the  oceun-ence  of  such  a  partition  can  be  proved  by  the 
change  of  colour  which  ensues  after  the  mixture  has  been  effected. 
Sulphate  of  copper,  for  example,  is  of  a  blue  colotir  when  in  solu- 
tion, and  chloride  of  copper  is  green.  If  a  solution  of  the  bine 
Bulpiiate  be  mixed  with  hydrocTdoric  acid,  it  is  evident  that  the 
copper  enters  partially  into  combination  with  the  chlorine  of  the 
byciroc'hloric  acid,  since  the  solution  assumes  a  briglit  green  tint ; 

2euse,-i-4  Hci=€use,+euCi.-hH,se,-i-2  net 

If  the  basyl  form  an  insoluble  compound  with  the  radicle  of 
the  newly  added  acid,  it  is  possible  to  decompose  the  original  salt 
eompletely  by  its  means.  It,  for  instance,  a  solution  of  nitrate  or 
of  acetate  of  barium  be  mixed  with  sulphuric  acid,  it  may  be  sup- 
posed that  the  barium  divides  itself  between  the  radicles  of  the  two 
acids  in  proportion  to  its  attraction  for  each ;  but  the  sulphate  of 
barium  being  insoluble  is  at  once  withdrawn  from  the  mixture, 
and  the  barium  remaining  in  the  original  salt  again  divides  itself 
between  the  radicles  of  the  two  acids ;  the  fresh  portion  of 
Biilphate  of  barium,  however,  is  immediately  precipitated ;  and 
so,  by  a  series  of  steps  which,  where  the  chemical  attractions  are 
strong,  succeed  each  other  far  more  rapidly  than  they  can  be 
described, — ^the  whole  of  the  barium  is  separated  in  the  fonn  of  an 
insoluble  sulphate,  leaving  the  nitric  or  the  acetic  acid  free  in  the 
solution. 

A  very  feeble  acid  may  even  disuplace  a  more  powerful  one 
when  the  compound  which  it  forms  is  insoluble  in  the  menstnuiin 
in  which  it  is  suspended.  Hydrocyanic  acid  will  separate  nitric 
acid  from  nitrate  of  silver,  owing  to  the  formation  of  the  insoluble 
cyanide  of  sil  ver ;  AgXO,  +  IlCy = UNO,  -f-  AgCy .  Tartaric  acid 
will  liberate  sulphiiric  acid  in  a  solution  of  sulphate  of  silver, 
owing  to  the  formation  of  an  insoluble  tartrate  of  silver.  Oxalic 
acid  win  precipitate  oxalate  of  copper  from  a  solution  of  chloride 
of  copper ;  and  Pelouze  has  observed  that,  if  a  current  of  carlwnic 
anhydride  be  transmitted  through  a  solution  of  acetate  of  potas- 
sium dissolved  in  alcohol,  acetic  acid  will  be  liberated,  and  car- 
bonate of  potassium,  which  is  insoluble  in  alcohol,  will  be  sepa- 
rated ;  but  no  such  change  occurs  in  its  aqueous  solution,  since 
carbonate  of  potassium  is  freely  soluble  in  water.  This  rule, 
however,  is  not  without  exception,  where  one  acid  is  very  power- 
ful and  the  other  is  very  feeble  ;  borate  of  calcium,  for  instance, 
is  an  insoluble  salt,  but  a  solution  of  Ijoracic  acid  will  not  occasion 
any  ])recipitate  if  mixed  with  one  of  nitrate  of  calcium ;  citrate 
and  tartrate  of  calcium  are  also  insoluble  compounds,  but  neither 
solution  of  citric  nor  of  tartaric  acid  occasions  a  precipitate  in  one 
of  nitrate  of  calcium. 

In  like  manner,  if  the  acid  originally  y)re3ent  be  insoluble  in 
water,  it  will  be  separated,  and  the  salt  will  be  decomposed  ;  thus, 
on  the  addition  of  nitric  acid  to  a  solution  of  timgstate  of  potas- 
sium, the  tungstic  acid  is  precii)itated,  whilst  nitrate  of  potassium 
is  retained  in  the  solution ;  K.WO, + 2  UNO, = 2  KNB,  -f  H  ,WO,. 
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(990)  Actwn  (f  B'tjtes  on  Snlts  in  Solui' 
(leconiposition  (Weill's  if  a  (iimtitity  of  s^omc 
Hfldeil  to  II  sftliue  t!4>lut.iou.     If  tlie  tw<»  1. . 
tiiilts  which  thoj  form  he  also  sohiMe,  tl, 
clear,  ami  it  raiiy  bo  saii|iO!J«."d  that  tlic  acid  ie  n 
luet^ds  of  the  two  bitssoii  in  proporrioii  to  it*  :. 
m  when  a  solution  of  niti*ute  of  barium  is  mi- 
ofcmistic  {wtash  :  a  mixtni-e  of  nitrite  of  baiiuni  .im  im-  .. 
[tota^siuni  with  hydrate  of  bitrytu  and  hydrntu  of  potjwih  ii» 
nbtained;  but  as  hydrate  of  Imrvta  is  lef^s  s(»lul>'      '        '      li 
iiotiush,  B  portion  of  hydrate  of  barvtn  will  be  _ 
if  the  hobitions.  be  in  a  uoiicontmtf<l  form.     It 
bo  Jiisoiiiljiu.  or  form  an  insolnbh.<  lialt  with  t! 
Beparation  of  the  base  or  of  the  acid  eontained  in  tht?  i>ri|nl 
may  be  effected.     For  example,  tlu*  sails  of  nearly  all  the 
with  the  exception  of  those  of  the  alkalios  and  of  t  iie  alknlinei 
are  derived  from  nietallie  oxides  whieh  an?  not  Soluble  iti  wal^ 
thp  addition  of  any  solnble  luuse.  swh  a.si)ota>ih.  wmIh,  orHiint 
to  their  solution??,  immcdiatuly  occiL-^ionr;.  tfie  pn  ■ 
BoliiMi' oxi<le.    It  i?i  in  this  manner  that  sm-h  "X 
prepared  from  tlieir  Kohitions;  for  example,  the  oxide  oi 
iron,  of  cobalt,  of  nickel,  of  nuuijranesi:',  or  of  sHmp    m-.r.  tl 
eoniplctcly  se|>Hrated  from  the  acid  by  whidi  it  v 
In  solution;  for  instance,  OortO,  Vi  lCHO=(  ".  *.,,  .^ 
S<jluti(»n  of  the  hydrate  either  of  barA-ta,  ()f  Htmntia.  or  t^ 
ftets  in  a  similar  manner,  if  the  acid  Ik?  one  wli    " 
or  the  hydi'ocliha-itr,  is  cai)aii!e  of  furni>ihing  a 
by  its  action  upon  those  biises.     A  solution  of  nlinit..-  of  i-^tpl 
mav  thus  Ite  tlocotnpoi?od  bv  a  eolution  of   hvdrate  of  barr 

eu'2  NO.  4-  BaO,ii,e= Ha  2"NO,-heue,ii,e.  ^ 

In  a  few  cases,  no  precipitatii>n  (mvui's  tjvini  tln" 
be  insoluble ;  when,  for  instanco,  cyanide  of  meivnr  s 
a  solution  of  hydrato  of  potash,  no  precipitate 
Blthinii;!!  oxide  of  mercury  is  insoluble  in  war»;r. 

If  the  newly  added  base  form  an  insoluble  <■ 
acid,  it  is  wholly  i<i"ee.ipitate<l  by  it;  and  if  i 
Boluide,  it  remains  m  the  li(piid.  ( >nu  of  the  mctlitMU  of  i.Hriit 
a  pure  solution  of  hydrate  of  potash  is  founded  on  tlji*  firiucitj 
in  this  experiment,  a  solution  of  i<ulphatu  of  potaaiiiuni  m  mil 
•with  a  quantity  of  Rolntion  of  hydrate  of  baryta  exactly 
cieiit  to  ]>recii)itate  tlie  whole  of  the  Kulpliurio  acid;  K  iiOJ 
«ae,ll,0-2KllH  +  «aS<>.;  and  in  a  similar 
potassium  Ib  dqirived  of  its  oxalic  lu-iil  by  lli- 
water  to  its  wilution,  owins:  to  the  f(»rmatit»n  oi  an 
oxalate  of  calcium.  If  the  bjwe  as  well  as  the  talt 
formed  !jy  the  addition  ^if  the  new  base  to  the  acid  l>o  ins 
it  16  possible  to  precipitate  the  whole  of  both  acid  and  bag 
the  li(pn<l  sinniltanpou^ly ;  as  when  a  solution  of  hvdrale  of  1 
is  iwlded  in  rei;iilated  tjinuitifics  t<'  -n  of  sulphate  of 

Ag,SO.  -f  Ha(>.il,0= A^',<->,n,0 

\yM>)  MiUwd  Action  of 'SuJU  s  a  rule  air 


.,1.  .). 


1' 


MITUAL   ACTION   OF   8ALT8   Df   SOLUTION. 


728 


t'xreptioii,*  that  when  solutions  of  two  Hnlln,  rajKible  of 

forniiu'j,  hi/  inutunl  inteivluimje  of  acid  rii<lti'lt>i  lunl  fiii»>/lM,  an 

^ii«oluhl<  or  Hjxiriutjhj  mluhb}  mult,  are  iiiixrd,,  tin:  aoU.',  vj 

ifh  ulhtf.  and  the  fonijjound  wfdch  i«  least  soluhle  Im  pf    ^  /. 

tt  is  in  tills  manner  that  tlie  greater  luuubei'  of  iIl^ului)le  com- 

joundii  are  t'oniicd  by  the  process  of  double  decoinpoifitinn.   Iodide 

>t'  silver  is  tlius  obttiiued  by  acting  upon  a  solution  ot'  nitrate  of 

"Iver  with  one  of  io<lide  of  pota&sium;    Aj^N(:>,4- KI  =  KN0, 

-  Atrl ;  and  in  a  similar  manner,  if  curbonute  of  manganese  or 

Pphu>[>li:Lte  of  c«>]>pur  be  required,  it  may  be  ]>roeured  by  mixing  a 

iBolutiou  of  clilorulti  of  inuniranese  or  of  sulphate  of  copper  with 

)ue  of  carbonate  uf  ])otassiuni  or  of  phos]>hate  of  sodium.     Some- 

les  u  soluble  compound  may  be  advantageoui^ly  procured  in  this 

lanner,  as  in  the  ordinary  method  of  preparing  acetate  of  alunii- 

inm,  in  ■which  a  Bulution  of  acetate  of  lead  is  mixed  with  one  of 

sulphate   of  aluminum:    sulphate   of  lead   is   ]>reci]>itated,    and 

icetate   uf    alunjinum    remains   dissolved;    3  (Pb  3  i:'jll,0,) -J- 

ci,  3  SO,  r=  :3  pbttio,  -I-  Ai,  0  e,iT,e,. 

When  two  saline  solutions  are  mixed,  which,  by  the  mutual 
iiteivhange  of  their  acid  radicles  and  basyls,  fonn  compounds 
freely  soluble,  there  is  in  ordinary  eases  no  proof  tliat  any 
change  occurs,  but  it  is  usually  supposed  that  a  uiixture  of  four 
iifferent  salts  is  produced.  ^Vhen.  for  instance,  solutions  of  sul- 
>hate  i>f  ]iotassinm  and  nitrate  of  Mnlium  are  mingled,  it  ia 
Iinagine<I  that  a  mixture  of  sulphate  of  ]>ota.<siHm  and  sulpliate  of 

lilium,  of  nitrate  of  p4itas!.inm  and  nitrate  lA'  Sddinm,  in  im- 
uiowu  propurfiun,  de|)endent  ujMin  the  balance  uf  the  mutual 
Ittraetion  of  the  acid  radicles  and  basyls,  is  the  result.     In  like 

lanner  the  mixture  of  three  salts,  each  containing  a  different  rad- 
icle and  a  <litferent  bswyl,  would  occasion  the  foi-nuition  of  nine 
Iifferent  salts;  ami  the  mixture  of  four  salts,  each  containing  dif- 
ferent acid  radicles  said  diUerent  basyls,  should  jin)duce  sixteen 
iifferent  salts,  provided  that  all  are  capable  of  coexisting  in  solu- 
ion. 

Hence  it  will  be  seen  that  it  is  impossible  to  state  with  eer- 

iuty  what  are  the  salts  which  are  j^iesent  in  mixture  in  any 

>lution  which  contains  a  number  of  saline  compounds.     In  the 
luilyfiis  of  a  mineral  water,  for  example,  it  is  [aissible  to  detei*- 

line  the  amuunt  of  each  acid  and  of  each  base  which  is  present, 
!;ut  it  is  not  possilile  to  say  what  the  salts  really  were  which  were 
[t)r«)Ught  into  sulutiou  to  form  the  mineral  water  in  (ple^tion.  Sul- 
)hurie  acid,  nitric  aci<l,  carl)onic  and  hydrocliicric  acids  may  have 
been  present  amongst  the  acid  constituents,  and  potash,  soda, 
^iuie,  and  magnesia  amongst  the  bases;  but  it  is  impossllde  to  say 
low  all  those  aciils  and  bases  are  distributed  in  the  solution.  Miiny 
hcmist;*  allot  the  basyls  to  the  acid  radicles  in  the  tirder  of  tlie 
jlubility  of  the  different  tialtd,  whilst  others  allot  the  etrougeet 


■jmuiiU.  ... 
■ "  '  with  it. 


'1  or  cyanide  of  mercury  ib  mixed  with  one  of  nitrnt*  of  sUver, 

■  is  prnduce'il,  although  ryatiiilo  ol"  silver  is  a  vnry  insoluble 

.ue  of  merioiry  has  uot  the  power  of  ibrmiug  a  soluble  double 
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bases  to  tlic  strontjest  aciiip.     In  reporting  tlu   '^    ■ ""    of 
hu\v<n'tir,  tlio  qui»i)tilies  of  the  eoparate  aii'  lUkii 

bhouM  invariiilily  Ix'  given  ;  in  addition  tu  wliicii,  tlie  un 
lie  iiloHtsf!*.  I'un  ulliit  tFi<^iii  according;  to  his  taticv.     Thi-  f<J 
ifniarks  may  bo  ilhi^tratt'd  by  the  i-iu^iuUft  allerual' 
•which  ditforeiict?s  ot"  Stjhihilily  at  ditl'ereut  tcMiiperai  . 
bring  rtl)ont:  a  strikinj;  instance  of  this  kind  occnre  in  th« 
amnctiive  ouutxaninu;  both  ^nlphato  nf  niagnes^iurii  and 
salt.     Thrt^e  >:alts  owwr  ntixwj  together  on  »  hirjKe  wial^ 
niothor-liijuor  of  sea-water,  atk-r  tlie  bay-jsaJt  lias  btH.-u  $4 
Four  salts  may  be  formed  by  the  intennixturt-  of  lht-i« 
pounds,  viz.,  sulphate  of  nm;^iieiiiuin,  solj>ii.it' 
of  niagiu'siuni,  and  chloride' of  sodium.     ()f  r: 
ride  of  btodium  is  the  least  i^olnble  at  the  boiUn«j-]tt»iiu ;  it,  || 
tlie  solution  be  concentrated  l»y  ebullition,  cliion<''- 
separated  in  crvtstak;  and  as  the  lic]tjid  cools,  the 
nciiinm  crys.talfize!*  out.     The  etl'ect,  however,  wiii  i»-  >iiru<1 
tJie  solution  be  allowed  to  evaporate  spontaneously  in  the 
air;  at  low  tfinperatures  the  sulphate  of  sodinm  h  the 
ubie  of  the  four  nalti-;  and  at  low  tomj>erarureg  it  if,  rlie 
of  sodium  which  separntcrf  in  crystals  from  the  lii|nid,  whiliif 
readily  soluble  chloride  of  maf^ncsium  rcniaiiiti  in  i^olutiou 
p.  35:)). 

Upon  ft  similar  principle  nitrate  of  (kwlium  ifi  cnnverterll 
largo  Bcale  into  nitrate  of  ]>otairiHium,  by  ini.vin^  it  willi  chJ^ 
of  pot)i.ssiuin  ;  on  concentrating  the  wilution  by  b'>'' 
of  soiliuiii  ifi  scoaratcil  in  crystals,  and  nitrite  of  u 

tailizes  out  as^  the  liquid  cool^ :  at  low  t 
sodium  isi  more  soluble  than  nitrate  of  |'  ,  \\ 

crystrdlize.-;  out  nearly  in  a  state  of  purity. 

It  may,  in  fattt,  be  stated  an  a  general  principle,  tltn 
ceiitratini;  a  mixed  solution  by  evaiMiratiou,  the  salt  whit 
isoluble  at  the  particidar  tempuniture  employed  ia  that 
tiivst  ftiniu'd. 

Ill  certain  cases  where  there  ie  no  ;,'reat  difTeri  - 
bility  of  two  -•.alls,  evideiiee  i*  yet  atfonied  oi'tlicii 
position  when  tiie  solutions  are  mixed,  by  the  chaii^i 
which  then  ensues.     Sidphocyaiiide  of  ]>otii»>iuui,  for 
when  mixed  with  a  solution  of  perchloride  of   inm,  %a 
diluted  as  to  be  colourletw,  itidicati-s  by  the  bliKKl-ruil 
which   it  toi'ins,  that  a  mutual  interchange  of  the  eoiiip 
the  two  salts  has  been  partially  etfected.     In  a  ni: 
similar,  when  a  solution  of  green  i«iili>hate  of  in'! 
one  of  acetate  of  Rodlum,  on  transmitting  a  (  ll 

ted  hydrtfgcn  through  the  licjuid,  the  iron  i-  ,  .^, 

form  of  a  black  sulphide.      This  reaction  could  onlv  tuke 
owing  to  the  presence  of  forr«)us  acetate,  sinee  a  -.ho:,.^^ 
rons  acetate  admits  of  being  thus  decoinj>osed   1 
hj'drogen,  but  one  of  ferrous  sulphate'  is  not  ^  1. 

entire  quantity  of  iron  may  be  separated  in  .  fij 

Aouuer  v**  wrUin  proportiou  of  the  iron  rendvJcU  JUauluUie^j 
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fresh  portion  frf  iien-n us  acetate  is  fmiued;  and  tins  t'oniiation 
id  dt*einiiiit»sition  of  tiw  aalt  continues  60  long  fts  any  iron  re- 
ains  ill  !i  stat*?  of  solntion. 
(1001)  liijinntce  nf  Muhh  In  the  Fnniintion  of  Chemirnl  Cmn- 
tummh. — A  furious  question  probents  itst-if  us  to  tlic  pruyMirtiiin 
in.  which  two  htwlifs  are  capable  of  thus  muttiallv  dt'c-i>nipi«iing 
jftcli  other  on  mixture.  Wlit-n,  for  exantj)h',  three  cfitferent  ho«lied, 
%,^  B,  and  c,  are  mixed  to<;;ftlier,  one  of  which,  c,  is  capnhlc  of 
[ronihinini;  with  either  of  tlie  otlier  two,  and  fimninij  witli  them 
;oinponnds,  a  o,  b  c,  wliieli  in  hotli  eases  are  soluble,  the  quantity 
>f  A  and  of  B  bein^  consiilerably  in  exeG!*s  of  c, — will  the  propor- 
10U  in  which  c  enters,  into  coiuhinatiou  with  a  and  u,  lie  deter- 
iiine<i  loerely  by  the  strength  of  their  relative  chemical  attraction  f 
>r  will  the  pruportit)n  in  which  each  of  these  bodies  is  prei*ent  ako 
nrtnence  the  result  <  It  was  argueii  by  Berthollet,  that  not  only 
K'ould  i;  he  divided  between  a  and  b,  but  tliat  in  proportion  as 
tlie  quantity  of  one  of  these  bodies,  a,  ])reponderated  over  the  other 
bodv,  B.  the  proportiim  of  a  c  in  the  nn'xture  would  be  increased, 
vliile.  of  course,  that  of  b  c  would  be  diniini»hed.  If,  on  the 
»ther  hand,  the  proportion  of  u  were  increiwed,  the  quiuitity  of 
he  eomiioiind  a  u  Avould  be  augmented,  whilst  that  of  a  c  would 
be  proport ionalely  lessened,  the  body  c  ilividing  it^self  between  a 
tMl  i».  in  a  proportion  representetl  by  the  product  of  its  chemical 
_  ttraction  tor  each  of  these  elements  multiplied  into  their  mas*«. 
!rhnb  if  «  repi'oseut  the  muss  of  a.  let  a'  represent  its  chemical 
ittraction  for  c;  if  /3  be  the  mass  of  b,  and  y  its  chemical  attrac- 
ion  for  <; ;  then  aa? :  /37/  :  :  a  c  :  b  c.  Suppose,  for  example,  a  so 
lution  of  nitrate  of  {M^tassium  to  be  mixed  with  more  than  ita 
Equivalent  of  sulphuric  acid  :  it  is  generally  conceded  that  the  po- 
assium  divides  itself  between  the  two  aeitls,  formini;  a  mixtm-e 
uf  sulphate  and  nitrate  of  potassium,  with  free  suljdiuric  and 
litrie  acids,  Xow  if  the  ijuaiitity  of  snljihuric  acid  be  inerejised, 
tvill  the  quantity  of  suljjhate  of  potassium  which  is  thus  formed 
be  inHuenced  by  the  amount  ot  sulphuric  acid  which  is  thus 
luhied  in  excess  {  and  if  so,  to  what  extent  will  this  infinence  of 
the  iHOiiH  of  the  acid  modify  the  simple  eflect  of  chemical  at- 
IrHCtiou. 

L't  U8  iiBagine,  for  example,  that  a*,  the  attraction  of  sulphuric 
id  rmlicle  for  potassium,  =  5,  whilst ;»/,  that  of  nitric  acid  radicle 
fc»r  ]iotassium,=4.  When  an  equivalent  of  sulphuric  acid  is  pre- 
sented to  im  equivalent  of  nitrate  of  potassium,  the  mass  a  of 
iilphurie  aeid  =  l  ;  that  of  tiie  nitric  acid  /3  =  1  also.  Thert  «.r: 
^y  as  r»  ;  4,  The  nitrate  will  be  jmrtially  <leconqiosed  ;  \  of  the 
)<it;ts-iiun  will  enter  in1.<»  combination  with  the  sulphuric  acid 
•adidc,  whilst  \  will  be  united  with  the  nitric,  and  we  shall  have 
h  the  .solution  I  (lv,Se,),  H  (-1  KNe,),  ^  (II,Se,)  and  \  (2  UNe,). 
nt  Bnp]x»se,  infttea<l  of  adding  1  e^piivalent  of  sidjihurie  acid,  2 
equivuleuts  be  employed,  whilst  the  i>roport.ion  of  the  nitrate 
r»inains  unaltered  ;  the  mass  a  of  the  sulphuric  acid  i?  now  2,  and 
;  ^s  :i«!  lu  :  4.  The  proportion  of  nitrate  of  potat-sium  will  be 
liiniiushed,  and  there  will  be  fj-  (K,tst>J,  ^^  (2  KXe),  1/^ 
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(H,Se,),  and  \  J  (2  ITXOO  ;  an<l  if  3  eciuivalwits  ft 
bo  eiiiitltn-fil  U>  1  of  nitrate  of  noliiSsiuiu,  since 
bulpliiiriy  acid  i&  now=3;   dX ',  f^]f  as  15  :  4  : 
priiportii»ii!>  lit'  the  iiitrit?<lieiit6  would  bi?  W  (K  - 
2^  (11, SO  J,  and  fl  (2  UNO.) ;  the  proiK.rr 
pota»;>iiiiu  contiiuiing  to  increase,  thougli  in  a  <i       .  ^ 
every  addition  of  free  sulphnric  a^iid  to  the  solntioti. 

(10O2)  irhuhUme'a  Ki'jKriin<>ntit  on  Mas*. — No  e: 
Bolution  of  tliib  problem  was  givim  by  Bertliollet,  and  thi» 
fell  into  abeyance  ;  but  within  tlic  la:^t  few  year*  >. 
have    been    made   with   eonsiilerable   6ucce&6    to    •  ic 

question  (juuntitatively.      Uladjtone  (/*/»//.  T 
lias  published  a  series  of  experimenti*  in  whiob  i 
the  change  of  colour  whicli  oolutions  of  certain  ealla  mi 
mixture  witli  eiu;h  other  as  a  means  of  ascertain inj;  tlie  v. 
wliieh  tliis  mutual  deOoin]>oi&ition  proceeds  when  all  tli«' 
reuiiiin  in  golution.     Tlie  principle  of  hitj  experiment^i  will 
understood.     Solutions  ot  several  ferric  salts,  sueh  «j^  tb»? 
6iilphat<\  nitrate,  chloride,  aoutate,  citrate,  <fcc.,  w<  i 
auch  a  manner  that  each  r^hould  contain  the  lyitno  pi  ■ 
dissolved  in  the  same  bulk  of  water  (each  of  the  soln 
oontained  a  quantity  of  iron  correspoudinu;  very  nt-  . 
of  Beequioxide  of  iron  in  lOoO  grain  nicjvsunMJ  of  water).     A  «oti 
of  pure  sulphocvauide  of  pot>i8»iuMi  was  then  prepanMl  of 
strength  tliat  wfieu  1  measure  of  this  aidution  and  4  of  that  i»fj 
iron  salts  were  mingled,  the  proportion  i»f  eidp' 
be  exactly  sufficient  to  convert  the  whole  «if  il 
cyanide,  if  conipleto  nmtual  decoinporiition  > 
proportions  of  the  two  Baits  employed  were  sin 
po*>ilile  for  exact  mutual  interchango  to  occur  tu>  repret 
the  following  equation  :  Fe,ti  KB,h-«j  KScy=:FG^Sf.y.-+-li" 
Ou  making  the  e\|ieriineut  in  this  manner,  it  wom  found  tliatl 
iron  was  m!Vor  wholly  converted  itito'  the  rwl  wait,   ft»r 
Wiu  deepened  by  the  addition  of  more  either  of  the  inin 
the  sul[mocyiiMide.     In  order  to  obtain  a  ipiantitativo  otii 
the  amount  of  these  etfect-s  <letinite  uuMuinres  of  the  n>«1titii 
ric  nitrate  and  of  sulphocyanide  of  potas'^iuni  were  i 
and  tlie  lii[uid  so  idttaineu  was  diluted  with  water  n 
a  known,  but  orbitnuy  volume.    This  diluted  mixt 
liquid  of  a  certain  depth  of  colour  which  wa**  emplovi 
of  comparison.     Another  measure  of  tlie  solutmn  '■ 
eiiual  to  that  used  in  the  standard  solution.  M 
Additions  of  the  sulphocvauido  of  ncitjis^sii. 
obtiiined  wai*  dilute<I  witli  measured  quiinlilien  of  ^ 
addition  of  tiulphucynnide,  until,  as  far  ha  the  eye  coi. 
this  solution  had  the  same  depth  of  tint  as  that  rmpioyii) 
BtJindard;  it  was  then  assumi'd  tJiat  the  quantity  of  tulpht 
of  iron  formed  was  proportionate  to  the  bulk  of  the  two  *oli 
Sup{>ose  that  the  standard  solution  occupied  a  \    '  'Si 

*  Olftdstono  foiind  that  simple  diVni'in  .<"  0,f  suluhooy,. 
t^l  \u  &  pTopottaoa  grantor  Uuu  wui  -r  hy  iiitrv> 
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it  was  found  that  if  twice  the  qnantity  of  the  siilphocja- 
nide  of  |xitass>inm  t*iii)»lovL'rl  in  the  stfiiidanl  li(H]i<]  were  Tiuide  use 

lof  in  the  new  sohition,  this  mixture  woiihl  retiuire  dilution  till  it 
•uple<l  1270  measures.  The  proportion  ot  enlphoryaiiido  of 
Ton  fomiod  in  these  two  cases  was  aivsunied  to  be  as  SHlt  to  127^*, 
as  I  to  1-44.  The  excess  of  siilphoeyanide  thus  employed  had 
llien'fure  withdrawn  an  «(Mitional  (jnautity  of  iron  from  its  com- 
binatioii  with  the  nitric  add. 

In  this  manner  experiments  were  made  witli  quantities  of 
tlie  sulphocyaiiide  of  potassium,  progressively  increasiiio;  from 
one-tifth  of  an  equivalent  of  the  sulphocyanide  to  each  equivalent 
of  nitrate  of  iron,  up  to  375  equivalents  of  sulphoevanide  to  1 
Otjuivideut  of  nitrate  of  iron,  and  it  was  found  that  tlie  quantity 
ot  sulphficvjuiiile  of  iron  which  was  formed,  continued  to  incroaso 
with  every  addition  of  Bulphocyanide  of  potassium,  though  the 
ed'ei^t  of  each  consecutive  addition  became  less  and  less  marked. 
It  was  ascertained,  as  indeed  it  was  to  be  exi)ecte.d,  tliat  the 
proporfioUR  of  Bulphocyanide  of  iron  which  are  formed  by  the 
mixture  of  equivalent  quantities  of  other  salts  of  iron  with  given 
amounts  of  the  sulphoeyainde  of  potassium,  vary  with  the  natu^^ 
of  the  acid  raxlicle  contained  in  the  ferric  salt.  For  example,  it 
wns  found  that  when  nitrate  of  iron  Avas  mixed  with  Bulphocyanide 
of  potiiSi^iuin,  in  the  proportion  of  equivalent  quantities  ot  each, 
that  (••ISH  of  an  equivalent  of  the  red  salt  was  fomied.  When 
ftn  eonivalent  of  ferric  chloride  was  used,  0-173  of  an  equivalent 
■was  i<jrmed ;  w'hen  the  sulphate  was  employed,  0'12f>  of  an  equi- 
valent was  produced  ;  with  ferric  acetate  0"04r  only  was  formed  ; 
antl  wlu'u  citrate  of  iron  was  employed,  tlie  quantity  of  sulpho- 
cyauide  of  iron  which  it  yielded  was  ton  small  to  admit  of  being 
estimated.  The  iron  therefore  retained  the  radicles  of  these 
ditl'ereiit  acids  with  degrees  of  force  which  vary  inversely  with 
the  quantity  of  siilphocyanide  which  is  fonned,  whilst  the  ]iotas- 

leium  in  the  snlpliocyfinide  attracted  them  with  a  power  in  direct 

j  proportion  to  these  ijuantities.    Various  attemjits  have  lieen  made 
to  obtain  relative  nmnerical  expressions  for  the  force  of  chemical 

[attraction  by  which  ditferent  compounds  are  united,  but  they  have 
nil  hitherto  failed.    Experiments  conchicted  iiji(>n  the  priiu'ipleof 

.  tliOhP  of  (Gladstone  a]>pear  to  i>ffer  the  fairest  [irospect  of  solving 

|tbi-  tin;;  and  importaut  problem. 

1 1  le  sulpho(ryanIde  of  iron,  Gladstone  examined  a  variety 

t  of  otlier  coloured  compounds  ;  one  of  these  was  the  scarlet  bromide 
of  gold,  which  becomes  yellow  when  mixed  with  the  chlorides  of 

>poiit*sium  and  soditim,  to  an  extent  varyitig  with  the  proportitin 

I  m  which  these  salts  are  added ;  the  sulphate  of  quinia,  when  mixed 
with  a  solulile  chloride,  bromide,  or  iodide,  tiho  attbrded  similar 

'it4di<'utIo!w,  as  it  loses  \Xs,  flu-orr^ivid  character  (110)  in  proportion 

^^J  x\\i-  qufintity  of  chloride  or  bromide  with  which  it  is  mixed. 
Fi'  an<l  from  a  variety  of  other  experiments  it  aj)pear8 

itJi;i'  two  or  more  compounds  in  solution  are  made  to  act 

laoiirc*  of  error  was  eliminated,  and  was  not  found  to  present  Itself  £n  other  caaei 
I  vWch  be  funplojed  to  leal  the  accuracy  of  the  general  coaciunoii. 
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opim  each  otiier.  ]>roTi«W  tUut  the  proHucI*  whU^h  tbt«Ti 

tliLMf  iimtiml  Jielion  are  ; 

be  (IrHvvn: — 1.  That  in u 

are  mixed  takes  place  iu  <leteriiiiriat«.'  pnnKtrtiuns.     2.  11 

proportions  are  independent  of  tlie  utaniier  In  mIiI-^.  t1 

ponuds  were  originally  combined:  thoa,  if  fv 

and  ferric  nitrate  lie  mixed  in  equivalei-r 

the  same  as  ii"  nitrate  of  potassium  and  ;  jd 

employed  in  ecjuivalent  qiiantitleo.      "  '  t| 

in  tue«e  in<juirieg  ;  but  if  Struve'?  ob-.  (J 

EU-m.  Chrin.  2tid  Ed.  p,  2ii*2)  he  cornxtt — viz.,  that  iti 

ration  of  miuend  waters,  the  taste  of  the  liquitl  %  uri<^ 

according  to  the  nature  of  the  saltsi,  but  auo  ; 

order  in  which  tliey  nre  atlded — it  cantnit  !>•-  ■• 

That  these  proportiims  are  dejwndent  partly 

ti»e  mutual  attractions  of  the  conip 

partly  also  ui^jn  the  wuw*,  or  rehitivc 

vviiifh  is  prenent  in  the  niisture.    4.  Thui 

of  any  one  of  these  ctmipoumls  alterfi  thf 

QpmjKjuntlft  which  co-exist  iu  the  mixture,  in  a  t> 

f,\\f.  nifio;  ajid  these  qnanlities  admit  of  lM*iu^  ..,.,,.-» 

regular  curves.      In  most  car<Q8  thiB  adjuetiuunt  n(  thoj, 

quantities  of  the  different  bodies  tuke«  placo  imnivdiatelj ' 

tuixtnre  is  made. 

(l<'«i;{)  t^jHTimt^nts  of  Bun«im  and  of  /' 
are  dllicrent  if  the  products  of  the  cheuiicm 
once  reiiiKved  froin  the  sphere  of  action, — fu*  i»y  liic  ti 
of  gascouft  compounds,  or  of  an  insoluble  precijutate  wl  . 
liquids  are  mixed.  ]iuu6en  \n\A  investigatcu  the  ruisults  «d>t 
iu  Koiue  cast;?  of  gacteous  combination.  Ue  found  that 
mixture  of  liydi'ogen  and  carbonic  oxide  was  detoi 
oxygen  in  quantity  insufficient  for  ita  c-omplete  1 
cxygeu  dividol  itself  l>etween  the  two  ga»ep  in 
that  the  quantities  of  water  and  of  carlwnic  : 
were  in  very  sinnile  atomic  relations  to  each  ot  1 
Ixxxv.  137).  He  expkalod  together  mixtureft  of  oxygei  , 
gen,  and  cai'bonic  oxide,  in  varying  proportionH,  tije  hj 
and  carbonic  oxide  being  each  m  con»idcrHblu  cxcams  orer 
oxygen  ;  under  such  circumstaniH.-*  water  and  car!  i 
were  formed  ;  but  the  quantity  of  carlHiuic  Midivilr 
in  pri>]Mirtii>n  as  the  carbonic  oxide  pn  ; 
a  certain  hiw.  Similar  result**  wei^  <• 
cyanogen  with  a  quantity  tif  oxygen  iniiuihcient  for  iti*  *i\\m\ 
combustion;  in  such  case  nitrogen  and  a  inlxfur..  ..r 
anhydride  and  carbonic  oxide  in  simple  projH«i : 
and  when  a  mixture  of  carbonic  aidiydride  :iilm  jis.ir. 
detonated  with  a  quantity  of  oxygen  insuflicienl  for  the  « 
tion  of  the  hydrogen,  a  certain  proptirtiou  of  tlie 
dride  wsw  re<luced  to  carlionic  oxide^  aci'ortling  i 
tht  &iu\w  V.\v! . 
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nents : — 1.  When  two  gaseous  bodies,  a,  b,  are  mixed  with  a 
liird  body,  c,  and  fired  Uv  means  of  the  electric  spark,  the  body 
)  takes  from  a  and  b  quantities  which  always  stand  to  one  another 
n  a  simple  atomic  relation  :  so  that  for  1  atom  of  a  c,  1,  2,  3  or 
Utoms  of  B  c  are  produced ;  Ibr  2  atoms  of  a  c,  3,  or  5,  or  7  atoms 
if  B  c  are  formed.  If  1  atom  of  the  compound  a  c,  and  one  of 
I  o  be  formed  in  this  manner,  the  mass  of  a  may  be  increased  in 
lie  presence  of  b,  up  to  a  certain  point,  without  any  change  in 
lat  atomic  proportion  ;  but  if  a  certain  limit  be  passed,  the  rela- 
on  of  atoms,  instead  of  being  as  1 : 1,  suddenly  becomes  as  1 :  2, 
r  as  2:3;  and  so  on. 

2.  When  a  body,  a,  acting  upon  an  excess  of  any  compound, 
c,  reduces  it,  so  that  a  c  is  formed,  and  b  is  set  at  liberty ;  then — 
'  B  in  its  turn  can  reduce  the  newly-fonned  compound,  a  o — 
le  final  result  is,  that  the  reduced  part  of  a  c  is  in  simple  atomic 
ropoi-tion  to  the  unreduced  part.  In  the  case  of  these  reductions 
Iso,  the  mass  of  one  of  the  ingredients  of  the  mixture  may  be  in- 
reased  up  to  a  certain  point  without  altering  the  relative  pro- 
ortions  of  the  compounds  obtained ;  but  if  increased  beyond  this 
mit,  a  sudden  alteration  in  the  relative  proportions  of  the  pro- 
acts  occurs ;  but  these  proportions  still  admit  of  being  represented 
<j-  simple  ratios.  This  second  portion  of  the  law  needs  conlir- 
aation  by  more  extended  experiments. 

The  following  experiments  illustrate  the  first  part  of  the  fore- 
;oing  law  : — On  exploding  mixtures  of  carbonic  oxide  and  hydro- 
;en  with  oxygen,  in  the  following  proportions,  Bunsen  tbund'  that 
ihe  quantities  of  carbonic  oxide  and  hydrogen  which  were  oxi- 
iized  were  in  the  proportions  stated  below : — 

HlxtDK  dotontted.  Katlo  of  Oun  bnTiicd. 

Oxygen.  Bydrogen  Ovb.  Oxide.  Hydrogon.    Curb.  Oxide, 

*  i 

1 10 20 79-4 1  :  2 

U 10 20 44-4 2  :  2 

ni 10 20 121 6  :  2 

rV 10 37 31-5 8  :  2 

These  experiments  show  that,  as  the  proportion  of  carbonic 
xide  to  the  nydrogen  in  the  mixture  decreased,  the  proportion 
(xidized  on  detonation  decreased  also,  but  it  decreased  per  saUum, 
lot  gradually,  and  these  proportions  were  found  to  be  imiformly 
he  same  on  repeating  the  detonation  with  the  same  mixture, 
ilthough  the  degree  of  compression  to  which  the  mixture  was 
rdbjected  during  the  detonation  was  considerably  varied  in  difFcr- 
snt  experiments.  •  • 

The  following  areBnnsen's  principal  experiments  in  support  of 
Ihe  second  part  of  the  foregoing  law : — ^When  carbonic  anhydride 
b  driven  over  ignited  charcoal,  it  is  wholly  converted  into  car- 
Ixmie  oxide :  but  when  steam  is  transmitted  over  ignited  charcoal, 
•  mixture  of  hydrogen,  carbonic  oxide,  and  carbonic  anhydride  is 
poduced,  in  the  proportion  of  4  vohimes  of  hydrogen,  2  of  car- 
wmic  oxide,  and  1  volume  of  carbonic  anhydride.  Again,  when 
ft  nuztnre  of  cyanogen  with  atmospheric  air  and  oxygen  was  de- 


rso 
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tonated  in  tlie  eudiometer  in  the  proportion  of  <f*2  of  cya 
10  ofoxyi^n,*  tht»  cvRnojren  ridden  3  vcilnnies  of  nitrcjE^ 
CarlHiuic  oxide, and  4  ot'i'iirlxttiic  uiilivdrid*':  itml  wlii*n  ai 
of  +*0T  "I"  carbonic  anhydride,  33'25  • 
O-Vii'ireu  WU3  detonated,  a  jxjrtiou  of  tho  cui 
oxygen  totlie  hydrogen,  and  was  re<hir-od  to  tin.- 
oxide;  Svolunu-sol  curhonic oxide  hein^  formed, 
volomeg  of  cArbonic  anhydride  remained  unacted  ajMin^oltl 
a  larajo  excei**  of  hydragt^n  whs  present. 

t)el)ns  arrived  at  snlistantiftUy  the  same  nsnlLg  with 
tates  jis  those  indicated  bv  JJunsen  for  jrni^eons  mi- 
cipitated  a  mixture  of  htne  and  bar>ta  wiit^r.  t 
tions  of  a  sohirion  of  cnrbunic  acid  ;  and  i  i 

ejtcess  of  a  dihite  tudiition  of  the  mixed 
of  barinm  to  which  a  dilute  solution  of  curbonato  of  eodk 
added,  led  to  a  similar  result. 

In  the  exi>eriments  of  Bunsen,  it  mnst  ho  recollected 
tirst  proiiucle  of  the  cheniiwd  combination  arc  ' 
moved  from  the  sphere  of  action:  carbon i^  iml 
bonic  oxide,  and  wafer  will  not  mntuall;  ii 

and  in  the  experin\ent«  of  Debus,  the  car  ii 

the  earths  are  insoluble — they  ai-e  theretore  at  once  wit 
fVoin  further  action  upon  the  mixture. 

(1004)  Adh^itHm. — The  influence  of  ad!ic»iun  in  aiding] 
mical  action  is  often  exerted  by  overconiinf;  the  opposite  ' 
ehuiiicity  :   this  is  exemplified  by  the  manner  fii    wbi*' 
frequently  favours  the  mutual  action  of  dry  g  > 
For  exam]>lc,  sulphurous  anhydride  ami  m\\  , 
may  be  mixed  when  dry  without  actin<;j  upon  each  otht 
water  be  pn>sent,  the  mutual  decomposition  of  the  twogn 
result.     In  like  manner,  when  dry  gaswus  eiilplkiirous 
and  dry  peroxide  of  nitrof?cn  are  mixe<1  tojrether,  no  c«.mi 
take.-  place  between  them  ;  the  adtlition  of  a  few  drop* 
however,  eauises  them  immediately  to  '■      ' 
white  crvstnlllne  eonipound  which  has  b. 
ing  of  tiio  m:uiiifactnre  of  sulphuric  acid  (4l:i,  ; 
If  the  ehu^ticity  of  these  gases  be  overcome  by  i 
for  instance,  they  lie  liquened  by  cxpwinj;  them  to  m  Xawi 
atnre — eoial»inatitiu  occurs  without  the  intervention  of 

Water,  by  overcoming  the  self-repulsion  of  the  irn 
their  chemical  action  upon  solid  botlie*.     ^^  '       '  '  .i| 

ammonia,  in  their  jjiv^eous  funn,  generally  l| 

little  influence  upon  thf  metals  or  upon  their 
in  Solution  their  action  upon  them  is  nipi<l  hd 

<S''i/yJrfV  A'4ionM. — The  adhesion  of  gaeee  tu  fiotiila  pnx 
many  curious  phenomena: — for  example,  let  a  j>ic<r(>  of 
be  thoroughly  saturated  with  hydrogen  by  attaching  it 

•  Cyanogen  requires  for  tho  completo  OtanbiiMtion  of  iU  w 
ofoTwi/'.M,  ^, ,  ii,..r  r,'->oi'cviinog«i>  woulil  liiiv»  re<iuinwl  WA  ln»i' 
\V  UK  cit.^p;a  Khan  vroulii  lulliceror  Uiu  OPUTvrfioa  of, 
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npgative  wire  of  the  voltaic  batteiT,  and  eiupluying  it  as  the 
.t)lutiiio(]e  ill  tlie  tlccomposition  ol'aciihihiteil  water:  this chai'coul, 
if  now  detached  from  the  batterv  and  thnmn  iiitu  a  suhition  of 
sulphate  of  copj)er,  or  of  nitrate  <>f  eilver,  will  effect  the  decompo- 
fiitiiiii  of  these,  salts,  and  tlieir  respective  metals  will  be  thrown 
down  \\]Kin  tiie  eharcoal  in  the  reduced  state ;  the  charcoal  and 
con<lensed  h}dro";eu  appearing  to  act  the  part  of  a  vtiltaic  circuit, 
in  whifli  the  hydrogen  5U]>plie3  the  place  of  the  electro-positix'e 
or  oxidizable  metal,  and  the  charcoal  that  of  the  eleetri>negative 
luetal  or  conducting  ptlate.  If  a  plate  of  platinum,  rendered 
cheniically  clean,*  l>e  introduced  into  a  mixture  of  ptire  oxygen 
and  hydrogen,  in  the  pro]>ortions  to  form  water,  the  ga^es  become 
Condensed  upon  the  surface  of  the  j)late,  and  being  brought  witli- 
in  the  sphere  of  each  other's  attraction,  begin  to  iinite  ;  at  first 
slowly,  but  during  the  act  of  combination  heat  is  extricated,  and 
the  action  proceeds  more  quickly,  until  at  last  theplate  becomes 
red  hut,  and  an  explosion  of  the  gas  ensues  (Faraday,  PAU. 
Trans.,  1831,  p.  55),  By  emjdoying  the  metal  ui  a  disintegrated 
or  spongy  fonn,  the  surface  exposed  is  greater,  and  the  action 
niDeh  more  rapid  :  the  metal  conducts  away  but  little  of  the  heat 
•which  if!  generated,  and  soon  becomes  red  hot;  whilst  in  the  coii- 
diiiou  of  platinum  black  (96S)  this  activity  attains  its  maximum. 
On  thro^v^nfi;  a  little  of  this  black  powder  into  a  mixture  of  oxy- 
gen and  hydrogen  it  immediately  becomes  yicandesoent,  and  the 
gases  combine  with  a  loud  report.  Platinum  may  be  obtained  in 
a  convenient  state  of  fine  sulxlivision  for  experiments  of  this- 
nature,  by  moistening  asl>e?tos  with  a  sijlution  of  perehloride  of 
idutintnn  and  exposing  it  to  a  red  heat;  the  chlorine  is  exi>elled. 
And  a  tilni  of  minutely  divided  platinum  is  left  upon  the  surface 
of  each  libre  of  asbestos. 

From  its  inalterability  by  ordinary  chemical  agents,  platinum 
in  this  finely  divided  form  has  been  used  to  effect  various  com- 
binations which  cannot  otherwise  readily  be  procured  between 
TSjwrized  and  gaseous  bodies  : — For  instance,  if  ammonia  be 
xnLxed  with  atmospheric  air,  and  transmitted  over  spongy  ])lati- 
mnn  gently  heated,  its  nitrogen  l>ecome8  converted  into  nitric 
ftcid,  and  its  hydrogen  into  water;  H,N-+-2  0,=HNO,-f  H,0 : 
but  this  tran.iformation  cannot  be  effected  by  heat,  unless  some 
substance  analogous  to  spongy  platinum  l>e  used,  since  nitric  acid 
is  decomposed  at  a  temperature  which,  under  ordinary  circum- 
stances,  is  required  to  effect  the  combustion  of  ammouia.  On  the 
other  hand,  ammonia  may  be  formed  from  the  oxides  of  nitrogen,. 
hv  mixing  them  with  hydrogen  and  transmitting  the  gases  over  pla- 
tTnnm  sponge  gently  heated;  2  XO  +  o  11,=2  lL,N-f2  ]J,0. 
^itnife  of  anunt)nium,  when  heated  with  pfatinirin  black,  yields 
nitric  acid,  nitrogen,  and  water,  instead  of  nitrous  o.xide;    for 

in»^  lie  cCTected  by  holding  tho  plate  over  the  flame  of  a  spirit-lump  and 
.^  It,  when  hot,  wth  a  stick  of  cnuatie  iwtaab;  the  potash  ia  to  bo  maintained 
I  atnte  u}X)d  its  surface  for  a  secoud  or  two ;  the  alkali  is  then  to  hv  washed 
etoJy  in  distilled  water,  nndtho  plate  is  to  be  immorsed  for  a  minute  iu  hot 
llriol ;  after  which  it  \e  to  be  freed  from  adhering  acid  by  imniersion  for  u 
i^anrtcr  of  lui  hour  io  a  lorgv  bulk  of  didiiiled  water. 
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itir»nf.5  :  -2  11X0,-1-4  X,-f  1>  H.O.    A  variety 

"flmrtii^  -  may  l>e  fff"wlf<l.     Acconlinff  •«>  I>olii    . 

^vlM  ftnt  j^vinie*!  nut  the  reiniirkalile  powtT  which  fiiirlTdh 
|^iBiuuprtjse^>te»iifeffectin<f  cuu>1>iiiwtit>u:tof  thi?^  I<-"'^ 
«f  crmBoscn  and  hydrogen  vrlien  in  contact  with  *i  l| 

»]iati»ny  converted  Ity  the  aid  of*  a  gentlo  heat 
•■■mliiani.     In  »  mixture  of  nitric  oxide  snd  • 
Ikmnto  »'t" ammonium  isprcKluced;  and  in  a  vi'< 
«l  •loiin'I  Hnd  nitric  oxide, — cvanide  and  carlo 
tlduBt  gas,  water,  and  a  dejufc^it  of  carl)ou  art;  fomieti.     Ifi 
aflUMT.  MilphuroUb   anhydride  may  be  rapidly  c<»<M'rti 
iwipliBric  wctd,  if  it  be  driven,  in  a  moist  state,  n]i> 
^bnneli  tnliee  containing  spongy  platinum  :  this  m^-i  im 
•ftefosed  ms  a  manufacturing  process  for  obtainin;'  oil  i»f  vii 
VtA  it  WM  ftbundonefl  in  conf<e(jnence  of  a  gradual  alter 
Ike  platmum,  bv  which  it  is  deprived  of  tliis  jxiwer  of 
oiVMBation.     1  latinuin  black  ]>rodnccB  with  tne  va[H)Ur«  of  af 
hti  m  enotiict  with  atniop^pheric  air,  a  iseries  of  coni[>t)un«ia; 
4f«  dully  coQverted  into  acetic  acid  and  water  : — 

AlMliol.  Amic  kcld. 

eji.e  4-  e.= e^ii^e, + H.e. 

r.-r-  tV*  jttcccfis  of  these  experiments,  it  is  neoessary  that 
«i  10  platinuui  V»e  chemicalW  clean,  otherwise  tlii«  a 

fiut%ii  '  .   i^'Hses  (loes*  not  take  place.     Fai     ' 

(fe***  1.  V  owing  to  the  adhesion  of  the  l 

which  the  jiurliclos  of  one  pit,  hi. 
t  with  those  of  the  other,     lie  ol»-(  n 

•  Kill!  (luuntities  of  curlKinie  oxide,  or  of  the  Tft|: 

HI  varUon.orof  oletiant  gas,*  prevcnti.«d  thepL 

fr  he  condiinatioD  of  the  oxygen  and  liydnij 

the  metal  of  its  actintv,  a«  was  -< 
i:,'ing  it  into  a  mixture  ot  pure  ox\ - 

'  hand,  the  addition  of  Bidphuretted  m 
II    to  an   explosive  mixture   of  oxygn 
piwoiited   the  coiuhination  from   Ih-ii 
:    iiiiii,  but  it  etl'ected  t^uch  an  alteration 
-  metal   that  when  il  was  phiiiged  into  a 
!  ■vv/cTi  and  hydrogen,  no  combination  of 
r.  (chloric  acid    alsio   rapidly   deotrfi^'B 
.>!    tiiiely   divided   platiiiuin  :  fj 

ventive  action  of  thi>?  ga>s  doi 
.Iroehlorie  aciil  1" 
Lter  irt  funned,  w 
'•y  converting  the  phitinum  6U}>erfieIii 
lA  power;  its  activity,  however,  c«n| 

•  wse   of  m(+>on!c  otiflf  a    cmfltinj   otld 


c«*  i<  i-i>iirti_v  i>ii.iJH4-ii  uic  iiviin't;i.ii   t> 
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restored  by  treating  it  with  boiling  oil  of  vitriol,  nydrooliloric 
acid  is  in  this  ciise  expelled,  and  a  small  quantity  of  protoxide 
of  platinum  is  dissolved ;  the  metal  is  then  to  be  wpU  washed  in 
4istilled  water. 

(1005)  Other  finely   divided    sulistanees    besides   platinum 

fiossess  this  property  of  favouring  the  combination  of  oxj'geu  and 
iT<lr()gen  in  an  inferior  degree ;  even  pounded  glass,  porcelain 
cfiarcoal,  pumice,  and  rock-crystal,  if  warmed  to  600",  produce 
tills  etfect.  Finely  divided  palladium,  rhodium,  and  iridium 
also  determine  the  combination  of  oxygen  and  hydrogen  with 
exjilosion  at  ordinary  temperatures.  Gold  and  silver  effect 
the  combination  of  hydrogen  with  oxygen  quietly,  at  tempera- 
tures far  below  the  boiling-point  of  mercury  (Dulong  and  Thd- 
nard).  Metals  which  have  a  strong  cliemical  attraction  for  oxygen 
cannot  l>e  usetl,  because«they  immediately  become  oxidized  upon 
their  6urf:ice. 

(1006)  Catfilyms. — Tlie  reiniu-kaile  actions  produced  by  the 
agency  of  finely  divided  platinum  liLve  in  the  foregoing  para- 
gniphti  been  attributed  to  the  foreeoflidhesion,  which  is  supjK)sed 
to  bring  the  different  gaseous  bodies  within  the  sphere  of  mutual 
action ;  but  they  were  viewed  by  Bei^elins  as  arising  from  a  new 
force,  whieh  he  termed  catalys'is,  in  virtue  of  whicli,  he  says, 
*'  Certain  bwlies  exert,  by  their  contact  M'ith  others,  snch  an  m- 
fluence  upon  these  bodies,  that  chemical  action  is  excited  ;  com- 
pounds are  destroyed,  or  new  ones  are  fonned,  although  the  sub- 
stance by  which  these  actions  are  induced  does  not  take  the 
slightest  part  in  these  changes."  This  catalytic  force,  however, 
is  probably  purely  imagiimry:  most  of  the  phenomena  wliich 
have  bitlierto  been  refcn-ed  to  its  agency  being  tK'eiL-ititned  by 
several  different  causes,  wbieh  often  admit  of  being  distinguislied 
from  each  other,  ami  which  may,  as  in  the  case  of  the  action 
of  platinum,  beexplaineil  by  tlie  active  operation  of  other  known 
forces. 

One  class  of  these  phenomena  is  that  included  under  the  term 
fet'tiHutiitum,  Fermentations  are  peeiiliar  to  the  pinductr.  of  or- 
ganic chemistry  ;  sndi  for  iniifance,  as  the  change  of  stihition  of 
feugnr  into  alcohol  and  wirlxmie  aidiydride,  under  the  intlueneeof 
yeoJtt :  the  change  of  stnreli  into  sugar  in  the  oponition  of  mash- 
ing wort,  or  in  the  germination  of  seeds,  owing  to  the  presence  of 
a  peculiar  albuminous  substance  termed  <^//«^///w;;  and  the  grad- 
nal  conversion  of  amygdalin,  the  bitter  principle  in  the  bitter 
almond,  into  hydrocyanic  acid,  oil  of  bitter  almonds,  sugar,  and 
formic  acid,  when  it  is  dissolved  in  water,  and  mixed  with  mjnap- 
iase,  or  the  albuminous  sul^stance  contained  in  the  pulp  of  tlie  seed. 
In  all  these  cases,  however,  although  the  constituents  of  the 
•yeast,  the  diastase,  or  the  synajitase.  «lo  not  enter  into  the  forma- 
tion of  the  new  products,  yet  thest^  bodies  disappear  during  the 
change,  and  during  the  whole  time  are  undergoing  a  series  of  spe- 
ritJe  uiterutions,  which  stand  in  intimate  but  as  yet  unexplained 
relation  to  the  metamorphosis  of  the  sugar,  the  starch,  or  the 
oiu  V''dulin.     One  of  the  most  remarkable  features  of  tUe&c  dwaxck.- 


positions  is  the  small  proportion  of  the  ferment,  or  catdytle  Wf 
BA  Mvr?AAm»  termed  it,  wnieh  is  required  to  prodaee  llie  clmag^; 
for  instance,  1  part  of  yeast,  calculated  in  its  dry  state,  \i  saf&- 
cieiit  to  convert  fiO  psirts  of  sugar  into  alcohol  and  carbonic  anhy- 
driilw ;  and  a  still  Btiudler  qiiautity  is  nKinlred  in  the  case  of 
diniitHAe,  1  part  of  which  is  able  to  effect  the  transforroatios  rf 
monx  than  1000  titnes  its  weight  of  starch  into  so^r.  The 
ctiii*id<Tntion  of  tliesje  remarkable  metamoqihoses  must  howtTer 
be  ileferred  until  the  organic  Ixidi^  themselves  have  beea  de- 
icribcd. 

Liehig'*  theory  of  eataljais  is,  "that  a  bodj  in  the  act  of  com- 
bination or  decomposition  enables  another  body  with  whii-h  it  is 
in  fotitswt  to  enter  iuto  the  game  &tate.  It  is  evident,"^  sars  kc, 
*'  ihat  the  active  state  of  the  atoms  of  one  Ix^dy  has  an  iimueuee 
upon  the  atoms  of  a  body  in  contact  with  it,  and  if  these  atoTiis 
be  capable  of  the  same  change  as  the  former,  they  likewiie  m^- 
go  tliat  clmnge,  and  combinatiouij  and  decompositions  are  theom- 
seqxienca.  *  *  *  This  influence  exerted  by  one  coraptviiiid  tipra 
the  other,  is  exactly  eimilar  to  that  which  a  txjdy  in  the  act  uf 
combn»tion  exercises  upon  a  combustible  bodv  in  it?  victnSii; 
with  this  difference  only,  tliat  the  eauj^es  which  delemiitie  the 
participation  and  duniticm  of  tiicse  conditions  are  ditfcn-nt." 

These  explanations  have  been  found  insufBcient  to  acojiuit  fnf 
the  pbenom.eua  of  fennentatiun,  as  the  bodies  which  are  Hinltf- 
going  fennentation  do  not  "enter  ijito  the  «om-tf  state"  as  th* 
particli's  of  the  ferment ;  thoiigli  they  apply  admiral>ly  to  mimTof 
the  illustrations  cited  by  Licbig  in  support  of  his  theory.  Am(iii^ 
tlie^ic  illustrations  is  an  experiment  by  Simestire,  who  olscned 
that  moist  woody  fibre,  if  placed  in  contact  with  oxygen,  graifu- 
slly  converts  the  oxygen  into  carbonic  anbyiLride.  On  adrling  t 
certain  quantity  of  hydrogen  to  a  mctisured  bulk  of  osy^'vn, 
which  was  undergoing  this  change,  he  observed  a  diminution  ia 
the  volume  of  the  two  ga^^es  immediately  after  midving  thi^  mil- 
ture;  a  portion  of  oxygen  had  thus  been  caused  to  enter  intowm- 
bination  with  the  liydrogen,  and  a  true  gradual  combustion  of  tie 
hydrogen  had' been  efl'cctetl,  analogous  to  that  prudm^ed  by  plati- 
num, owing  to  its  contact  with  vegetable  matter  which  was  iteelf 
undergoing  slow  oxidation. 

Again,  it  has  been  observed  in  the  ca*se  of  certain  alloys^,  thiit 
the  compound  is  entirely  sohdjle  in  an  acid  whicli  may  be  itnsltle 
to  attack  one  of  the  components  of  the  alloy  when  in  a  separate 
form.  Platinum,  for  instance,  is  not  soluble  in  nitric  acid,  but  if 
it  be  alloyed  with  lt>  or  12  parts  of  silver,  the  acid  dissiikes  it 
readily.  In  like  manner,  copper  ii^  insoluble  in  diluted  enlpbum 
acid  ;'biit  an  alloy  of  zinc,  nickel,  and  copper  is  readily  diiolved 
by  tlifs  iiqnid. 

(lOOT)  Mftnis  of  Motum  on  Chetm-cal  Attraction. — In  insEj 
C^es  motion  favours  the  manifestation  of  cohesion  in  a  remark- 
able manner :  for  example,  water  may  be  cooled  below  itfi  freezing- 
point,  and  may  retain  its  liquid  form  if  it  be  kept  perfectly  motion- 
leaa,  but  oio.  Xkia  tW^Uu&t  agitation  it  a&sumee  the  forui  of  ice 
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Again,  if  a  BolutiMTi  of  nitrate  of  silver  be  simply  mixed  witli  by- 
drocljloric  aei<l,  it  will  li»ug  reujuiii  milky;  but  if  the  nitrate  be 
in  excess,  and  the  niixture  be  briskly  shaken  for  about  a  minute, 
the  whole  of  the  chloride  of  silver  will  collect  into  dense  flocculi, 
which  subside  rapidly  and  leave  the  Liquid  clear.  In  a  somewhat 
similar  maimer  motion  favours  the  development  of  chemical  action : 
— when,  for  example,  a  mixture  of  tartaric  acid  and  nitrate  of  po 
tAs>sium  is  made,  no  sign  of  precipitation  will  aiij>car  for  many 
minutes,  if  the  mixture  after  sijuple  agitation  be  M\  at  rest:  but 
if  it  be  briskly  stirred  with  a  glass  rod,  an  abundant  deposition 
of  crystals  will  speedily  be  produced.  A  simihir  etfect  is  often 
observed  with  other  crystalline  precipitates:  the  dor'ole  chloride 
of  platinum  and  potassium,  or  of  platinum  and  ammonium,  fre- 
quently does  not  appear  in  dilute  solutions  until  the  mixture  has 
been  briskly  stinxd.  If  the  glass  rod  which  is  used  in  stirring 
the  mixture  be  dm\ni  ligainst  the  side  of  the  vessel  containing  the 
liquid,  the  track  of  the  rod  will  be  rendered  evident  by  tin.-  fonua- 
tiou  of  crystals,  which  are  syuimetrically  deposited  on  each  side 
of  this  line.  This  ettect  is  partienlarly  manifciited  when  a  sjilu- 
tioD  of  phosphate  of  sodium  is  addetl  to  dilute  neutral  solutions 
of  magnesium  containing  ammoniacal  salts;  the  double  phosphate 
of  ammonium  and  magnesium  takes  many  hours  for  its  complete 
deposition,  indcss  the  Hquitl  be  briskly  stirred. 

Sometimes  when  the  chemical  attructitms  which  hold  a  com- 
pound together  are  feeble,  or  where  the  cunii)onents  have  a  .strong 
tendency  to  assume  the  gaseous  form,  a  blow  will  1m3  sutHcient  to 
disturb  the  equilibrium,  and  an  explosion  will  follow.  In  this 
way  cldoride  of  nitrogen,  which  is  united  by  feeble  ties,  and  is 
composed  of  lK>dies  which  naturally  exist  in  the  gaseous  state,  is 
sometimes  decomposed  liy  the  mere  fall  of  a  drop  of  the  liquid 
to  the  bottom  of  ajar  of  the  solutiou  in  which  it  is  being  forujed. 
The  ordinary  percussion-caj*  is  another  instance  of  the  same  kind, 
where  the  nitrogen  in  the  tiihninate  suddenly  resumes  its  gaseous 
Btftte  on  the  ajiplication  of  a  blow.  In  the  latter  ease,  and  in 
that  of  the  connnou  lucifer  match,  it  might  be  supposed  that  the 
heat  evolved  by  the  sudden  eompressi.in  attending  the  blow  or 
the  friction,  is  Uie  cause  of  these  detonations;  but  this  explanation 
certainly  caimot  ajiply  to  the  iodide  of  nitrttiien,  whicii,  if  dry, 
explodes  when  touched  even  with  a  fejither.  Fulmiiuiting  silver 
is  also  deconij)ose<l  with  expLjsiim  by  causes  eipially  slight. 

(1008)  CtnitytU'riiig  Attractions.  —  Another  class  of  these  60- 
csalled  catalytic  ])heiioniena  is  exeniplitied  in  the  effect  of  the  ad- 
mixture of  oxide  of  copper,  or  oxide  of  manganese,  in  aiding  the 
deconqxisitiim  of  chhirate  of  potassium.  C'ldorate  of  potassium 
fuses  at  aiiout  ft5ti°,  and  when  heated  to  about  70()°  it  is  decom- 
posed with  effervescence  and  rai>id  evolution  of  oxygen:  when 
mixed  with  about  a  fourth  oi  its  weight  of  black  oxide  of  cojn)er, 
or  of  oxide  of  manganese,  the  salt  begins  to  l>e  decompose<l  at  a 
IcmjXirature  of  betAveen  ioO^  and  SOU"  (much  below  its  fu^ing- 
pnint) ;  the  gas  which  is  given  off  in  this  case,  however,  is  always 
iiceoiii])auied  by  a  small  quantity  of  chlorine.  Other  oxides  jjroduca 
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n  similat'  effect,  but  the  temperature  required  varies  with  e«h 
oxide  :  thus,  I  find  when  the  clilDrate  is  mixed  witli  »t«qiiiuiidB 
of  iron  it  requires  a  temperatui'e  of  about  500";  withojodeof 
lead  ii  stiiijinvtiat  higher  teuipei-ature  is  needed  ;  whibt  inagn^sii 
and  oxide  of  zinc  do  not  aia  the  decompo»ition  of  the  salt  st  tJl 

This  remarkable  deeonipositlon  appears  to  admit  of  an  eiiil»p 
Tuition,  siiggt'eted  by  Mereer,  in  eluuidution  of  other  pomewmt 
annU»gouft  actioiifi.  He  eupjwjses,  ulthoiigh  the  catalytic  kKlj  ii 
nut  founrl  to  have  esperieneed  any  perceptible  alteration aftcrtlie 
deeornpositiiHi  is  complete,  that  it  acts  by  exerting  a  feeble  cbem* 
ieftl  attntetioii  upon  oue  of  the  tjonstinient*  of  the  compotrod. 
In  the  case  of  oxide  of  manganese  and  chlorate  of  potassinm,  the 
oxide  of  manganese  is  a  eubetance  which  ha*  an  attraetion  for  in 
Bd<litioiia)  quiintity  of  oxygen,  as  is  evinced  by  the  possibility  i4 
forniiiig  manganic  and  permanganic  acid:;  from  it  by  tiirtJier  ob* 
dation.  Tin*  tendency,  althougli  it  doesi  nut  rise  high  eiumgh  m 
the  es]>eriment  before  us  to  produce  the  acidg,  may  yet  emt 
EuflSeient  attraction  upon  the  oxygen  to  fai'ilitate  ita  mevft. 
Indeed  it  is  not  imj>o6sible  that  traeog  of  rannganie  acid  imiy  l« 
actually  formed,  and  then  decomposed;  iu  wliicli  aise  the  f-rinos- 
tiou  of  the  email  quantity  of  potash,  and  the  libemtiuu  of  tliu 
chlorine,  wtueh  always  accompanies  the  oxygen,  would  be  ne- 
counted  for.  A  somewhat  similar  explanation  may  l>e  applied  iu 
the  case  of  the  black  oxide  of  cop^>er  :  au  unstable  eesqmuxidi.'  of 
this  metal  appears  to  exist :  black  oxide  of  copijer  therefon?  lia»» 
feeble  attraction  for  oxygen,  and  though  that  attraction  i«  tot 
adc'ipuite  to  TL'tain  the  oxygen  wlieri  sejn»rated  from  the  cbloratt? 
of  jHitsissimn,  it  may  yet  aid  in  effecting  its  liheration  :  ise?qniuxiJe 
of  iron  is  also  susceptible  in  the  ferric  aciii  of  a  higher  but  nn^tsiMe 
stage  of  oxidation,  and  the  same  hohk  gcK>d  of  oxide  of  ledi; 
henee  tliese  compounds  facilitate  the  decoin[x>sition  of  the  chlorate. 
There  is  no  pruuf  of  the  existence  of  a  higher  oxide  either  of 
mtigns^ium,  or  of  zinc,  and  accordingly  we  hnd  that  scarcely  »nT 
effect  IS  produced  on  heating  these  oxides  with  the  chlorate,  I 
find  also  thiit  powdered  glass  and  pure  silica  are  equally  inert, 
probably  from. the  same  canse. 

Mercer  observed  that  starch,  which  is  ordinarily  eonrertedby 
nitric  acid  into  oxalic  acid,  is  entirely  transfoi-med  into  carbonia 
anhydride  if  a  salt  of  manganese  bo  present ;  3  OO,  being  formed, 
instead  of  II^G^O,,  Oxalic  acid,  also,  may  he  in  thiiJ  raanDcr 
rapidly  convertwl  into  carbonic  anhydride.  If  an  ounce  of  osalJc 
acnl  l>e  diiisolvcd  in  10  ounces  of  water,  at  ISO'^,  and  1  ounce  of 
colour3e.ss  nitric  acid,  s]>.  gr.  139  be  added,  no  deeomf>c»!tio[i  of 
the  oxalic  acid  occurs;  but  it  immediately  commences  on  ftddiug 
a  i?mal!  (pumtity  of  a  solution  of  nitrate  of  ninnganese,  or  aov 
other  manganotis  wait.  The  protoxide  of  manganese,  from  itsteft- 
dency  to  piLSi*  into  the  state  of  peroxide,  tends  to  deprive  tlie  &w 
niti-ie  aci^l  csf  oxygen,  tm*l  airk  the  oxalic  acid  to  deeomi>ose  tlii^ 
acid  ;  and  the  oxalic  aciil  having  a  stmiiger  attraction  for  oxygen 
than  the  protoxide  of  uitingauese  has,  iiinnediately  apprc^priutM 
the  tixygeu  \  the  united  attractions  of  both  being  able  to  accom- 
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i[i  a  decomposition  wliioh  cuuld  not  have  been  effected  by  eithei 
eepamtcly.  An  unulogou»  ins>tance  of  tLe  effect  produced  by  con- 
cttiTJng  nttrac-tions  of  a  more  enei'fretic  kind  is  seen  in  the  ]>owei 
possescied  l»y  chlorine  to  decompose  silica  or  aliiiniim  when  thefee 
oxides*  are  mixe*]  with  charcoal  (475,  OM),  thou;j;li  neither  cldorine 
nor  charodal  is  able  separately  to  produce  tliis  effect  upon  them. 

A  t'iioilar  result  is  obtained  wlien  a  ijnaiitity  of  hydratedoxifie 
of  copper,  or  of  jieroxide  of  maniranese,  is  thrown  into  a  mixture 
of  bleaching  powder  and  water ;  on  warminy  the  mixture,  oxyjiren 
is  evolveil  abundantly,  and  cliloride  of  calcium  is  fornved  ;  the 
oxide  of  copper  or  of  manjranese,  by  its  attractiim  for  oxyjren,  aid.s 
the  elastic  turce  developed  by  beat  in  detaching  tlie  oxygen  from 
the  chloride  of  lime,  and  the  oxyjien,  by  its  elasticity,  escapes  iu 
the  gaseous  furm  witliout  combining  with  the  metallic  oxide. 

Gaseous,  ammonia  may  be  i)asse<l  through  heated  ]>orcelain 
tulajs  at  ft  very  high  temperature,  and  it  will  experience  only  a 
partial  deciynposition  ;  but  if  the  tube  be  Jilleil  with  linely  divided 
metullic  copper  or  iron,  the  decomposition  takes  place  with  facility 
at  a  lower  temperature.  It  appears  that  in  this  case,  tlie  metals 
act  by  tJieir  attraction  for  nitr<>geu,  which  is  feeble,  and  that  a 
nitride  of  copper  or  of  iron  is  funned  aiid  subsequently  decompose*!. 
If  iron  wire  be  employed  instead  of  finely  divided  iron,  it  is 
found  to  have  become  superficially  altered  and  brittlti  ( 7(!0V  Thv 
tinum  favours  the  decomposition  of  ammonia  but  slightly,  and 
glass  scarcely  in  any  appreciable  degree. 

Alcohol  when  exmtsod  tu  the  air,  evaporates  without  under- 
going any  chenncal  change,  but  if  a  <]uantity  of  caustic  potash  be 
dissolved  in  the  alcolud,  the  alkali  ajipcai-s  to  enhance  its  attrac- 
tion for  oxygen  ;  in  conscfiuence  <>f  which  m^etic  and  fonuic  attida 
are  pri"Hluce<l.  and  form  salts  with  the  imtiish. 

The  decern  I  Hjsit  ion  of  ])eroxide  of  hydrogen  (4S5)  by  contact 
with  many  IkhJIcs,  m  hich  appear  to  undergo  no  chemical  alteration 
during  the  action,  may  prol>ably  be  referred  to  the  same  cause. 
"When,  for  example,  finely  divided  metallic  gold,  silver,  or  ]4ati- 
noni,  <ir  black  ttxide  of  manganese,  is  jilaced  in  the  lit|uid  per- 
o.xlde.  the  latter  is  decomixised,  the  oxygen  being  attracted  by 
the  Tnetal,  which,  however,  has  not  surticient  power  to  retain  it 
in  condtinatit»n.  A  singuhir  circnmstance,  hnwevcr,  has  been  ob- 
eerved  when  oxide  of  gold  or  oxide  of  silver  is  substitutctl  for  the 
tnetal  itself;  decomposition  of  the  peroxide  is  produced  by  the 
raetallic  oxide,  biit  the  oxide  of  gold  t>r  of  silver  at  the  same  time 
parts  with  its  oxygen,  and  is  reduce<I  to  the  metallic  state.  A 
tsimilar  rea^'.tion  happens  if  an  acid  s«)lution  of  acid-chromate  of 
jM.itafr'ium  be  mixed  with  the  peroxide  of  hydrogen,  tlie  chromic 
acid  losing  half  its  oxygen  sinuiltaneouBly  with  the  peroxide  of 
livdrogen. 

Ihodie  {P/til.  Traiix.  1850,  p.  759,  and  l.'=tr,2,  p.  837),  has 
pnbliirhed  the  results  of  a  series  of  ex]>criments,  showing  that  in 
sacli  deeomjMJsitions  there  is  a  numencal  relation  l>etween  the 
qmuttity  of  tlie  peroxide  which  is  decoin|>osed  and  of  the  mctalHc 
vxklv  which  is  rcihiced.     These  exi.>erimcnts  were  not  conlinc'  .o 
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jicroxide  of  liydrojjon.  hut  were  extended  ' 

niul  [KTo^fide  of  feoijiuin,  wliioli  are  much    i 

]tc'roxiJc  of  hydrogen.     It.  wii»  ft^iuiid  thnt  when  tin*  j»i?r 

tnixod  with  water,  and  placed  in  contact  with  oxid«*  ••y  uiti 

I'ido  of  silver,  that  hoth  the  compfMindof  biiriuin  aii 

i*  decomposed ;  hiiryta,  or  chloride  of  horiuin,  being  i -si 

niotallio  silver  and  oxygen  g:\8  are  liberated.    \Vlien  a  dilui 
tion  of  iK'rman^anate  of  potas'^ium  is  iiiixe<l  wi 
of  penixide  of  hydrogen,  Imth  eoiiipouuiLs  ar 
j»ennanganate  hwing  an  atom  of  oxygrn  f<»r  v.k 
liberated  from  the  peroxide.     A  siiinilar  dcfin 
hypochlorite  of  barium  be  substituted  for  i)eruianganatf  of] 
wum.    Brodie  connect*  t]ie?c  exi>erimcnt^i  wiiii  a  hypotlicsl 
geiiemlly  adopted,  by  which  he  accounts  for  the  «imtilt 
liberation  of  oxygen  fr«)m  the  peroxide  of  hydrogen  or  of  ' 
and   from   the  oxide  of  silver  or  other  oxide  which   unt 
decomposition,  and  which  he  a{)plic#  tu  ciu'niical  ■' 
generally:  he  supposes  that  the  ^x/z'/AVfj*  of  the  sam 
in  certain  circumstances,  have  an  attnu'tiMn  for  each  other: 
for  example,  oik'  atuin  of  the  oxygen  of  the  peroxide  of 
may  be  positive  in  its  relation  to  the  oxygen  in  the  oxide  o 
which  he  supposes  may  be  Tiegative.     In  such  a  tai*e  the  tw 
tides  of  oxvgcTi  would  mutually  attract  each  other,  und  il<tt«j^ 
position  of  both  the  oxidca  would  be  the  re^^ult. 

Other  substances  besides  pen>vi<lc  nf  hydrogen  and  the  fl'VnlFl 
peroxides,  exhil>it  a  Mmilar  susceiUiiiility  to<lecom| 
tact  witli  certain  bodies.     Peivulpliide  of  hydrogti 
is  immediately  decomposcfl  by  contact  with  oxides  of  inai 
and  silver,  and,  like  the  i>eroxi(le  of  hydrogen,  it  is  remlrro 
staide  by  the  addition  ot  acids,  while  its  deconiju^sition  is 
tated  by  contact  with  alkalies  (4:il»).     The  nitnwulphatt 
discovered  by  Peloiize  atibrd  another  instance  of  deciMnr* 
effected  l>y  a  l»ody  which  uiidergaes  no  LipjHinmt  cb 
dec^ imposition  is  particularly  instructive,  as  it  is  . 
that  tlie  l»(»dy  wludi  excites  the  decomposition  dncK  sntfer  a 
chemical  cliauge.     For  example,  the  ad<lition  of  a  s(diitimi  of  i 
phate  of  copper  to  a  solution  of  nitrosalphate  of  ammonium  aiu 
an  imttuHlisite  effervescence,  owing  to  the  escape  of  nitrons  ojd^ 
This  decomposition  appeal"?  tt>  be  proiUuvd  thus: — «in  the  mhiiti 
of  sulphate  of  copper,  the  nitrosulpliate  {•aitially  e.V' 
with  It;  now  s<i  long  as  tlie  nitrosulphuric  radicle 
tioti  with  an  alkaline  metal,  the  comjiound  has  a  ccrliiin  :»ii 
since  the  alKali-nictals  apjxiar  l»y  their  baAic  energy  t«>  pt 
the  elcmentjj  »'/'■  4>>i>al/hri4i ;  but  twi  soon  a«  n  *idt  nitli  &  w« 
basyl  is  added,  such  as  the  sulphate  of  copper,  n  portion  nf , 
sulphate  of  copper  i*  fonnod ;  but  the  copper  living  nc»  loii 
to  maintain  tfns  balantre,  the  element*  oi  the.  compound 
themselves  in  a  new  order:  for  instance — 
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AtkI  tlie  iiitr<>«ulphftte  of  copper  imniedifttely  brenks  up  into  nitrons 
oxide  utid  pulphiito  >>['  copper ;  (:ruS<:>,N,B,  becomiii>^ f?iiSO,  +  N,0. 
Confee<iueiit1y  sulpliate  ot  wippur  is  iouud  iu  tlie  liquid  at  the  close 
of  tLo  reuutiuii  uj/jfarently  unaltered. 


§  II.    iNFLrENCS   OF   HeAT   UPON  CnEMICAL   AtTKACTION, 

(1009)  The  forces  which  have  as  yet  been  considered  do  not 
Tnaiiiff.-.t  luiy  specific  effect  in  altering  the  amount  of  chemical 
attraction  between  any  two  bodies;  but  it  is  quite  otherwise  in 
the  cfii«e  Mfhcut,  which  exert*  a  direct  intlucnce  upon  the  degi'ee 
of  attraction.  Elevation  of  temperature  generally  acts  at  once  in 
anjrnienting  the  tendency  to  combination  l>etwcen  the  bodies 
■which  are  submitted  to  its  influence; — for  example,  sulphur  or 
cliarcoal  may  be  pre^servcd  at  ordinary  temperatures,  in  air  or  in 
oxygen,  without  change,  for  an  imletinite  period  ;  but  if  sulphur 
be  heated  to  500°,  and  cliarcoal  to  a  point  a  little  l>elow  a  red  heat, 
oxidation  <?bmniencei<,  and  proceedii  with  increasing  vigour,  and 
the  phenomena  of  combustion  occur.  But  although  a  rise  of 
teini)erature  exalts  the  action  of  chemical  attraction,  this  tendency 
to  combination  is,  at  the  same  time,  more  or  les*  counteracted, 
and  is  sometimes  comiiletcly  overcome,  by  the  tendciK-y  to  mutual 
repulfsion  which  bout  imparts  to  tiin  molecnlei^  of  all  iJ.ubtitances, 
both  !*iinple  and  compound.  It  not  unfreqiiently  hftpi)ens  that  a 
raodenite  elevation  of  temjjcratiire  produces  combination,  whilst 
a  higher  temperature  destroys  the  compound  so  formed.  A  good 
instance  of  this  kind  occurs  in  the  action  of  oxygen  upon  mercury ; 
at  ordiniiry  temperatures  this  metal  shows  no  disposition  to  con\- 
bine  with  oxygen,  for  it  evaporates  in  air  and  becomes  e<mdensed 
again  in  the  metallic  form  ;  but  at  a  temiierature  approaching 
700°,  or  a  little  above  the  boiling-point  of  the  metal,  it  combines 
gra<iually  with  oxygen  and  becomes  converted  into  the  red  oxide; 
whilst  at  a  heat  short  of  redness  it  is  decomposed  into  gaseous 
oxygen  and  vapour  of  mercury.  Again — baryta  at  a  red  heat 
alworbs  a  second  atom  of  oxygen,  forming  peroxide  of  barlura, 
but  the  second  atom  of  oxygen  is  expelled  by  a  full  white  heat. 
and  the  comy>ouiul  is  reconverted  mto  baryta.  A  mixture  at 
ox)-gcn  and  hydr(»gen  may  V)e  preserved  unchanged  at  ordinaiy 
temperatures,  but  tlie  introduction  of  a  glass  rod  heated  to  bare 
redness  so  completely  altc'i-s  their  mutual  attraction,  that  sudden 
combination  attended  with  exjilosion  is  tlie  result.  This  ajqiears 
to  be  as  pure  a  <ruf!e  of  augmentation  of  chemical  attraction  as 
can  be  met,  with.  sinc«  both  the  components  are  thoroughly 
mixed,  and  as  both  are  in  the  gaseous  state,  heat  cannot  in  this 
case  act  liy  diminishing  cohesion,  and  so  bringing  their  particles 
itito  more  intimate  contact.  Grove,  however,  has  shown  that  in 
the  case  of  this  same  ccmipound  of  oxygen  and  hydrogen  a  sudden 
inversion  of  chemical  attraction  takes  place,  tor  at  an  intense 
white  heat  water  is  separable  into  its  constitnent  gases;  by  the 
voltaic  ignition  of  a  platinum  wire  under  water,  or  by  the  intense 
liMt  of  a  ball  of  mcltod  platinum  raised  to  whiteness  by  an  alcohol 
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flame  animated  by  a  cuirent  of  oxygen,  and  then  plnnged  irada  i 
water,  the  two  gashes  m»j  be  separated  from  each  oiber  aai  oot,  ' 
looted  ill  the  gaseoua  state  {Phit  Trans.  1847). 

Sumetinies  the  decomposition  ettbcted  by  elevation  of  tempen- 
tiiru  is  only  partial;   a  new  and  more  stable  coraiKiond  Iring 
forinr^d,  wliicli  at  a  still  liigher  temperature  is  in  its  turn  dectim- 
mised  :  foi'  esample,  olefiant  gas  at  a  full  red  heat  lwe«s  hi\t  it» 
cnrliim,  and  is  converted  iiktu  light  carbttretted  hydrii<^*n ;  and 
tliirt  ^iis,  if  Bubjeeteti  to  a  white  heat,  deposits  the  remainder  of  it* 
Barbnii,  whilst  "pure  hydrogen  ib  liberated.     Chlorate  of  potn^ium 
at  a  iiiiiiderate  heat  is  decutiipofted  into  perchlorate,  and  pmbitSjk 
inti)  chlorite  of  putftssium ;  the  latter  salt,  however,  is  immedi- 
ately re>*<jlvod  into  oxvgen  and  chloride  of  potassiuni ;    but  hJ  i 
higher  teiiiperatnre   t!he  iiei-ehliirate  in   it*  tnrn  parts  with  its 
oxygen,  and  the  more  stable  chloride  of  potassium  in  the  fin»l 
resnlt.     Nmneroiia  other  instanee»  of  tliie  kind  will  Ix-  {m-s-ntri 
to  the  rciider  "wlien  the  produets  of  orEjaiiie  cheniititrv  are  exomillfid.  j 

A  further  iUu?tratii>n  of  this  point  is  afforde<J  by  thedHfertBt  ' 
prodiifts  which  are  fiimislied  by  the  c*iinbu!5thin  of  tlie  satwM^ 
at  different  teuipuniturrai.  AVlien  a  jet  of  cyanogen  is  bunied  with 
a  free  supply  of  air,  the  only  pniduets  of  tlie  combustion  are  or- 
bonie  aritiydride  and  nitrogen;  but  if  «  eoil  of  red-hot  platinota 
wire  lie  feusj>ended  in  a  mixture  of  eipial  volumes  of  eyam "gen  aa J 
oxvijen,  the  nitrogen  undergoetj  oxidation  as  well  as  the  carbou, 
aiii-ic  oxide  being  formed,  as  is  evidenced  by  the  apiiearance  uf 
rudflT  fiimea,  owing^  to  the  combination  of  the  oitrie  oxide  iritli 
free  u.Nygen.  Ill  a  similar  manner,  ether,  when  Imrut  freeiv  in 
air,  prothu'eft  eurlKinie  anliyrlride  and  wiiter,  •8,H,,04-*>  ©, '*• 
coming  4  f^rt,4-5  H,0;  but  if  a  gl.iwiug  coil  of  platinum  wiret* 
ensp.'iided  in  a  mixture  of  the  vajxnur  of  ether  and  atmospheric 
air,  several  new  products  are  fonned,  araong^  wliieh  are  ald(^v<l 
and  ueetie  aeid  ; — 

Etfaer,  AldchjrL 

e,n,.0+e,=2e,n.o+iT,e;  and 
e,ii..e+2e,=2e.ii,e,+n.e. 

(1010)  ii'uJtjiensimi  of  Chemical  Adimi  h^  Depresm4>n  of  Tei*- 
perafure. — As^  chemicid  attraetion  is  increased,  on  the  one  hand,  bV 
elevation  of  teujpeniture,  &o,  on  the  otlier  hand,  it  is  diniimslieti 
by  reduL'tittn  yi  temperature.  Sehrotter  has  shown  (C/ifmi^.  vol 
i,  p.  I'J'J)  that,  by  a  sutKeient  degree  of  cold,  chemicabcomMnntion 
may  l»e  prevented  even  Ivctween  lifKliea  which  at  the  oniinarr 
tenipeniture  of  the  air  unite  with  each  other  with  great  energy. 
Chlorine,  fur  example,  combines*  M-ith  phc»8phoru»*,  or  with  finely- 
divided  metallic  antimony  or  arsenieura,  with  &ueh  violence  that 
these  IxKlies  take  fire  spontaneously  in  an  atmosphere  of  the  gn*; 
but  if  the  eblorine  lie  cooled  down  to  — lOfi*',  by  means  of  a  badi 
of  solid  earlK)nic  anliydride  and  ether  (19fi>,  it  miiainn  li<)nid  at 
the  oih^nv\v\  igr^sure  of  tbe  air,  and  it  is  then  quite  indtlfcix'nt  tc 


vrnvmrcK  or  moht  on  chemical  attraction.  747 

Wie  i>hw{>liorns,  the  arsenicatu,  or  the  antimony,  provided  tliese 
BulmtiUiocN  \ni  cooled  to  the  game  temperature  before  they  are 
•dded  to  the  liquid  chlorine.  When  the  tube  in  which  the  niLx- 
ttire  is  eoatained  is  withdrawn  t'roui  the  cold  bath,  the  evapo- 
ration of  the  chlorine  occurs  with  sutlicicnt  rapidity  to  preserve 
the  teini^KTuture  below  the  point  of  eomVjination  ;  but  if  the  freo 
escaj'e  of  the  chlorine  be  ])revented,  the  temperature  rises,  imd 
coajbuiati»>ri  occurs  with  explosive  violence.  The  mutual  action 
of  chlurochromic  acid  and  alcohol,  of  chlorine  and  ammonia,  of 
iodine  or  of  bromin«  and  phosphorus,  and  varioutj  other  actions 
of  a  similar  nature,  may  be  prevented  in  the  same  way. 

From  these  experimentSi,  and  from  those  detailed  in  the  fore- 

(toint;  panu?raph,  it  appears  to  be  most  probable  that  when  two 
Kxlies  hiive  a  chemical  attraction  for  each  other,  there  is  a  c-ertain 
range  of  temperature  within  which  they  will  enter  into  condiina- 
tjon,  but  if  the  temperature  be  raised  or  depressed  beyimd  u 
certain  limit,  their  mutnul  attraction  is  suspended;  and  at  high 
temperatures  the  com]>ound  already  formed  may  b©  destroyed. 
The  temperature  most  favourable  for  combination  varies  with  each 
pair  of  bodies,  and  it  seems  to  be  probable  tliat  there  is  for  each  a 
certain  temperature  at  which  the  maximum  of  attractiou  exists, 
and  above  or  below  which  it  decreases. 

g   III.      IwTLUENCE   OF    LlGDT   ON   ChEMICAI.   ATTRACTION 

Photography. 

(lOll'i  Supposed  Influence  of  Light  upon  Crystallization. — It 
is  a  familiar  observation,  that  volatile  bodies  which  crystallize 

they  are  condensed  atler  spontaneous  sublimation, — such  as 
nphor,  naphthaliii,  and  Faraday's  chloride  of  carbon, — if  placed 
m  gla&s  vcis«*els,  ol^en  collect  upon  the  side  of  the  glass  which  is 
exposed  tti  the  light,  whilst  no  crystals  are  deTK>sited  upon  the 
other  side  of  the  vessels.  This  etiect,  however,  is  not  confined  to 
crystallizable  substances.  If  a  few  dro])s  of  water  be  placed  at 
tlie  bottom  of  u  bottle,  the  sides  of  which  are  kept  dry,  and  the 
mouth  of  the  bottle  be  closed,  a  deposit  of  globules  ot  moisture 
will  generally  be  observed  upon  a  particular  portion  of  the  side, 
and  often  this  de[)08it  occurs  upon  the  ilhimiiuited  side  of  the 
liottle.  A  similar  ett'ect  is  frequcTitly  seen  iu  tlie  vacuum  of  a 
iMU'ometer,  trlobules  of  mercury  being  condensed  upon  the  side  of 
the  tube.  It  WHS  generally  supposed  that  these  etiects  were  due 
to  some  subtle  influence  exerted  by  light,  but  Tondinson  has 
8hown#concIusively  that  they  are  simply  owing  to  ditierences  in 
temperature;  tlie  cr^'stals,  orthe  liijin'd,  becoming  condensed  ni)on 
that  part  of  the  vessel  which,  from  accidental  circumstances,  is  the 
cohlest  iJ'hU.  Mmj.  18G2), 

(lol2)  Chemiral  Actions  of  Li(jht. — The  rays  of  the  sun  are 
not  only  tlie  great  source  both  ttf  light  and  heat  to  the  globe  which 
■we  inhabit,  but  they  are  {■oii;itaiitly  exerting  upon  the  various 
gubstances  upon  its  surface,  a  chemical  intluen<e  of  the  utnio-it 
importance  to  the  existence  of  animal  and  vegetable  life,  and  to  the 
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permunenoe  of  the  present  onler  of  creation,      i    .  . 

tUit^  reiiiarkuble  chomioul  activity  in  thi»  s«il»r  r  >  -     ^ 

in  vitri'iii!?  wiiys: — ^Vllel' 

d:irk  u-it.Ulij<lr<)gtMi.  no  « 

gH«e*  have  been  exp<jjjed  suparutely  U>  the  Ir'auis  <•!  thu 

uare  bul>senuently  been  mixed  in  the  dark,  they  may 

eerved  in  tliis  condition  jUbo  without  change,  eo  long 

are  screened  frotu  the  light;  but  if  the  mixture  lie  cxj 

diffn.^ed  daylight,  it  will  be  observed  that  the  two  trsicta 

gradually  to  combine,  and  if  tliej  1" 

uncouibined  oxygen  or  excess  of  hy< 

with  ex]ilo6ion  occurs  when  tliey  are  iwptn^^d  Ui  i 

of  the  Bun.     The  rapidity  ^vith  wliich  this  o<.>iubi) 

pro|K»rtioued  to  the  intensity  of  the  lijjht,  and  ati 

measuring  the  amount  of  the  action  which  is  produv,...  ... 

daylight  wa^^  described  by  Draper,  under  the  somewhat  £anc3 


t1>« 


ntime  of  the  tithonottwU^r  {I'hu.  Mcuj.  Dee.  1H43), 

<10i;i)  Photo-chcmv'n}  [ndin't'wn, — An  elaborate  invwati 
of  tlic  circunistunce*  which  iutliumee  the  action  of  bj 
mixture  of  chlorine  and  hydrogen,  Viy  Bim^en  luid  I; 
be  found  in  the  Phil.  Tran«.  for  1857. 

From  these  investigations  it  appears  to  be  probid'l" 
species  of  induction  prece<les  the  crlit:iuical  action.     ]i 
by  Draper  that  on  exixwinp;  the  explosive  mixture  ofclimrt 
hydrogen  to  dilfu6ed  daylight,  the  amount  of  condeiiesutio 
ally  increjv^ejj  for  a  few  minuter,  until  it  attains  a  nmxi 
which  point  the  rate  of  combirmtion  between  the  two  g 
tinucj  to  be  uniform  for  e«jnal  ununjiit-.*  of  im-i<lctit  light, 
attributed  thit  slow  attaiiuncnt  of  the  uuixininm  rato,  lo 
of  iiglit  upon  chlorine  alone,  in  consequence  of  whielij 
gradually  converted  into  a  new  and  more  'ac^tive  MwAl] 
Jluiisen  and  Roscoe,  liowever,  did  not  liml  that  either  eJd 
hydrogen,  when  separutely  exptrsed  to  light,  exhibi'     ' 
had    been   mixed  and  again  fxj>osetl.  any  notion 
that  i>bscrvcd  when  tln-giises  were  ]>rc]iarcd  anclnn 
and  then  exposed  toliglit;  they  consider  that  tin 
overcoming  certain  re.-!ii.tanccs  which  op]K>so  tlie 

the  two  gases:  and  this  peculiar  action  they  term  ^ 

inductimi.     The  time  which  clapAeii  before  tlm  nnixitrtum 
due  to  the  light,  is  attained, varies  considerably  indiffeifntex 
ments, — ranging  from  3  or  4  nuniitcs  up  to  10  or  15.     Tlie 
intense  the  light,  the  more  rapidly  is  the  nnixitniin  i 

the  increase  is  in  a  greater  ratio  tlian  the  mere  iti  j 

This  iruhictive  influence  upon  the  g»i.st«  is  not  |" 
are  j)lui;e<l  in  the  dark  for  a  nhort  time,  and  :ii 
exposed  tu  the  light,  an  interval  of  cxjKWure  Mmilai'  tc»  th« 
required  before  the  inaxinmm  rate  of  combination  \»  Mtal 

^1014)  Actum  itf  Lujht  on  Mijxd  Qate*,  —  The  pi 
foreign  giises  in  the  mixtui'e  of  chlorine  an'1  '     ' 
diminishes  its  sensitiveness  to  the  action  of  L. 
for  exAiuplG)  of  3  part^  of  kvdrugea  to  IWU  ot  lias  auxt 
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dnccd  fTiP  rate  of  coTTil)i'iintion  fureqnal  ainnuntsof  expnsnrcfroin 
,  JOO  to  ;>7'8.     The  offfct.  of  oxygen  is  still  greater ;  6  iisii-ts  of  oxy- 
gen in  1000  of  the  mixture  reduced  its  8eng.itivcne96  under  eimilar 
I  exposure  from  100  to  9 "7,  and  13  parts  of  oxygen  to  2 "7.      The 
following  tulvJo  shows  I  he  result*  obtained  with  thcfie  and  some 
other  gases, — takingtheanionnt  of  condensation  ohservi-d  in  equal 
tunes  with  llie  pure  mixture  of  equal  measures  of  chlorine  and 
]  hydrogen  as  in  all  cases  equal  to  loo  : — 

Haie  of  Comhinaiionfor  Intervals  of  eqval  Esrposure  to  Light. 


Kstarc  of  ForelKn  Om. 


None 

Hydrochloric  Add, 

Chlorine 

Hydrogen. , 

Ozyg«n. 


Vol.  of  Cblo- 

rise  and 
Uydrugpa. 


1000 
1000 

1000 


Vol  or 

FnreigD 
Qu. 


RsUo  of 

C«nl1(^^sft- 
Uou. 


100 
100 

GO-2 
60-3 
41-3 
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Bunpen  and  Roscoe  found  that  a  cas  consisting  of  equal 
measures  of  chlorine  and  hyilrogen  could  be  obtained  with  eor- 
tainty,  by  the  electrolvsis  of  a  solution  of  hydrochloric  add  of 
sp.  gr.  1'14S,  if  a  sufficient  interval  were  nllowed  tVir  the  liquid  to 
become  saturated  with  the  two  ga^es.  Tliis  gnsi-ous  mixture  gave 
perfectly  constant  results  for  equal  expf>sure  to  a  light  nf  uniform 
intensity,  provided  care  was  taken  to  ensure  the  couqiletf  expulsion 
of  air  from  the  apparatus.  The  constant  source  of  light  Avltich 
tliey  employed  was  tliat  of  a  jet  of  coal-gas,  burned  from  a  ]>hitinuni 
n<»zzle,  anil  connected  with  a  special  apparatus  for  regulating  tho 
efflux  of  the  gas.  The  coloration  of  tlie  iiumeby  a  trace  of  foreign 
matter  materially  aftected  its  chemical  activity. 

Chlorine  and  carlionic  oxide  gas  al.«o  enter  slowly  into  com- 
bination nrider  the  influence  of  sunsliine.  Two  measures  of  c-ido- 
rine  and  two  of  carbnnic  oxide  in  this  nraniier  become  condensed 
into  3  measures;  tlie  result  is  the  furmntion  of  tho  irritiitingpun- 
gent  ga**  kiiown  as  j^hosgene  gas  (388),  in  allusion  to  the  mooe  of 
its  production.  It  is  remarkable  that  the  direct  union  of  these 
i  ga»es  cannot  be  effected  by  any  other  means. 

Organic  chemistry  abounds  with  instances  in  whieli  combina- 
tions and  decompositions  are  effected  by  chlorine,  under  the  in- 
fluence of  the  solar  ray :  a  few  of  these  have  been  mentioned 
when  speaking  of  the  transformations  of  Dutch  liquid  (4ss).    The 
I  operation  of  bleaching  linen,  bj'  exjiosure  to  moisture  and  light 
I  for  several  weeks  during  summer,  is  another  process  which  il- 
iloBtratetJ  the  influence  of  solar  light  in  the  productiou  of  cbera- 
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ieul  difin^es.      Bvit  the  cUcmieal  actione  produced  Iit  the  flmV 
i-iivi*,  vvliich  are  takings  place  iinperceived  around  ns,  are  cf  m* 
tiiiitt'Iv  ji;fyriter  importajice  than   tlitiee  liinittrtl  tran?f<inmiioM 
whirh'can  be  efixwted  in  the  laboratory  or  the  bleach-tjeltl;  htit 
Itt  upon  tliijse  unoljserved,  yet  daily  renewed  aherationfi,  that  tk 
pruwtli   and  renuvation  of  the  entire  vegetable  kingtJtrtii  i*  it- 
pendent.     The  great  chemical  eftect  of  light  appears  to  be  ikt 
of  a  powerful  r<^ucing  or  deoxidizing  a^ent.     Under  the  inflQeiice 
of  solar  light,  the  green  parts  of  plant*  perform  tlieir  allflttrf 
fimction  in  the  puriteation  of  the  atmosphere,  by  ateurbiM  »d 
removing  carbonic  acid,  in  virtue  of  which  they  fix  thecamnia 
their  tisaues,  and  thus  supply  themselFes  with  tood ;  by  a  similH 
deoomposition  of  water  ttiey  obtain  the  hydrogen  needed  for  their  I 
growth,  while  they  retnm  into  the  aerial  ocean  a  portion  r>t  the  I 
oxygen  with  which  the  carb<:>n  and  the  hydrogen  were  jirvrioniy 
in  combination,  and  thns  assist  in  maintaininflf  that  unifcrnuitr  ia 
the  composition  of  the  atmosphere  which  is  indispensable  totlil>! 
ht'uhhliil  existence  of  aniuml  life,  1 

If  solar  light  lie  exclude«l  fivm  plant^  none  of  these  deconipw-' 
eitions  are  eti'eetetl ;  the  carbonic  acid  e^capesi  unchauge*!  intotii«^ 
air,  and  no  tixation  of  carbon  ensue? ;  the  plant  becotms  polenij 
encoulent,  whi kt  its  fanctions  languish.  Oart.leners  take  aoTaiit»([r' 
of  this  knowleilge  in  order  to  procure  vegetables  of  more  df  Eic«ia< 
flavour :  by  earthing  up  the  plant,  as  is  practised  with  celerr,* 
by  covering  it  with  a  tile  as  in  the  case  ot  endive,  or  by  enct««iij, 
it  in  a  lielbjar.  ns  is  nsual  with  seakale,  the  light  i-  tit-  i-rtf^i 
esoludtHl,  Aiid  the  WeHehing  which  is  desired  in  vegt ;;.  ■'.■  -  :  i  ;U 
table  is  pntdnced. 

f  101.^)  fffducin^  In/tum^  (f  Light  on  Mdallie  SalU.—'^vtA 

attention  has,  within  the  last  few  years,  been  |i^ven  to  the  etwij 

of  the  ehemieal  actions  produeed  by  lights  in  consequence  of  the 

beautiful  inventions  of  the  TalhcHtype  and  the  I^gHerreotroe, 

These  remains  ble   proeese**.  as  well  as  others  of  a  gomewtrt 

similaF  character,  appear  to  depend  upon  the  power  which  the 

more  refrangible  ray?  of  the  solar  specQum  pc^se*?  of  causing  th« 

deicompofitiofi  ot  the  oride,  chloride,  or  bromide  of  silver,  and  o( 

certain  e«.>Dipounds  of  one  or  two  other  of  the  metak.  This  decom 

podtioD  by  mean*  oi  light,  usually  take$  place  ander  the  coocar 

rent  indiience  of  hvdrc^n,  or  of  some  metallic  body,  which  act 

etlhe?  by  setting  fiw  the  diver  or  other  metal,  or  by  prodocio^l 

lower  oxide,  rhkiride,  or  otiwr  compound  of  the  metaL     In  otM 

caeiK,  as  with  the  iodide  of  silver,  a  motecmlar,  and  not  a  dieouca 

cku^;e.  appears  to  be  pn^tiieed  by  expo^^nro  to  light.     In  dn 

estee  there  is  no  inmieiSate  eh*?i^  of  c».»lotir,  bm  it  may  be  «« 

dered  vtaibte  by  the   nmctioQ^  prviducttl  by  the  application  ol 

$aitsbl«  cbsiucal  reagents  to  the  c«.>aipooiHl  after  it  has  been  o 

e5tjxv*d  to  the  suiar  Var. 

Th*  Mk>wii^  ittstaiKes  rf  the  efiert?  of  l^fat  have  long  Iwa 
ohs^^wd  bjr  diemi^s: — If  «  piec«  of  vhite  «Dc  be  dipped  into 
««>latkMi  \<  ekkcide  of  gM,  aad  espoeed  vMbt  in  a  nKibt  etat 

fuple,  and  i 


totke 
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leas  than  an  hour  a  film  of  metallic  gold  is  produced  npon  its  sur- 
face. Xitrate  of  silver  in  solution  in  pure  water  undergoes  no 
change  ■when  exposed  to  the  light,  but  if  any  orgaiiic  matter 
.  be  added  to  the  liquid,  a  black  deposit  is  gradually  formed ;  and 
if  the  salt  be  placed  upon  the  surface  of  the  skin,  upon  paper,  or 
upon  linen,  the  well-known  blackening  effect  for  which  it  is  valued 
as  a  marking  ink  for  linen  is  produced.  Moist  chloride  of  silver 
retains  its  dazzling  whiteness  if  preserved  in  total  darkness,  but 
it  assumes  a  violet  tint,  which  gradually  deepens  in  intensity,  if 
exposed  even  to  the  diffused  light  of  day, — a  portion  of  chlorine 
1)eing  liberated  in  the  process. 

(1016)  Photvffraphte  Pnnting, — The  earliest  experiments  that 
have  been  published  upon  the  production  of  pictures  by  the  action 
of  light,  appear  to  have  been  made  by  Thos,  Wedgwood  and  Davy 
in  the  year  1802.  "Wedgwood  moistened  white  paper,  or  white 
leather,  with  a  solution  of  nitrate  of  silver,  and  by  its  means 
copied  paintings  on  glass,  and  took  profiles ;  but  neither  he  nor 
Davy  was  able  to  devise  any  means  for  preserving  these  pictures 
when  exposed  to  diffused  light. 

The  subject  attracted  but  little  attention  nntil  the  commence- 
ment of  the  year  1839,  when  Fox  Talbot  made  known  {Phil.  Ma^. 
vol.  xiv)  his  process  of  photogenic  drawing,  which  consisted  m 
soaking  ordinary  writing-paper  in  a  weak  solution  of  common  salt, 
and  when  dry,  washing  it  over  upon  one  side  with  a  solution  of 
nitrate  of  silver,  consisting  of  1  part  of  a  saturated  solution  of  the 
nitrate  with  6  or  8  parts  of  water.  This  operation  was  perfonne<l 
by  candle-light,  and  the  paper  was  dried  at  the  fire ;  in  this  man- 
ner a  film  of  chloride  of  silver,  mixed  with  an  excess  of  nitrate  of 
Bilver,  was  formed  upon  the  surface  of  the  paper.  Suppose  that 
it  were  desired  to  obtain  a  copy  of  an  engraving,  or  of  the  leaf  of 
a  tree ;  one  of  the  sheets  so  prepared  was  laid  under  the  engraving 
or  the  leaf  which  was  to  be  copied :  the  two  were  pressed  firmly 
together  between  two  plates  of  glass,  and  exposed  to  the  direct 
rays  of  the  sun,  or  even  to  diffused  daylight,  for  a  period  of  half 
an  hour  or  an  hour.  The  impression  tKus  obtained  was  a  negative 
one,  that  is  to  say,  the  shadows  were  represented  by  lights,  and 
the  hghts  by  shadows ;  those  portions  of  the  surface  which  had 
been  exposed  to  the  strongest  light  becoming  dark  :  in  the  half 
tints,  where  a  feebler  light  had  been  transmitted,  the  blackening 
became  less  evident;  and  the  parts  corresponding  to  the  deep 
shadows  in  the  engraving  remained  white.  The  pictures  were 
fiixed  by  immersing  them  in  a  strong  solution  of  common  salt. 
Considerable  improvements  have  been  introduced  into  this  process 
since  it  was  first  published,  but,  in  principle,  this  operation,  which 
lias  been  termed  photographic  printing,  remains  unchanged. 

A  very  good  paper  for  this  kind  of  printing  may  be  obtained 
as  follows : — Prepare  a  solution  of  chloride  of  sodium  or  of  chlo- 
ride of  ammonium,  containing  10  grains  of  the  salt  to  each  ounce 
of  water.  If  French  paper  (whicli  is  sized  with  starch)  is  to  be 
used,  it  will  be  improved  by  dissolving  1  grain  of  gelatin  in  each 
ounce  of  the  solution  of  salt.    Four  wis  fiqTiid  into  a  flat  shallow 
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er  sensitive  paper,  which  m  often  used,  niaj  be  prepared 
il  a  eolutifvn  whicli  eoiitiiiiis  80  tfrains  t»f  nitrate  of  silver 


dish,  and  lia^'inf;  cut  the  paper  into  pieces  of  a  convcsDiODt  bk, 
take  H.  shf^L't  of  it  by  tlie  two  opjM^site  oomew,  and  bring  it  d<>ini 
npoii  t!i«  snrt'aco  of  the  solution,  eo  that  the  middle  of  the  'beet 
hIiaH  be  tirr*t  iimistened;  then  kiwer  it  jeraduHlly  towjiniT.  fwlmir- 1 
ner  so  as  tu  cxehiilo  air-lnibbles.      Aftor  the  bipse  of  a  niiTluU  it 
iiKiv  ha  rciuiived  from  the  stdution,  and  hung:  up  to  dry.    Ic  order 
to  render  tlio  paper  sensitive,  prepare  n  wdiitioti  of  nitrate  of  til> 
vor  contaiiiiiii;  5(1  yjralna  of  nitrate;  to  the  ounce,  and  lay  tliesbeet 
upon  till'  rtuilhoe  of  the  syhition  in  the  same  mannen'  a*  befMi*; 
in  about  three  minute*^  time  the  sheet  may  be  removeii :  it  moA 
be  raiseil  by  one  corner  with  a  pair  of  forceps  tmped  with  eoaling- 
WBi,  allowed  to  drain,  and  hun^  up  to  dry.      The  pri>ce!S8  of  im- 
mcrsion  in  the  silver  batli  and  &e  drying  must  be  i^erfoniifcd  in  a 
darkened  room. 

Anothe 
by  forniing  a  eoUituvn  wiucti  contains  su  grai 
in  each  ounce  of  distilled  water,  an<l  addintj  eautstic  ammonia  until 
tlie  prp<'i(>it!itcd  oxide  of  silver  is  almost  redissolved:  the  solutitjo 
i»hou]d  he  preserved  in  a  dark  place.  The  paper,  having  Iteeo 
previouiily  j»alted.  is  ejccited  by  brushing  it  over  with  this  eolntioii 
oy  moiinfi  of  a  pledj^et  of  cotton  wool.  The  pajwr  is  allowed  to 
dry  in  the  chirk,  and  (should  be  used  immediately. 

In  order  to  protect  the  picture  obtained  npon  either  of  these 
papers  from  the  further  action  of  li^ht,  it  i»  now  u?«al  to  ationt 
ihe  method  introduced  by  Sir  J.  IIei*schel,  wliich  consists  in  f<>ak- 
ing  the  picture  in  a  solution  of  bypo«ulphite  of  eodiam:  tiiisalt 
coinbiuLs  with  tlie  uudecornposeil  salt  of  silver,  and  renders  it 
Bolublc:  liy  waii]iiii£»  the  picture  for  5  or  6  hours  in  water,  wliicii 
ghould  l)t'  freipiently  changed  in  on.ler  to  ensure  tlie  thoruiigli 
removal  of  the  ^Itis  of  silver  and  of  the  hyposulphite,  the  surface 
is  iecured  from  further  chanfre  when  exptteod  to  light. 

(liilT)  T(flfxrti/^>e,  or  Cahfi/pe  Prtww. — In  1S41,  Fos  Talbot 
took  out  rt  patent  tor  the  very  beautiful  process  to  which  his  name 
has  fiiiu'c  been  attached.     In  this  remarkable  operation  the  surface 
of  the  Eihcet  of  paper  is  coated  with  iodide  of  silver,  which  is  not 
sensitive  /Jtr  se  t<>  the  action  of  light  if  the  proeeiis  of  iintnersion 
in  iodide  of  juttiiA'sitini  is  the  last  operation  previous  to  wa-Jung. 
In  order  to  render  it  sensitive,  it  is  waehed  over  Avith  a  mixture 
of  nitrate  of  silver,  with  galHc  and  acetic  acids,  and  then  exposed 
in  the  camera  to  the  object  %vhieh  ie  to  be  copied.     After  the  lapse 
of  a  few  minutes,  (the  time  required  varying  %vith  the  intensity 
of  the  light,)  the  papqr  is  withdrawn  from  the  camera.     Cnles 
the  Ittjlit  lias  been  very  strong,  no  image  h  visible,  or  a  mere  ou^ 
line  ordy,  but  the  compound  Iia^  undergone  a  change  of  a  very 
siufjidar  nafnre,  for  if  the  blank  sheet  lie  protected  m>m  the  light 
and  washed  over  with  the  mixture  of  nitrate  of  silver  with  gallic 
and  acetic  acids,  on  gently  warming  it  a  negative  image  appean 
with  wornJerfnl  distinctn^  and  tidolity, — ^the  portions  which  nave 
Ijeen  exposed  to  the  Btrongest  lights  assuming  the  darkest  tints. 
The  development  of  the  image  appean?  in  this  priKjess  to  Iw  due 
to  the  reducing  ^euey  of  the  gallic  ftcid,  whicli  acts  moru  rapidly 
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apon  the  nitrate  of  silver  in  contact  with  those  portions  of  the 
iodide  which  have  been  most  freely  exposed  to  the  action  of  li^ht. 
This  dormant  picture  may  be  developed  many  hours  or  even  days 
after  it  was  produced,  if  the  paper  be  preserved  from  the  light. 
It  seems  as  though  the  light,  without  actually  producing  a  decom- 
position of  the  particles  of  the  argentine  compound  upon  which 
It  falls,  gives  to  them  a  particular  condition  which  predisposes 
them  to  produce  decomposition  in  a  reducible  mixture  consisting 
of  nitrate  of  silver  and  gallic  acid.  The  process  may  be  con- 
ducted in  the  following  manner: — 

1.  Preparation  of  the  Iodized  Paper. — A  sheet  of  smooth 
writing  paper,  such  as  that  manufactured  by  Turner,  of  Chafford 
Mills,  or  uniform  texture,  and  free  from  stains  and  spots,  is  pinned 
upon  a  board  by  two  of  its  comers,  and  brushed  over  uniformly 
with  a  solution  of  nitrate  of  silver,  containing  33  grains  of  the 
salt  in  an  ounce  of  distilled  water ;  the  solution  is  best  applied  by 
means  of  a  brush  consisting  of  a  flock  of  cotton  wool  partly  drawn 
through  a  glass  tube,  which  furnishes  a  convenient  handle :  whUst 
the  paper  is  still  moist,  it  is  immereed  in  a  bath  of  iodide  of  potas- 
num,  containing  20  grains  of  the  iodide  to  an  ounce  of  distilled 
water,  taking  care  to  avoid  the  occurrence  of  air-bubbles.  In 
about  two  minutes,  or  as  soon  as  the  paper  has  acquired  a  uniform 
yellow  colour  throughout,  it  is  transferred  to  a  vessel  of  water 
where  it  is  allowed  to  soak  for  two  or  three  hours,  changing  the 
water  three  or  four  times,  so  as  to  remove  all  the  soluble  salts. 
Each  sheet  of  paper  is  then  to  be  hung  up  separately  and  allowed 
to  dry.  These  operations  may  be  conducted  by  candle-light  or 
in  dinused  daylignt.  A  stock  of  this  paper  may  be  prepared  and 
kept  for  use. 

2.  Exdiing  the  Paper  for  the  Camera. — When  required  for 
the  camera,  prepare  1.  a  solution  of  aceUMtiirate  of  mver  (con 
sisting  of  50  grains  of  nitrate  of  silver,  1  ounce  of  water,  and  1^ 
drachm  of  glacial  acetic  acid),  and  2.  an  aqueous  solution  of  gallic 
acid  saturated  in  the  cold.  Add  three  or  four  drops  of  each  of 
these  solutions  to  1  drachm  of  distilled  water,  and  then  in  a 
darkened  room  apply  the  mixture  freely  with  a  pledget  of  clean 
cotton  wool,  to  the  silvered  surface  of  the  iodized  paper — when 
well  soaked  remove  the  superfluous  portion  witha  sheet  of  clean 
blotting-paper:  the  same  sheet  of  blotting-paper  must  not  be 
used  twice  for  this  purpose.  Whilst  still  damp  it  is  to  be  placed 
between  the  glasses  of  the  camera  slide.  It  vnll  retain  its  white- 
ness for  twelve  hours  or  more. 

3.  Exposure  in  the  Canwra. — In  order  to  take  a  landscape,  a 
sheet  of  tlie  prepared  paper  is  exposed  in  the  focus  of  the  camera, 
and  after  the  lapse  of  from  five  to  nfteen  or  twenty  minutes,  accord- 
ing to  the  amount  of  light,  the  picture  may  be  withdrawn. 

4.  Development. — The  image  is  developed  by  brushing  the 
paper  over,  by  means  of  clean  cotton  wool,  with  a  mixture  of  emial 
parts  of  the  solution  of  aceto-nitrate  of  silver  and  gallic  acid.  The 
two  solutions  must  be  mixed  immediately  before  they  are  used,  as 
they  speedily  undergo  mutual  decomposition.    In  a  few  minutrs 
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tln'  filature  grailuulty  Iteirins  t<«  fipjw'ur.  Any  part  of  the  picture 
wliii'li  SL-etus  wiusliti^  tn  ili-itfiK'tni'i>?.  iii>iyjl>e  WH'^lied  over  wiUi  frciii 
»4t.iluti<.nj  of  aoetii-nitrsite  of  silver.  Ttie  development  sJiould  be 
t'rtVrtc'd  by  candle-li^xlif.  <'i'  in  vl-IIovt  lig;lit. 

5.  hl^iwj  (h*'  JftipreAHlon. — As  soctn  as  the  jiiptnre  ce«ato 
aequiw  (listhictHe**  it  i^^  tn  l»e  well  wa-^lietl  with  wator,  and  iin< 
uitTsed  in  a  saturatLil  ftoliilini]  of  li\']ta*»lphite  of  iCKliara  till  the 
yellow  tint  i»f  the  io<li<lt!  of  silvifr  lias  iliKiftpeiircd.  It  ia  lljen  tn 
lie  wjislied  ihiUMUjihly  for  iieversil  Ixnirs  in  clean  wiit«r,  fre<iueiitlT 
i*OTtewing  the  wuter.  Unless  nW  traces  of  the  hyp«.isulpmte  of 
silver  be  reiruiveii,  the  pieture  will  gradually  lose  iXa  irtteMtv. 
Vox  TallMtt  orip:iiiaUy  employtHl  a  54.>[utioii  of  bromide  nf  p^ots*- 
*iiim  for  tixiiig  these  pietures,  but  the  hyposulphite  of  s<xiiuiu  & 
t<»  be  preferred,  Wlien  dry,  the  photo^rajih  should  be  waxed  W 
jiltwiiij;  it  lietween  two  sheets'  of  blotting-paper  Nitumtod  irith 
white  wax,  and  then  ptissiii^  a  inoderntely  heated  ^moothtng  iron 
<iver  the  whole.  The  iieiriitive  pictures  thus  obtained  may  k 
«'iriplriyod  to  funiijih  pimttiee  prints,  or  prints  with  tbe  liifliW 
fl'ui  hli!»dow»  (iM  tliey  oueur  in  nriture,  by  Talbot's  ongfioal  'phot<»- 
gt-nie'  prcH-ew!,  or  l)y  printing  upon  a  fs-eeond  sheet  of  the  prejaBwd 
Talbt  itype  piiper.* 

(lOiS)  PAfffiHfrajih;/ on  Cnllfxfion. — An  important  mfV:1itlcarii>ii 
of  Taibi^t's  process  was  intivxluce*!  by  Mr.  Arelier,  who  pultstitutwl 
for  the  iodized  ]>aj>er  » ti-ansparent  tilm  of  iodized  collodion  sjirwid 
upon  glass  nA  the  recipient  of  the  negative  picture.  The  prncw 
is  thus  rendered  more  certnin  and  very  niueli  more  rapid,  at  th« 
ssimo  titne  the  ui;ini[>ntatiiin  is  siiniplitied  %vliil~t  tlie  }Hwifi^'e 
jjietnres  nbtsiinud  hy  trani^fereuee  of  the  negative  inipre>iitni  are 
niueh  sliar]ier  in  their  outline.  The  operation  require-;  to  ha  iiisi- 
■(kieted  in  a  nifinner  ditterent  from  that  whieli  is  pfaetfsed  wLeli 
jiaiier  is  employed.    The  foUowinii;  is  the  inethcMl  to  be  pursued  :— 

1,  To pivjMfe  the  hath  qf  nitrate  of  silver,  take  ot  nitratt  I'f 
ftilver  30U  gniinji,  diijsidve  the  salt  in  2  ounces  of  distilk-d  wattf, 
ami  ;vdd  1^  jrraiii  of  iodide  of  ]H.»taiwium  di&soh'ed  in  Imlf  a  drachm 
of  water:  llieii  add  droji  by  drop  a  fioliition  of  enrboirate  of  jKita- 
^iuiii  till  n  slight  peruianent  turbidity  is  prodneed  ;  afterwards  add 
dit-tilled  water  until  the  mixtvn-u  measure*  lU  aunees ;  tiltef  ftwi 
add  "2^  minims  of  fjlaeinl  neetie  acid.t 

'A.  PreparaiioH  uf  Srihtiiuit  of  CollmUon, — A  solution  of  i<tdiidf 
t'olhidion,  whieh  is  !*iiitalile  frrr  tiie  fonnation  of  negative  pictures, 
may  bf  prepared  a.^  tVilIows  (flardwicli)  %  :— Take  of  reetitied  etlier 

•  For  furthoT  detnila  upon  the  sublcct  of  photr>jir2phic  printing,  4a,  the  iMdtf  ii 
refi'rreii  ta  HarJwich's  Man-Mi  of  Pho((?gtaphk  Ckemiitrt/. 

i  Ordiiinry  nitrate  of  mlver  is  apt  to  contain  a  Xraee  of  nitric  acid,  irbkii  H  is 
ilesiffihlp  to  neutraJire,  because  en  acid  nolut'on  is  rvuch  Ipas  scnsitire  to  the  artivo 
oftiplit  than  a  ncutrnl  one.  It  ia  Rtill  maro  iiiipoTtnnt,  howcTer,  nr>t  to  hare  any  dlci- 
liucr  reaction,  and  m  enrbonftti?  of  silve-r  in  elEglitly  Bolublo  in  tho  nitrate,  tha  udditiM 
or.iectic;  add  is  aubaequently  made  to  miard  aminn  thi*t:  the  iodido  of  pctasslivn  >■ 
nddod  itt  order  to  Eiatiirn(<>  the  bath  witit  iodido  cirsilwr;  if  this  prucauiion  wert  unl 
ttikcn,  tlie  lilm  of  ioiliiod  coUodiun  ■WOulJ  be  liable  Uj  lose  a  portion  of  io-lid«  pf 
siJvc?r,  since  Sliia  salt  ia  alao  somowbat  solubld  in  a  solution  ofnitratp  of  silTor. 

t  A  suitable  pyrorirlin  for  this  purposo  rany  be  obtijincd  ia  the  tollawing  nuuuwr; 
— Tdkr  of  oil  of  Titrictl,  «p.  gr,  1*343,  six  iuid  oudc«s;  pure  ititraK-  of  potauiui[i« 
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{TT-  0"725),  and  of  alcohol  (sp.  gr.  from  (>805  to  0'815)  each 
4  fluid  drachms;  eoliiltle  pyroxvuin,  from  4  to  eix  grains;  iodide 
of  potaBsium  or  ammonium,  2  grains  ;  iodide  of  cadmium,  2  grains. 
First  dissolve  the  iodides  in  tlie  alcohol,  then  add  tlie  pyroxylin, 
and  lastly  the  ether.  Agitate  the  materials  well,  set  them  aside 
for  twenty-four  hours,  and  then  decant  the  clear  liquid,  which  wili 
retain  sutficient  sensitiveness  to  admit  of  being  used  even  at  the 
end  of  a  month  after  its  preparation. 

3.  Preparation  of  the  CoUihIIoh  Film. — In  order  io  make  nse 
of  this  solution,  a  plate  of  ghi.ss  cut  to  the  size  require*!  for  the 
camera  (after  being  wa,«he<l  with  a  golntirm  of  potash  to  free  it 
from  grease,  rinsea  in  water,  dried,  and  wiped  witli  a  clean  silk 
handkerchief),  is  to  be  held  lionzontally  in  the  letY  hand,  and  a 
(portion  of  the  collodion  is  to  be  poured  steadily  on  the  middle  of 
[the  glass,  and  by  slightly  inclining  the  plate  in  diilerent  directions, 
iTiiade  to  flow  con tpletely  over  the  upper  surface  ;  the  excess  of  the 
solution  is  immediately  to  lie  poured  back  into  the  bottle. 
!       4.  £x('itin<7  the  I'lntefnr  the  Cinnera. — The  nitrate  bath  hav- 
jing  been  introduced  into  a  trough  of  glass  or  of  gutta  percha  suf- 
'fieiently  wide  to  allow  the  introduction  of  the  ghu^  plate  upon 
■which  the  collodion  is  spread — the  prepared  plate,  witliin  half  a 
'■minute  ai^er  the  film  has  been  poured  oft'  its  surface,  is  introduced 
into  the  solution  of  nitrate  of  silver ;  in  from  two  to  three  min- 
utes' time  it  is  thoroughly  impregnatdl  with  iodide  of  silver,  and 
Iwhen  withdravni  from  the  bath  it  mil  exhibit  a  cream-coloured 
opalescence.     The-<e  operations  must  bo  elfeeted  in  a  room  illu- 
minated by  light  admitted  tlirough  a  yellow  blind,  or  by  the  tight 
of  a  candle  screened  by  yellow  glass  110:iS). 

/).  Exposure  in  th^  ikinwra. — The  prepared  plate  is  to  be  im- 
tme<liately  introduced  into  the  slide  oi  the  camera,  in  which  it  is 
I  to  be  exposed  to  the  object  for  a  few  seconds  (from  3  or  4  to  30 
;or  40)  acc<jrdiiig  to  the  niiturc  of  the  nbject  and  the  intensity  of  the 
light.  The  slide  is  then  withdrawn  from  the  camera,  and  the 
'j»tate,  when  examined  in  tlie  darkened  (.'hHud>er,  mil  not  l>e  found 
to  exhibit  any  im;ige. 

6.  Devehtpinff  the  Imatje.^—A.  latent  image,  luiwever,  exists, 
and  it  may  be  developed  l>v  the  use  of  a  li([nid  prepared  by  (jlift- 
Iwjh'ing  1  grain  of  pyrogallic  acid,  10  miniiui?  of  alcohol,  and  from 
jlO  to  20  minims  of  glaciul  acetic  acirl.  in  an  ounce  of  distilled 
•water.  Half  an  lunice  or  more  of  this  li<piid  is  to  be  poured  over 
'the  plate  iniuiediately  after  its  removid  from  the  camera.  The 
iJiegativc  image  which  is  thus  gradually  deve!«iped,  will  be  more 

Ifloely  powdered  and  dried,  3^  ounces  uvoirdiipois  ;  water,  1  fluid  ouiiw ;  dried  cotton 
'wool,  60  grains.  Mix  the  ocid  and  wutcr,  and  »dd  the  nitre  gradually,  Ftirringf 
'between  each  addition,  until  the  whole  of  the  salt  is  disnolved.  Suffer  tl«e  mixture 
'to  cool  10  150'  or  145  K.,  then  add  the  cotton  wool  iu  small  tufts  at  a  time,  taking 
Care  to  plunge  the  cotton  corupletoly  bencnth  the  surface ;  cover  it,  ond  allow  it  to 
et:inJ  for  ten  minutes.  Then  prcsn  out  the  neid  with  u  jrlaas  rod  as  completely  a8 
Ipossible,  and  throw  the  pyroxylin  into  a  large  vohime  of  cold  water,  and  wash  for 
jhalf  au  hour;  nrt*rwnid)»  Hoak  it  well  in  water  for  24  hours ;  lastly,  wring  it  "ut  in  a 
doth,  and  dry  at  a  licit  not  etceoding  100  F.  The  substance  thus  obtuino<l  is  com- 
Iptetciy  soluble  in  a  mixture  of  ether  ond  nlcohoL  It  is  essential  to  attend  to  tbu 
Istrengtb  of  the  acid  and  to  the  temperature  employed. 
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iiitonso  if  immediately  before  nsinf:  til  ''' 

ditioii  1m:>  ma<le  to  it  of  the  same  Hi.lut;  f"!      _ 

etiiployod  ill  the  hntli,  in  the  proportiuuof  2  tli\ip«  to  uuclidradim 
of  the  developinjr  li«|iiJ<L 

The  exact  reaction  which  occurs  in  this  remarkahle  pn'>c«fej 
not  known.     The  p^Togallic  acid,  however,  is  a  enbtstanco 
lia£  a  strong  tendency  to  combine  with  oxvf^n ;  iind  luxC 
ponjdiucd  action  of  iodide  of  silver  and  nitrate  of  r'' 

6encL>  of  the  latter  salt  in  excess  beinfr  necej«ary  t.  

a  portion  of  silver  is  reduced  and  is  dejKjsitcd  npon  i]i<,»^;  [)•«»■ 
of  the  tiim  which  have  been  expv>?ied  to  the  action  of  Hi^ht. 

Other  solntions  may  be  employed  fbr  developing  the  ]*U 
imfiife.     One  which  answers  veiy  well  for  this  puqw****  c«>nj>i| 
of — crystallized  enljdiate  of  iron  from  12  to  20  prains  gl«c 
acetie  acid  20  minims,  alcohol  10  minims,  and  water  1  unn« 
i.s  not.  however,  eo  well  adapted  for  the  prndm-tion  of  ii 
negatives  lui  the  pyrogullic  acid.     Wlicn  the  picture  is  euff 
distinct  it  most  be  washed  with  clean  water,  an<l  fixed  by  ii 
ing  it  in  a  solutioti  of  hypo.^uliOiite  of  (iodinm  (I  pjtrtof  i 
to  2  of  water)  till  the  crcani-colonred  io<lide  of  silver  is 
removcfl.     A  solution  of  cyanide  of  putiissium,  eoTitaining  fn3 
2  to  12  grains  of  the  salt  in  an  otince  of  water,  may  l»e  aaU 
tuted  for  the  hyposnlphite  of  sodinm  for  the  jnirpoj^o  of  fixing  tl 
image.     The  pi<'tui"e  i.s  again  t<»  be  thoronghiy  W!ishe<l  in  cl<i 
water;  it  ie  alioweil  to  dry,  then  heated  before  a  tin?  until  it  fu 
slightly  warm,  and  the  film  is  protected  from  meclmniciU :    ~~ 
bycoverinir  it  with  a  coat  of  transparent  sj>irit-varni»ili,  by  a1 
pulation  similar  to  that  emjdoyed  in  coatmg  the  plate  with  coU 
dion.     This  varuishefi  photograph  may  then  l»e  empioyetl  for  yi 
curing  positive  pictures  by  means  of  the  ftonsitive  ptipcr  jirepnp' 
with  chloride  of  silver  n]M3n  Fox  Talbot's  plan  (inlfi).     By 
ploying  a  neutral  nitrate  bath  free  frmn  all  organic  matter, 
collodion  which  when  icxlizeil  with  iodide  of  potiv-Hiuin 
very  nearly  colourlcs.s,  the  sensitivenc?*  of  the  tilm  to  fhr> 
of  light  may  be  so  highly  exalted,  that  iiinvinir 
waves  of  the  &ea,  or  a  crowd  of  people,  may  I  Mj 

picted  by  the  instantaneous  action  of  light  ujxin  the  pinto. 

(1019)  A/6unu>nt3ed  J*faU'«. — NiepcO  do  iSt.  Victor  irt*-— '■•  ■ 
the  employment  of  glasscR  coated  with  al!)unien,  pri 
beating  up  whites  of  eggs  with  1  per  cent,  of  iodide ot  [k>Im 
the  liquid  is  to  lie  jilaced  for  12  or  24  hours  in  deep  v»i; 
become  clear,  after  which  the  supernatant  liquid  is  to  bo 
niK)n  glass  so  as  to  produce  a  uniform  layer;  it  it*  then 
to  dry  for  12  hour;*,  and  is  tit  for  the  biith  of  nitrate  of  ttls 
Albumenized  glasees  may  be  pre*ierve<l  for  wjnie  wcoks  w^ 
injury;  they  may  be  excited  \>y  means  of  TallHitV  mlxt 
acetonitrate  of  silver  with  gallic  acid  (lOITl    The  i-- 
litjred  liy  means  of  a  solution  of  gallic  acid,  ufter 
been  exposed  in  the  camera. 

(I<>2(»)   Plu>Ui<fritphi{:   Kofjrnvlno  rrvirf   T.ithntjraj/htf. — In 
year  1S27,  NJepoo  publiehed  lining  )>tctttrn«] 
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the  aid  of  Uarht,  tlie  basis  of  which  was  the  fact  that  the  bitumen 
of  Jiuiiea,  wht'ii  exjioeed  to  the  siin'e  rays,  la»coiiie6  insohibk-  in  oil 
of  lavendar,  whilst  those  jmrtj?  which  have  remained  in  shadow 
preserve  their  gohibility.  Tliis  process  has,  with  a<^me  modifica- 
tion, been  applied  l>y  Niep<;e  de  St.  Victor,  the  nephew  of  tlie 
Inventor,  to  the  production  of  engravings  upon  steel.  Powdt-red 
a-sphalt  and  a  proportion  of  pure  Itees-wiix  are  diifssolved  in  oil  of 
laven«ler,  luul  then  inixe<l  with  an  e<mal  volume  of  benzol.  Tlie 
surface  of  the  steel  plate  which  is  to  be  eii<rraved  is  first  carefully 
cleaned  with  whiting  ajid  Mater,  atYer  which  a  solution  of  hydri.*- 
chlorie  acid  in  2U  ]>art3  of  water  is  jwured  over  it,  and  the  plate 
is  imme<liatcly  washed  and  (Med.  The  solution  of  liitnmen  ib 
then  poured  upon  the  i>late  in  a  daa'kened  cliamlx-r,  and  dried  by  the 
application  ot  a  gentle  heat.  A  good  pcju'thy  jihotogi'apliic  ]irf»of 
lA  Bowapjdicd  to  the  surface,  covered  with  gla<s,  and  e.\])ost'd  for 
a  short  tmie  to  the  action  of  diffused  light.  The  exposed  plate  is 
next  subjected  to  the  action  of  a  mixture  of  -^  parts  of  rectified 
UHpbthaaud  1  of  benzol ;  the  jiarfs  which  have  not  been  ex])osed  to 
light  are  gradually  acted  n[»on  by  this  mixture.  When  tiie  pro- 
cess of  solution  has  proceeded  fjir  en<tugh,  the  solvent  is  washed  off 
with  water,  and  the  exjMjsed  parts  of  the  plate  are  'bitten  in'  with 
amixtureof  1  measure  of  nitric  acid,  sp.  gr.  l-?>'i.  2  measures  of  alco- 
hol, 6j).  gr.  ttS44,  and  8  measures  of  water.  Tlie  plate  is  then  sub- 
mitted to  the  ordinary  priK-esses  employed  iit  a<jua-tint  engraving. 
An  i7nporta7it  modification  of  a  })roce.ss  proposed  by  Poitevin 
f«>r  prodiieing  litbogrn]>hs  by  the  aid  of  photography,  has  been  in- 
trcxluced  by  Mr.  Osborne  of  Melbtiurne.  The  basis  of  this  ope- 
rafion  is  the  olwervatitm  that  a  mixture  of  the  anliydro-chrotnate 
of  potassium  and  gelatin,  when  ex[»o8ed  to  light,  becomes  insoluble 
in  water.  In  order  to  apjdv  this  to  practice,  SCO  grs.  of  gelatin 
nn<J  440  of  acid  ehromatc  ot  jiotassiuui  are  dis-stjlved  in  .s  ounces 
of  warm  water;  when  cooled  to  about  110°,.  2  ounces  of  Mlbumen 
from  perfectly  fresh  eggs  are  added,  ahd  the  whole  is  well  mixed  ; 
the  sheets  of  iiaper  are  then  coated  with  this  mixture  on  one  side, 
hung  up  to  dry  in  the  dark,  and  are  glazed  by  pressure.  These 
operations  are  conducted  in  a  room  ilniminated  by  yellow  light. 
PnjX'r  thns  prepared  mav  bo  i)reser\'ed  unaltered  tor  a  long  tmie 
if  ex<'lndod  from  light,  in  order  to  use  it,  a  negative  picture  pre- 
parcfl  in  the  usual  way  is  placed  over  one  of  these  slieets  of 
chromate  ])aper,  and  exposed  from  half  a  minute  to  a  miiiute  in  a 
good  light,  with  the  precautions  usual  in  photographic  jirinting. 
Owing  to  th<'  partial  reduction  of  the  chromic  acid  in  the  parts 
exposed  to  light,  a  positive  |)icture  will  now  be  obtained,  the  parts 
acted  on  by  light  becoming  i>rowu,  whilst  the  screene<l  portions  re- 
tain their  original  yellow  colour.  When  the  picture  thus  produced 
is  placed  in  water,  the  unehangeil  portions  are  easily  washed  away, 
leaving  the  altered  portions  attaclied  ti.i  the  paper.  In  practice, 
it  is  found  best  to  cover  the  whole  surface  of  tJie  picture  with  a 
coaling  of  lithographic  iiik,  an<l  then  fioat  the  back  of  the  paper 
upon  ooiling  water.  After  soaking  for  a  short  time  the  surtace 
iiiHv  bf»  sjionged,  and  the  screened  p<irtion  may  be  completely  re- 
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moved,  leaving  a  beautifully  defined  positive  impp^sion  of  tlw 
Deprive  picture.  After  washing  it  with  boiling  water,  tbe  isajji 
is,  by  meana  of  preeSTire,  transferred  to  the  lithographic  stone,  and 
the  printa  which  may  b«  obtained  from  this  t'nm;ater  in  the  nstul 
■way,  are  remnrkiibte  for  their  ghaqme^^  and  delicacy. 

Very  nearly  at  the  same  time  as  Mr,  Osborne.  S^ir.  H.  Jama 
made  an  independent  applieation  of  the  sivcalled  bichromate  [*&- 
eees  of  Asset  of  Amsterdam  to  rincograpliy.  The  liquid  wliich 
!ifl  uses  consists  of  a  mixture  of  2  measures  of  a  solution,  tjf  acid- 
chromate  of  potassium  (saturated  at  the  boillng^-point)  with  1 
measure  of  a  solution  of  three  parts  of  gum  arable  in  4  of  w»l^, 
and  the  transfer  is  made  to  a  plate  of  zinc  instead  of  to  the  litbi*- 
graphic  stone.  He  ha^  applied  the  process  suec^ssfiilty  to  the 
eopving  of  old  engraving  and  manuscripts,  as  well  a^  lo'  tlie 
multiplieatton  of  maps  and  plants. 

(1021)  Chri{mtyj}r^ — Other  processes  more  or  less  aiialogiim  to 
the  ralbotype  have  been  e<>titrived :  one  of  them  was  iuvented  by 
Herschel,  and  desc'ribed  by  him  under  the  name  of  the  ehty»^j/vt 
(PhU.  Trmm.  1842,  pp.  206,  309): — Paper  h  washed  over  evenlr 
with  a  solution  of  ammonio-citrate  of  iron,  of  such  a  strength  a* 
when  dry  to  produee  a  good  yellow  t»lunr.  It  i^  placed  in  sun- 
shine in  s  camera,  or  under  any  engraving  which  it  may  be 
intended  t<»  copy;  after  a  few  minutes'  exposure  it  is  to  be  re- 
moved, and  instantly  washed  over  -with  a  neutral  solution  of 
terehloride  of  gold;  a  ptMitive  picture  is.  thus  develope*!,  whiek 
asgunies  great  sharpness.  Incoming  gxadnally  deeper  np  to  ft 
certain  point  ;,  at  the  instant  when  it  eeaA;i*  to  gain  in  intensity 
(this  point  being  easily  seized  by  practice),  the  picture  is  put 
into  pure  water,  and  nnsed  thoroughly,  in  order  to  reraoTO  the 
excess  of  solution  of  gold ;  it  is  then  fixed  with  a  solution  of 
iodide  of  potassium^  and  again  washed  to  remove  the  anper 
fluous  Baits. 

In  this  case  the  ferric  salt,  under  the  influence  of  the  oiganic 
matter  of  the  paper,  beciomes  partially  reduced  to  a  ferrous  salt, 
in  the  parts  exposed  to  light ;  and  this  ferrous  salt,  when  washel 
over  with  the  solution  of  gold,  precipitates  the  latter  metal  an  tbfl 
reduced  state,  and  thus  gives  rise  to  the  coloured  image.  Water, 
by  removing  the  excess  of  the  salts,  fixes  the  picture,  and  preventa 
it  from  experiencing  further  change  on  exposure  to  light. 

If  ferricyanide  of  potassium  l>e  employed  instead  ot  cldorideof 
gold,  for  developing  the  picture,  a  blue  image  will  be  produced, 
owing  to  the  formation  ot  TurnbulFs  blue  upon  the  reduced  por- 
tions of  the  salt  of  iron, 

A  solution  of  uranic  nitrate  may  be  used  instead  of  the  amiiw- 
nio-citrate  of  iron,  and  the  picture  may  be  developed  by  means  of 
a  eolution  of  nitrate  of  silver,  of  cldoride  of  gold,  or  of  the  salt  of 
some  other  easily  reducible  metal. 

(1033)  Dagurepivotype. — In  the  year  1839,  Dagnerre  made 
known  his  beautiful  method  of  obtaining  photographic  picture 
upon  metallic  plates.  The  esaeutial  parts  of  this  process  are  as 
tmlowB: — -A.  sensitive  film  of  the  iodide  of  silver  upon  a  silvfif 
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plate  is  exposed  to  the  action  of  light  in  tho  camera.  The  hitenl 
linage  is  tijen  developetl  by  exposure  to  the  vapour  of  mercury, 
after  which  tlie  picture  is  tixod  by  means  of  hyposulphite  of 
Sodium. 

1.  Pofimhwg  the  Plate. — For  this  purpose  a  poUhhed  sheet  of 

5)lated  copper  is  taken,  and  eloaned  by  nibbing  it  over  first  witli 
inely  powdered  tripoli  on  a  piedijet  of  cotton  moistened  with  a 
few  drop.«  of  alcohol,  and  afterwards  with  dry  cotti>n,  until,  when 
breatljed  upon,  the  metal  misunies  a  uniform  dull  surface,  from 
which  the  cloud  disap])ear8  witliout  showinsr  any  patched  or  spots ; 
after  this  the  plate  is  carelidly  ]»olif?hed,  by  means  of  a  long 
polishing  board  faced  with  buckskin.  If  this  preliminary  opcm- 
tion  bo  not  carefully  porformod,  the  subsequent,  steps  will  not 
lead  to  any  satisfactory  result;  the  touch  of  a  finger  upon  the 
polifthed  surface  is  sufficient  to  soil  it. 

2,  lodUhvj. — The  plate  is  next  oxi)osed  for  a  few  minutes  to 
the  va]iour  of  iodine,  till  a  thin  yellow  film  i.s  ]u*aduccd  uniformly 
over  Uie  surface.  This  operation  fihould  be  performed  by  candle- 
light, or  in  a  room  furnished  with  a  window  supplied  with  yellow 
glass;  the  plate  must  be  protected  from  diffused  daylight, 

3.  b^poHwre. — If  such  a  plate  be  exposed  for  a  few  minutes  in 
the  focus  of  a  double  achromatic  lens,  adjusted  to  a  camern 
obscura  ia  such  a  manner  that  the  imjige  of  the  object  to  Ik; 
cojiiod  shall  fall  upon  the  iodized  suiface,  it  undergoes  an  altera- 
tion, whicii,  however,  is  nut  perceptible  on  withdrawing  the  plate 
fi-om  the  camera, 

4.  Devdopinent. — But  if  the  plate  be  exposed  for  a  few  minutes 
to  the  vapour  of  mercury,  heated  to  about  140°  F.,  the  latent 
image  pradtially  appears,  with  all  the  shadows,  lights,  and  lialf- 
tint&  faithfully  reproduced.  AIucli  of  the  success  dei»e]iils  upon 
the  proper  length  of  exposure  to  the  acticvn  of  light,  and  in  this 
respect  practice  is  the  best  guide;  if  too  short  a  time  be  allowed, 
the  picture  is  dark  and  indistinct;  if  the  light  has  acted  toij  power- 
fully, the  shadowa  become  metallic  in  appearance,  and  ill-detined ; 
and  if  the  action  be  coutinueil  for  a  sufficient  length  of  tune,  the 

Ijicture  becomes  reverse,  or  /leijatiiv,  the  shadows  in  such  a  case 
;eing  represented  by  lights,  and  the  lights  by  shadows.  A  due 
exposure  to  the  mercurial  vapours  constitutes  an  important  part 
of  the  operation ;  for  if  this  exposure  be  insufficient,  tho  whites 
liave  a  bhiish  cast,  and  if  it  be  too  long  continued,  the  blacks  be- 
come indistinct  and  misty. 

Mr.  (toddard,  in  the  year  1S41,  discovered  that  the  iodized 

fdate  may  be  rendered  very  much  more  sensitive  to  the  action  K}f 
ight,  by  exposing  it  for  a  few  seconds  to  the  vapour  of  bromine, 
or  of  chloride  of  bromine,  so  as  to  obtain  a  mixed  \\\m  of  iodide 
Hud  bnmiide  of  silver,  or  of  iodide,  chloride,  anti  liroinide  of  silver. 
The  process  thus  was  rendered  applicable  to  portraits,  and  the 
ofveration  could  be  accomplished  in  as  many  seconds  as  it  before 
required  minutes.  The  usual  practice  now  is,  after  having  ob- 
tained an  orange-coloured  lilm  by  exposure  of  the  silver  plate 
tu  the  vapour  of  iodine,  to  expose  it  to  the  fumea  of  bromluo 
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I'roin  broruide  of  lime,  nntJl  the  film  a^i^nnies  a  wii>e  e«»!(wr; 
after  which  it  h  a  skmiicI  time  rettimo<i  to  the  iodine  Wis  for 
:i  prri  h1  rnuiil  to  oue-thir«l  (A'  tlmt  «»ci.nijvietl  hy  thfi  tir?!  ujtiimg;. 
'I'll*'  lA.ilf  is  then  exfH.>s«d  in  the  vatnera,  aJWr  which  it  is.  mei> 
curvBliJSed. 

In  onlur  tn  fix  these  itietures,  Dagtierre  employed  a  ?olnri(!0 
of  hviKKiiilphite  uf  scKlimii,  ami  then  washe<l  the  yVdle^  witli 
vvfttfr.  The  crt'oot  til*  the  1  >ti£rucrro<«f vjte  may  he  mncti  iniimtvoj 
hy  |^ildin;jj  thi'in  hv  tiiP  pntc^'rih  of  Flzcau;  they  are  thus  rwrAT*^ 
le^  liubln  to  meirlmnitjril  iiijun-,  mtd  ii  richer  and  warruer  i^ffe^i 
18  tfiven  to  the  itiipixstjiort :— I'ur  this  purpose,  1  part  of  Qeotd 
ehfuriik'  uf  pild  tiiid  ?,  pnrt«  (»1*  hyihtsiilphite  of  «xlium  nm  b| 
di£ks<.>!%'inl  in  r>ii()  part*  of  wsiter:  the  plwte  having  Iteen  placed  B 
a  horizontal  t><>siti<>n.  is  to  be  c<>tnpl<--tL'ly  covt-re«J  with  a  anul 
•{uniilily  of  tliiri  liquid,  and  the  pint!'  is  he-ited  hy  a  large  spirij 
Irtinp  flame  until  stiihU  Imhbles  ripiiear  on  its  i&iirfaoe,  A  tk^ 
Hhn  of  reducetl  jfnld  is  fliravrn  down  all  over  the  picture,  aal 
hy  tlii*  i.ijKTHtion  flu-  ghlll|(>w^i  sire  dt'e[«.*ne<i  and  the  H}»hts  r^ 
dered  more  brilliuiit.  Finully.  it  must  be  waihe«J  witli  dktil 
water,  drained,  anil  dried  hy  the  appUi^itiua  of  a  gentle  heal ' 
the  Lmck  nf  the  plate. 

The  folIowiiKi;  th»:^^y  may  he  offered  in  explarmtioo  of  1 
changes,  which  oecurduririig  the  |irndiietion  of  the  n:uriierrieolT_ 
ima^e  : — Under  the  itiflnetice  of  lijilit  the  sniJertieiiil  hirer  d 
iodide  of  silver  is  nuKlitied  istj  as.  to  nmder  it  susecptihle  of  deoiio 
position.  Wien  the  platj?  is  aettni  nj>on  bv  the  meivtirial  va|i.>uti 
the  iijdine  is  drivL*n  to  the  <lee[ier  hiver  of  silver,  and  a  fiiin  "i 
&ilver  is  lilN?rated  upon  tlie  rturtuce  of  those  parts  whieli  have  he^i 
expoised  to  the  action  of  liifht,  the  thickness  of  this  Hhn  vsurina 
with  the  intensity  and  duration  of  the  lis^^it.  The  reduced  s^ilre* 
combing!  with  the  mercury,  and  a  fitni  of  silver  amal^m  ia 
formed,  wliicli  varies  in  thiekne;^  with  thetliieknesg  of  the  ^ilvei 
film,  in  coti^iiuenee  of  which  tlie  n*tlected  tints  dilfer  at-cordin* 
to  the  varying  thickness  of  this  tihn:  tlioi«e  parts  of  the  iiKiizefl 
plate  which  have  not  been  ex{w*sed  to  the  lio:ht,  of  e«>ni*sie  dii  not 
combine  with  the  mercury.  At^er  tlie  plate  has  l>een  treated 
with  hyposulphite  of  sodimii,  the  excess  ot  iodide  of  silver  is  t^ 
moved,  and  the  blacks  consist  of  metallic  silver.     Experiment 

£  roves  that  tJio^ie  parts  of  the  {date  immediately  beneath  tlw 
ighest  light*  are  more  dei^ply  eitrnKled  than  the  otheiii,  hy  th« 
action  of  the  iodine  which  htus  hecii  driven  inwards  during  tJw 
process  of  merenrialization. 

In  complete  accordance  with  the  foregoing  ex|>lanation  ift  i 
curious  fact  firsst  pointed  uut  l»y  ilr  Shaw,  that  if  a  plate  after  il 
has  received  tlie  impression  in  tlie  camera,  hut  befttre  it  ha*  beet 
mercnrialized,  \jo  exjiosed  to  tlie  vapour  of  iodine  or  of  bnwiin( 
for  a  few  seconds,  the  image  is  completely  effaced,  and  is  no  loiigei 
producible  by  mercury. 

The  surface  of  the  jilate  is  rendereil  uneven  by  the  oomhi' 
operation  of  light  and  mercury  up<.»n  it,  60  that  it  admitis  ofb<f 
:op\ed  by  thn  process  of  electrotyping  (2lta).     Impre6eiou« 
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»nper  have  been  printed  from  an  etclied  Dai^nerreotype  plate,  the 
litinif-iu  being  jn'odueed  by  diluteil  nitric  aeiil.  whirli  attacks  the 
badows  (the  reduced  silver),  and  leaves  the  lights  (the  amalgam) 
mtonched. 

(1023)  Photographic  Action  of  the  Pri*maiic  Spectrum. — If  a 
(lire  solar  specti'uni.  obtained  by  means  of  a  j)rii?m  and  lens  of  flint 
[lass,  be  allowed  ti»  fall  ii]>on  a  ^heet  ot'i*enbitiv(.'  paiK?r,  ]>repared 
(V  washing  it  over  first  with  coinTiioii  salt,  and  then  with  nitrate 
if  silver,  it  will  be  speedily  apiiareut  that  the  cbesiiical  action  is 
lot  unifonnly  distriimted  over  the  luuiiuous  image.  The  luaxiumiu 
ff  light  falls  in  the  yellow  ravri  about  Fraunhofet'*  line  d 
fig.  3(57),  whilst  the  maximum  of  chemical  action  occure  in  the 

FlO.  3G7. 
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Hue  portion  of  the  spectrum,  near  the  line  o,  about  one-third  of 
he  distance  between  it  and  tiie  line  it.  The  blackening  efi'ect 
ixtends  nearly  a*  tar  a?  f  in  the  green,  whilst  it  is  prolonged  l>e- 
'ond  the  violet  end  of  the  .spectrum  to  a  distance  nearly  etjual  tn 
wn-thirds  of  tiie  leiiirth  of  the  luminous  spectrum,  the  chemical 
iffect  gradually  .->hadiiig  off  until  it  Iweomes  iuipcn-eptilde;  the 
naximum  p«iiut  t>f  action,  liovvever,  varies  with  flie  prei>anition 
rhich  is  used.  When  the  TaUmtype  iodized  pajHM-  i.-^  employed, 
he  maxinmm  blackening  is  found  on  the  extreme  hmit  of  the 
iolet  rays.  Where  the  bromide  of  silver  forms  the  sensitive  ma- 
erial,  the  chemical  action  is  prolonged  towards  tlie  re<l  rays,  and 
he  greater  part  of  the  im]>rcssiou  i?  of  a  uniform  grey  black. 
IThen  pajier  WeU-ilied  with  chloride  of  gold  is  eni[)loyeda.s  the  sen- 
itive  surface,  the  maximum  i-ttVct  is  produced  between  the  green 
Jid  the  blue  rays,  and  t!ie  chemical  action  does  not  exteml  be- 
'ond  the  violet  extremity  tor  more  than  half  the  ili.^tunce  over 
rhicli  these  clfeets  are  produced  upon  the  salts  of  silver.  In  fig. 
t67,  1  represents  the  space  oeciipierl  by  the  hnninous  spectrum  on 
vliite  paper;  2,  the  same  spectrum  thrown  on  a  tlu<jrescent  screen, 
nz.,  turmeric  paper, — by  which  it  is  rendered  visible  almost  to 
he  extreme  limit  of  chemical  action  ;  3,  the  chemical  spectrum 
in  bromide  of  silver;  4,  the  Talbotype  spectrutn.  lierschel, 
lunt,  and  E,  Bee«juerel  have  each  succeeded  more  or  less  per- 
ectly  in  obtaining  ctdourcd  innprcssions  of  the  sjiectrum  upon 
ihloride  of  silver,  but  they  have  been  unable  tu  lix  Lliem.  Her- 
chel  {Phil.  Trans.  1840,  p.  Vi)  says  that  the  impression  ''  was 


WkfTHTB  ePACKB  W  TSB  BPlWTKtrit. 


foiin<1  to  be  coloured  wkh  sombre  l>tit  une^Linivocal  tint*,  biit^kg 
tiuwf  of  the  speetnim  itself.*'  The  coloration  commenced  in  tlie 
c»niii|^o  niys.  Bt'cquerel  appears  to  have  obtained  more  brilliiuit 
euloui-j!  by  employing  a  plate  of  silver  which  ha<l  been  supefi- 
citiUv  converted  in  to  sub-cliloride  by  immersing  it  in  duBted 
livdroclilorie  acid,  and  then  making  it  the  positive  plate  of  a  vut- 
tt'iic  buttery. 

linrctivn  ppaces  occur  in  the  cheraic?*!  Bpectrnm,  which,  » 
BtMNjucit'l  and  Bfaper  have  shown,  correspond  exiietly  with  thoee 
which  are  found  iu  the  visible  epectnim  ;  but  they  extend  »b«i 
into  the  prolongation  beyond  the  violet  extreniitv,  asd  occiif 
there  in  great  nuiuber.  These  tixed  lines  may  be  obtained  njnw 
TalbotyjK':  paper,  or,  still  better,  upon  a  surface  of  coUcMiiiM,  in 
the  following  njanuer  ;— 


J* 


T-t't  r,  e  (figt  3fi8),  represent  &  eainera  which  allows  of  a  ooo' 
fiider;il)le  range  of  adjustment ;  *  is  a  small  slit,  adraittin^  «i 
adju-^hiient,  but  n^^uatlv  prcsicntiiig  a  width  of  about  0*I>1  inrfi, 
tfiroiiirli  which  abeam  of  solar  or  other  light  is  either  transmiltcd 
directly,  or  is  reflected  from  a  heliiwtat,  or  trom  a  steel  mirror ;( 
is  a  quartz  lens  of  from  15  to  30  inches  focal  length;  j)^  &  quani 
prism,  the  axi.-^  of  which  is  perpendicular  to  the  axis  of  the  cry^ 
till,  and  llie  refracting  faces  of  wliich  are  worked  so  as  to  cut  llie 
optic  axis  of  the  crystal  at  eqxial  anglcss.  The  lens  and  pristu 
may  indeed  be  made  of  glass  free  from  stria?,  but  for  accurate  ob- 
servation they  must  be  eoiistrneted  of  rock  crystal :  the  distanca 
of  the  len:f,  /,  from  the  slit,  g,  is  equal  to  twice  ita  focal  leii^li. 
If  tlie  jjrism  be  placed  so  as  to  produce  the  minimum  dettiitioii  "1 
the  ray,  and  as  close  to  the  lens  as  can  he,  a  sj>ectral  image  of  tlie 
aperture  will  be  formed,  and  may  be  received  upon  a  sereeii 
placed  at  its  great  a  distance  bchimi  the  lens,  /,  as  *  is  in  front  uf 
it.  All  tlie  coarser  lines  of  the  visible  Rpectrura  may  be  traof»l 
by  the  nnaided  eye,  when  the  spectrum  is  received  on  a  screeu  ^^*1 
gronnd  gla.ss;  and  if  a  sheet  of  turmeric  paper,  or  a  block  of  tcl- 
low  uranium  glass,  be  need,  many  of  the  lines  beyond  the  violrt 
B.Te  also  rendered  viaible:  by  eubstitiiting  a  «ensitivc  surface,  *ueli 
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18  collodion,  for  the  screen  of  wliite  paper,  a  faithful  copy  of  the 
acre  refrangible  portion  of  these  lines  may  be  obtained. 

(1024)  It  is  remarkable  that  the  chemical  rays  are  identical 
^tn  those  which  pr6dace  fluorescence  (110).  If  the  solar  rays 
»  transmitted  through  a  layer  of  a  concentrated  but  colourless 
lOlution  of  sulphate  of  quinine,  or  one  of  sesculin  in  ammonia, 
rat  little  extra-spectral  prolongation  of  chemical  action  is  pro- 
luced  when  this  light  is  allowed  to  fall  upon  a  sensitive  surface. 

Again,  if  the  solution  be  removed  and  the  spectrum  be 
received  directly  upon  a  screen  of  yellow  uranium  glass,  or  a 
ard  coated  with  a  particular  phosphate  of  uranium  (Stokes, 
Phil.  Trans.  1862,  p.  602),  a  visible  prolongation  of  the  cliemical 
•ay,  crossed  by  dark  lines  or  inactive  spaces,  is  at  once  rendered 
isible. 

By  varying  the  source  of  light,  the  chemical  powers  of  the 
pectnim  are  varied  also.  The  chemical  action  of  the  flame  of 
he  hydrocarbons,  however  intense  the  light,  is  but  feeble ;  that 
f  the  lime-light  is  much  more  marked,  while  that  of  the  electric 
ight  between  charcoal-points  greatly  surpasses  either ;  and  these 
esults  coincide  exactly  with  uieir  relative  pow'er  of  exciting  the 
►henomena  of  fluorescence. 

The  chemical  rays  emitted  by  luminous  objects  vary  greatly 
>oth  in  quantity  and  in  quality,  some  sources  of  light  emitting 
ays  of  much  higher  refrangibility  than  others.  Tor  example, 
he  flame  of  ordinary  coal-gas  burned  in  admixture  with  air,  so  as 
o  produce  the  blue  light  of  a  smokeless  gas  flame,  gives  out 
carcely  any  rays  capable  of  affecting  an  iodized  collodion  plate  ; 
vhilst  the  same  amount  of  gas,  burned  in  the  ordinary  manner 
or  illumination,  emits  a  very  decided  though  limited  amount  of 
•ays  capable  of  producing  chemical  action.  The  rays  emanating 
rom  the  intensely  hot  jet  of  the  oxyhydrogen  flame,  are  nearly 
dthout  action  upon  a  sensitive  surface  of  collodion ;  whilst  if 
hrown  upon  a  ball  of  lime,  though  it  certainly  is  not  hotter  than 
he  burning  jet  of  gas,  the  light  then  emitted  contains  as  large  a 
>roportion  of  chemical  rays  as  the  solar  light,  and  of  very  nearly 
he  same  refrangibility.  But  the  most  remarkable  source  of  the 
ihemical  rays  is  afibrded  by  the  light  of  the  electric  spark  or  of 
he  voltaic  arc,  the  chemical  spectrum  of  which  is  three  or  four 
imes  as  long  as  the  chemical  spectrum  obtainable  from  the  sun 
tself. 

(1025)  Photographic  Tran^^parency  of  variant  Media. — 
Amongst  the  methods  of  testing  the  extent  of  chemical  action  of 
.ny  given  radiant  source,  the  most  convenient  is  that  which  is  de- 
>endentupon  the  extent  of  photographic  eft'ect  exerted  uponasur- 
ace  of  collodion  coated  with  iodide  of  silver,  on  which  the  spectrum 
a  allowed  to  fall. 

In  no  case  does  it  appear  that  any  non-luminous  source  can 
smit  chemical  rays  of  sufficient  intensity  to  traverse  ordinary  re- 
racting  media ;  and  amongst  the  rays  given  off  by  various  lumin- 
)UB  obiects,  it  is  found  that  the  chemical  eflfects  upon  the  coll<>- 
iion  plate  are  not  perceptible  in  those  portions  upon  which  the 
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first  tbrce-fohrtlis  of  the  visilile  sptH?truii»  hi»s  ''  "       ' 
jiience  jiowcrfiilly  in  the  lust  fourth  ;  ami  in 
trie  spark  are  |tri>h>iisre(l  to  au  t-xtent  equal  to  U.iiw»«*iii  ivu 
five  times  the  k«iij;lh  uf  the  visible  portiuu. 

lu  the  prosecution  uf  same  inquiries  upcm  tlio  i 
6i>ectra  of  the  metals  iu  which  tlie  author  was  cuga^ 
diy^ideratum  to  procure  some  substancft  which  fihouM  im« 
liigher  dispersive  power  than  quartz,  and  which,  wliiUt  av< 
the  double  refraction  of  quartz,  shouKl  vet  allow  the  free 
of  the  chemical  ravs.      lie  was  heni-e  led  to  trv  »  vanet 
Btances  wliioli,  ownig  to  their  tranpparency  to  light,  luiirl 
ably  be  hoped  to  possess  eheinicul  lrans[)areney  alfto  :    for' 
it  was  known  to  those  who  have  studied  the  spectriuu,  thol  i 
ourlesdflubstancefi  besides  glass  exert  an  absorptive  action  a 
of  these  chemical  raye,  the  subject  had  not  Litherto  re<«rt 
careful  experimental  examination  wliieh  it**  iu){M)rtunco  wa 

The  inquiry  Hoon  extended  itself  beyond  the  tiniit.s 
proix>sed,  and  ultimately  einl»raced  a  large  nutiitwr  of 
the  solid,  liquid,  and  ga^ieou*  eotiditious  i/*A//.  Tranjf. 
861).  The»e  experinienfcj  sho^-ed  tluit  although  rtx-k- 
gpar,  water,  and  some  few  other  sul;*taiices,  are  altuaet 
ntc  (or  chemically  transparent)  a*  iiuaitr,  none  of  tbt 
could  be  advantageously  6ul)&tituted  tor  quartz  in  tltecMJi 
of  the  prisms  and  lensos  required  in  tho  iiivustigaUoDB 
lie  was  engaged. 

Among  the  most  remarkable  renultA  upon  the  phott 
transjiarenev  of  boilies  are  the  folK>wiiig  : — 

1.  Coluurleif*  soliil*  wliicli  are  etiunlly  transparent  to  ihcj 
hie  rays,  vary  greatly  in  permeability  to  the  cheiniiral  rayj 
dies  which  are  photograiihieally  transparent  in  tho  so|' 
preserve  their  tran-^jtarenc}-  in  the  li(|iii([  an<l  in  thopi^!»jj 
3.  Colourless  tran'?|iaivnt  solids  whu-h  al*orb  tlje  phntt 
rays,  {>reserve  tln-ir  absorptive  action  with  greater  or  le« 
ty  both  in  the  litjuid  and  in  the  gaseous  states.  4.  I*iir»»' 
photographically  traufpsu'ent,  8o  that  inaiiy  c.  t| 

not  be  obtained  in  the  solid  form  stitKciently  ; 
experiments,  may  !>«  subjected  to  trial  in  solution  in  water. 

The  mode  in  which  the  exjwriments  wen-  .-. •■.!..■' 
following  : — The  source  of  light  employed  %n 
obtained  between  two  metallic  wires,  generally  "i  i 
at  e.  Fig.  StiS.  and  connected  with  the  tenitiniilK 
vires*  of  an  indiiction-«'oil,  into  the  priir 
introduced  a  condenser,  and  into  the  .- 
Leyden  jar.    The  liijht  of  the  sparks  was  then  alio 
tlie  vertical  slit^  eitlier  Ix'fore  or  aOer  traver*!"" 
of  the  material,  <f,  of  which  tho  electric  tra 
tested ;  the  tntnsmitted  light  was  then  ]■' 
prism,  placed  at  the  angle  of  njininimn  < 
Oehind  this  was  the  lens  of       ' 
able  distance  the  sjtoctrnm  ^^ 
of  coUuOauu.      Tb«  li«|uid»  uuder  trial  vtvtv  uvuUiiticti 
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Ifiss  w>ll  wfth  qnartz  fnec*,  iV>nni7ig  a  stratnm  0"75  I'nHi  in  tliick- 
JA6,  wliifh  \VH8  tpiivcTt^L-d  l»v  tlio  Piiys  :  gni^es  and  vajiuurs  were  in- 

)ducc<i  into  tubes  2  left  long  i-lot^ecl  at  tlit-ir  extroinitios  with 
tin  ]>lati's  tif  polished  quartz.      The  following  tablcb  exhibit  the 

lative  diactinic  power  of  a  few  of  the  vnriouB  solids,  liquids,  and 
and  vajxiurs  subjected  to  ox]ierinient. 


PlIOTOGRAPBJC  TbaNSPAUBXCT  OP 


crystal 74 

74 

Lioi^-spar .74 

pf»z 65 

1{-Ball 63 

•por 63 

I  of  mugnesium.  .62 

62 

uond. 62 

nido  'if  pntjisaium   .  48 

In'  in.)... 20 

um 18 


UquUi,  0-T6  In. 

Water 74 

Alocihol 63 

Pdleh  liquid 36 

Chlorofonu 26 

Beuzol 21 

Wood-spirit 20 

Fou»eloil 20 

Oxulic  ether 19 

0  Ivcerin IS 

Etiior 16 

Acetic  acid 16 

Oil  of  turpentine 8 


(Oiiu,  ,11.) 18    Bisulphide  of  carbon 6 

itrat«  of  potassium. ..  ,16    TcrcLloridu  of  aracuic. .  .5 


I  Gaiei  and  Tapoon. 

Oxygen 74 

j  Nitrogen 74 

I  Hrdrogeu . .  .74 

I  Carbonic  anhydride. . .  .74 

jOleflaut  gas 66 

MuTsh-gna 63 

Hydrochloric  acid S5 

Coal-gas 37 

I  Benzol  vapour 35 

Hydrobroinic  acid 23 

Jlydriodic  add 16 

Sulphurous  unltydride.  .14 
Sulphuretted  liydrogen .  1 4 
Air,  O'l  in.  pressure ...  74 


The  [>hot<^grapluc  image  ol>tained  upon  the  collodion  plate  eom- 
lenced  ineaclicase  at  tlif  8anjej)uint  of  the  :ipectruni  eorrespond- 
\g  "with  a  spot  a  little  niore  refrangible  than  the  line  o.  Calling 
le  line  n  100,  and  unuil>ering  l)a«'lcward8  for  the  less  refrangible 
lys,  the  line  b  being  at  S4,  the  coiumencement  of  the  photograph 
I  each  e»ise  is  at  y6'5j  and  the  e.vtreiue  limit  of  the  most  refran- 
ible  mys  170*5. 

Eacii  photograph  was  obtained  under  circumstanee-s  varring 
ilv  in  tlie  nature  of  the  transparent  medium  through  whirli  tlie 
IV6  of  tlie  spark  from  tlie  silver  points  were  made  to  pass,  liefore 
ley  were  allowed  to  fall  upon  the  eollodion  plate.  When  absortv 
on  occui"s,  it  id  almost  always  exerted  upon  the  most  refrangible 
i.yB ;  but  in  the  ease  of  the  coloured  gases  and  vapours,  chlorine, 
■omine,  and  iodine,  the  absorption  ditlers  from  tlie  ceneral  rule, 
id  is  l.iy  no  means  proportioned  to  the  depth  ot  colour.  A 
dumn  of  chlorine  witli  its  yellowijli-green  colour  cuts  ott'  the 
,y6  of  the  lesd  refrangible  exti*emity  through  fully  twothirds  of 
le  spectrum;  the  red  vapour  of  bromine  cuts  ofl"  about  one-sixth 

tlie  length  <.f  the  spectrum,  the  atisurbent  action  being  limited 
the  lew  refrangible  extremity;  whilst  the  deep  violet-cob>ured 
ilMjurs  of  iodine  dlow  the  U>fi.s  refningible  rays  to  pas*  freely  for 
e  tii-st  fiiurth  of  the  s))ectruiii;  then  a  considendile  absorption 
fciir*.  and  ai>envards  a  feeble  renewal  of  tlie  photographic  action 
exbiliitod  t<»WHrds  the  more  refrangible  end. 

In  these  experiments  minute  attention  to  the  pnritv  of  the 
ibetances  employed  is  indispensable:  traces  of  foreign  substances 
appreciable  to  onlinarv  modes  of  analysis  occasionally  reveal 
leinselves  bv  their  absoqitive  action  on  the  chemical  rays. 

Aniong  tlie  various  compounds  submitted  to  examination,  the 
loridi^.H  are  chemicilly  the  mivat  transparent;  then  follow  tho 
iloridt^  of  the  metals  of  the  alkalies  and  alkaline  eartlis  ;  the 
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brmiiides  are  less  diactinic,  and  the  iodid«>   ^ 
diinimition  in  this  resitect.     Tlic  ffroup  moit  «?ii 
altsttrutivc  power  is  the  iiitnitoa.    Nitric  aoid.  '. 
6(tlv'i.'<l  ill  water,  or  romliiiied  with  buses,  Irts 
ttrresting  the  chemicul  rays ;  the  les^  rotr.ii 
miti  freely,  but  intercepts  the  spectniin  abn  , 
whnt.ever  salt  be  employed,  provided  the  bni*o  lie  • 
chlorates,  it  inav  be  remarked,  are  strongly  diactiiiM 

Glass,  even  in  verj'  thin  layers,  aWrlxi  the  whole  of  the, 
refniTigilile  niys.* 

r)iae.tinic   bases,  when   united  with   diactin!<«    ttc\A*, 
furnish  diactinic  salts ;   I»ut  snch  a  result  i> 
eilicftt^s  are  none  of  them  an  transparent  oa 
firm  of  rock  crvBtal.      Aecaiti,  hydrogen  is  i-i 
and  iodine  vapour,  notwithi^tanding  its  deep  vi...^.  ,  ■■,.■.,, 
largely  diactinic ;  but  hydvi<tdic  acid  ifA»  i$  ^rvntly  iiiforic 
either  of  tliem. 

The  eanio  siihstanoe.  however,  whatpvpr  may  lie  it«  pi 
form,  whether  nilid,  Ilipiid,  or  {riifiMJUs,   i- 
no  chemically  oprttpie  nolid.  though  traiwi>;> 
transparent  photoifrapliically  by  lirpiefactioii  or  vol.i 
no  trjinsparent  solid  being  rendered  chi-inicully  Mp;i  j  . 
of  form.     Hence  it  is  obvious  that  this  opseity  or  tmiu'f 
18  intimately  connected  with  the  atomic  or    '    -  =     i     ' 
the  bo<ly,  and  not  merely  with  its  stato  of 
the  absorption  of  the  chemical  rays  va' 
gases,  which  therefore  in  their  action 
effects  upon   radiutit  heat,  yet  those  gHst-b  \v) 
of    heat    most    powerfully  are    often    highly  i         , 
chemical  rays,  as  is  seea  in  the  case  of  aqueouB  vapour,  nf  i 
l)tmic  acid,  cyanogen,  and   olcfiaut   gas,  all  of  which    are 
pound  substances,  not  chemical  elements.     Compounds  as 
yound,<i  do  not  appear  to  a<rt  more  energetically  as  ah-u>rb«iit« 
simple  bodies. 

The  abrupt  termination  of  the  r\\< 
is  remarkable  :  in  that  case  the  al)sori  i 

to  the  permanent  gases,  but  to  the  vajRiure  of  benzol,  and  0( 
heavy  hvdrocarbons  tliat  it  contains. 

In  tlie  case  of  reflection  from  polished  surfaces,  Uic  HK 
were  found  to  var}-  in  the  quality  of  the  rn      r  ■'     -    ' 
lead,  althuugh  not  the  most  brilliant,  retlc 
nu»re  uniforndy  than  the  brilliant  white  tniil;M;ti<.  of  silver 
6]>ecnlum  metal. 

*  A  hasty  consideration  of  those  expoHmonts  mipht  Vm*  to  thf  prm.-?tii 
lenses  of  qiinrti.  or  of  water  enolo»e<l  in  'r 
gliiss  io  ordinary  use  by  tlio  pliuluirnipliir, 
Torv   transparent  to  the  I.        r    '  ' 

litvond  tho  violet  end  of  r  I 
n  iii«  the  ri">il  '■ni\  :'f  (l.ii  a  . 
aliundant 
rays  of  n   ; 


res 


riKiTOORATHIC    SPECTRA   OF   THE 


lie  l"<.'\»ii<l  that  the  ve;^taV)le  alkftloirU  am'    ' 
Blraost  without  excoptioti.  intensely  4i]t;ujni'  l 
invisil)le  rays,  iiltst»rbinL;  tht>in  with  an  ei\< 
most  jiart,  to  that  witli  which  colouring  m 
minitlor,  ahs..rh  the  visihln  rava.     The  iiukIo  ■ 
generally  hip;hly  characterifitic  of  eaoh  .•..•m... 
very  flitlerent  in  the  same  body,  ac^coi 
aci»l  or  HU  alkaline  S(tlnti<»n,     In  thi-  «  \:unii 
•with  iiarallfl  faces  of  quartz,  or  soinctimci^  a  ■ 
with  it-i  inrlined  faces  als.o  of  quartz,  v. 
being  filled  with  tlie  solvent,  water,  dilui. 
or  alcohol,  «fec.,  a  minute  quantity  of  the  (^ul»f»tuiice  nnderJ 
introduced,  and  the  aU^^rptive  effects  exerted  are  w.irrhii 
enbstanee  gradually  uiiderj^oes  ftolution.     Fig.  3*; 
goinj^  page,  is  taken  from  Professor  Stokes*  p8])er.      i 
of  aluminum,  zinc,  and  eadmium,  arejttiven  as  {Mtintfi  of  i 
the  Itorder  on  the  left  ir»  the  limit  of  the  re*l 
screen.     The  dotte<l  line  in  the  figure  for  ■.• 
commeucGinent  of  the  fiuore^iccnee,  whicli 
G  of  the  solar  .sjH'etrum,  the  luminous  jh' 
extend  beyond  the  termination  of  the  fii-^^t  jxirtion  - 
of  j>ii>erlue.      Profedijor  Stokes  remarks  thflt   '■' 
eliamni;  merely  re]>res<;mts  the  ijenend  effW't,  ti 
mination  nut  havrnj;  been  resist ere<l ;  and  n\ 
parts  of  the  maxima  of  t ran Kp»irency  are  left  v 
IS  almost  always  s<ime  alisorjition.     The 
kalies  on   the  ijlucosides  presents  one  un 

{>reviuusly  neutral  solution  is  rendered  alkaline,  the  alu 
>egins  somewliat  earlier,  when  rendered  acid  somewhat  late 
in  a  neutral  solution. 

(lo2»'i)  PhottMjraphic  Sprcira  of  the  Elanenttt. — ^Eqi 
resting  are  the  results  obtjiined  by  examininsr  the  fipftrn 
by  varying  the  nature  of  the  metallic  < " 
terminals  to  the  secondary  wires  of  the  in-i 
Wheatstotie  showed  tnany  years  ago  that  the  visii)le  >-yec\ 
each  metal  is  jierfectly  characteristic  when  eiectro-iiKiz-nitici 
are  transmitted  l)ctween  two  surfaces  of  the  met 
found  that  the  game  thing  is  equally  true  ol  the  iii'.  irn.n.' 
of  till?  spectrum. 

Even  the  yariou* gaseous  media  beconi' 
the  jut'^dgc  of  the  electric  spark,  that  tin 
epectra,  eacli  of  whicli  is  eliaracteristic  of  the  1" 
it;  an<l  when  the  electric  disclnuge  of  the  seco- 
intensitied  liy  use  of  the  Levdcn  jiir,  the  sparks  n<t 
the  spectra  <lue  to  the  metals,  but  to  the  gaseous  m. 
the  electrodes  are  immersed;  so  that  a  mixed  Bpe 
suit.     The  spectra  i>roduced  by  the  metals  are  cli 
bands  of  which  the  extremities  only  are  visible :  wbi 
epectrayitdd  eontinuoujj  linen  which  travc 
tue  spectrum.     When  a  couqKiund  gas.  i«  i' 
electnc  d\acl\vvrge,  tlie  spectra  produced  are  tiiouc  ol  lite  vU 
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tary  components  of  the  gas.  It  seems  as  though  at  these  intense 
teTiij>crntiire,«  chemical  combinations  were  impossible ;  and  at 
tempci-aturt'B  si*  intenee  as  those  obtained  in  the  vultuic  arc,  oxygen 
nnd  hydrogen,  clilnriiie  and  the  metaU  probably  all  coexist  in  a 
separate  form,  tlnnigli  mechanically  intermingled. 

Tlie  spectrum  priKliiced  by  the  ignitii)ii  nf  a  solid  or  a  liquid 
Iways  ytchJii  a  coutinuuiis  banil  of  light,  containing  rays  of  all 
rfiiKrcts  of  refnirigibility  :  hnt  the  r^auie  body,  when  converted  into 
i-vapour,  [iroduccrt  a  spectruni  coiisintuig  of  a  series  of  bright  bands 
if  particular  colonni.  separated  from  eiicli  other  by  inten'als  more 
orb***  completely  dark,  coLi'ii-ed  gai^eoui?  bodies  emilting  rays  of 
certiiin  detinite  refniiigibiliti«s  only. 

From  file  striped  diaractcr  f»f  the  t)hotographic  ppectra,  it  is 
obvious  that  the  vi]>rations  are  emitted  from  the  dilfereiit  metals 
in  the  form  of  va]Mjur,  and  not  merely  in  that  of  <lctaclicd  parti- 
cles projected  IVom  the  electrodes  by  disruptive  distfharge. 

This  observation  may  give  some  idea  of  tlie  intensely  high 
temperature  attained  by  the  spark ;  since  it  is  olwerved  that  the 
higher  the  tempera tiirc,  the  more  refrangible  are  the  vibrations. 
"NN'e  are,  indewl,  funiif-herl  in  this  case,  witn  a  rude, but  still,  under 
the  circumstances,  with  a  valuable  pyrometric  means  of  estimating 
these  c-xalted  tem]>criitures.* 

Fig.  370  exhibitri  a  few  of  the  species  of  the  metals  obtained 
by  tlie  secondary  spark,  contrasted  with  the  solar  spectrum  trans- 
mitted through  the  same  lens  and  prism  under  similar  circum- 
8tanccs :  tlie  spectra  of  oxygen,  nitrogen,  chlorine,  and  carbonic 
acid,  produced  by  sj>arks  from  pliitinum  points,  are  also  given  in 
Fig.  371.  Platinum  has  but  a  fccbh'  spectrum  of  its  own  ;  and 
it  does  not  appear  in  the  spet^tra  given  in  this  tignre. 

(1027)  hriindlon  of  (.'hemual  Iiuy«. — Bunsen  and  Roscoe 
{^Phil.  Tran*.  1857,  601)  have  made  experiments  upon  the  ali- 
Borbent  power  of  chlorine  upon  the  chemical  rays  which  affect  the 
conihination  of  a  mixture  of  chlorine  and  hydrogen.  They  find 
that  when  light  passes  through  a  medium  in  which  it    excites 

*  To  give  an  illustxation  of  the  node  of  applvmjr  the  oh^erration: — The  hottest 
iriod-turnnre  of  ordinarr  constniolion  yields  a  teriijxTiitiire  proliabl.r  not  niudi  ex- 
ttiK  451)0'  F.     By  calculatious  founded  upou  the  aiiiouiit  of  heat  asoortained   by 
wa  and  others  lo  bf  omittt-d  during  tiie  conibuc"tiou  of  a  uiven  weifflit  of  liydro 
id  the  experiments  of  Rejniault  upon  ihe  spcL-ific  hoat,s  of  oxygon,  liydrogen, 
I  It  has  beoTi  whown  by  Bnusen  that  the  tt-raperature  of  the  oiyhydrogen 
ot  ?xci.>e«l  14,580"  F      If  liioo  or  sulphate  of  mn|fut^sia  be  intioduecd  into 
V"  '  ri  jet,  these  incoinbistible  luaturiaU  cannot  be  lieatod  by  the  biimin)} 

T  point  than  1I,(JOO'  F.,  but  ^he  spectniobtaiuod  from  those  iucandcs- 
bDuii."  I   iDimd  to  coiucidc-  in  Ihoir  pbotojtraphic  loni?tb«  with  that  of  tho  solar 
ra     Hence,  the  temperature  of  the  ^un  may  be  upproiimatively  estinuitod  to  bo 
iuher  than  tliat  of  llie  oxyhyJrogon  llmoo.     It  Pirtaiiily  appears  to  t)«  far  l>elow 
at  of  tho  electric  spwrk.      MagTiesiuni  in  the  electric  spark  nives  a  remurkably 
iitroni>  band  ju?t  beyoud  the  litnii!)  of  the  solar  speutrum.      Now  ma^eshim  ia 
•a  ck-arly  ])roTed  to  exist  in  the  aolar  atmosphere  as  any  elenieut,  if  wc  be  ud- 
ittiHl  to  have  any  snich  proof  at  all.      But  unless  a  very  lon^  column  of  nir  be 
'     it  action  not  exhibited  in  shorter  ones,  it  ie  difflcult 
temperatiirf   jf  tlio  solur  nttnospliere  is  below  that 

...     , .,  inoamucli  as  the  special  baud  which  ehaructoriz«« 

■iiUB  at  a  bigii  temperature  in  the  electric  gpiu-k  is  wanting  in  the  solar 
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13"644  inclies.  Bat  when  a  mixture  of  equal  volntncs  of  chlorine 
and  hydn^fjen  was  used,  the  depth  of  the  mixture  whit-h  was  re- 
quirtM^  to  reduce  the  chemicftl  effect  of  the  light  to  one-tenth  of 
it-  i]  intensity  was  only  9'212  inches:  hence  it  a]»]iearstlmt 

a  ■  quantity  of  the  active  rays  are  ab8orl>e<l  durinjs;  the  pro- 

duction tif  u  given  chemical  effect. 

With  light  from  different  sources  analogous  results  were  ob- 
tained, hut  the  amount  al>sorbed  was  found  to  vary  with  tlic  source 
of  the  light.  For  instance,  the  diffused  zenith  light  of  a  cloud- 
less sky  in  the  moniing  was  reihiced  to  one-tenth  of  its  inteusity 
by  lission  through  I'TS-i  inches  of  chlorine,  and  through 

S"  ■  ics  of  amixtnre  of  chloride  and  hydrogen  ;  the  absorbent 

action  of  chlorine  upon  the  chemical  rays  of  diffused  dayli^rlit  be- 
ing much  more  energetic  than  on  those  emitted  by  burning  coal- 
gns.  Observations  made  with  evening  light  showed  tiiat  a  depth 
of  0"776  inches  of  cldorine  was  sufficient  to  reduce  the  chemical 
power  to  one-tenth  of  that  possessed  by  the  incident  light.  The 
relative  thickness  of  the  stratum  of  chlorine  rermired  to  produce 
an  emial  reduction  in  the  chemical  power  of  tJie  incident  light 
was  tnerefore  the  following : — 

InobM. 

A  flame  of  joal-gne 6-82t 

itofieoted  teaith  light  (morning^. 1'794 

Eefloct«d  senith  light  (evening) 0-776 

(1028)  It  was  stated  more  than  50  years  ago  by  Ritter,  and 
the  observation  has  been  confirmed  and  extended  by  Herschel, 
that  the  two  ends  of  the  spectrum  prodnce  opposite  chemical  ef- 
fects, though  the  violet  extremity  apj>ears  greatly  to  predominate 
ill  power.  If,  for  example,  paper  soaktHl  in  nitrate  of  silver  be 
partially  blackened  by  exposure  to  diffu^d  <layU'^ht.^  and  tUeu 
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siiluuitted  to  the  iw.'tioii  of  the  solar  s[)f('tnim,  tlic  pon 
whicli  the  violet  end  falls  ftpewiily  becomes  much  rLir 
t!ie  purlion  l»eneath  the  red  rays  a^eumes  a  brick-red  hu 
spectrum  l>e  thrown  npon  whiti*  pM|>eri'<>atp«I  with  m'tnite 
ver,  and'litfu^ed  daylight  he  allowed  at  tliPtwirnetiine  to 
it,  the  ifixt  whore  tlie  red  rays  fall  retain ■*  i^ 
rest  of  tlie  paper  s.[H<edily  darlieiis.      It  thti- 
billing  the    inliiieiiee    of  two    rays  of  dilfen-iu.    !• 
effects  are  producible  which  eiujnot  be  obtaimxl   ''^ 
separately. 

Paper  soaked  with  nitrate  of  silver  and  bUckened  by  *^' 
tiun  of  light,  if  wn.*hed  over  with  a  polutioii  of  imiidc  of  )  ■ 
becomes  graduiilly  Ideaehed  when  exixntexl  to  diftii^^l  -i.ij 
If  the  sohu"  ifpeetpurn  Ik.-  allowed  to  fall  upon  pajier  thus  prt 
whilst  moist,  an<i  before  it  has  become  blenched,  the  jKirt   U 
tlie  violet  end  is  quie.kly  bleache<l  ;  but  tliis  effect  i.H  l»ou>id( 
a  sharp  Imrder  in  the  yellow,  while  the  paper  under  the  red  aA 
becomes  darker.     The  phenomciui  of  ]>ho6i)hore^*euce  also  cxlul 
similar  oi>position  in  the  effects  produced  l>y  the  oppi*e<I  exit 
ties  of  the  sjMJctrura  (112). 

Claudet  (Pfn'f.  Trans.  1S47)  found  that  lui  iixlized  Dagxic 
type  plate,  when  submitted  in  the  focns  of  a  e:i 
image  of  the  sun  as  seen  thrtMigh  a  London  1'. 
quently  whitened  on  exposure  to  the  v.ijHiur  'it  m 
parts  except  in  the  track  traverstvl  by  the  ituiij^'  of  ' 
portion  continued  to  be  perfectly  black.     Ifi  another  esper 
a  plate  wjis  covered  with  black  lace,  ami  expose*!  to  di 
daylight ;  after  n  few  minutes'  esposur*.*,  ono  half  of  the  pl« 
was  coveretl  with  an  opaque  screen,  the  other  half  with  a 
glass,  and  the  exjxwure  was  continue*!  for  a  i^liort  tim»»:  rn 
mercury  l>ox  the  reii  half  eontinueil  to  be  black.  ■ 
other  portion  the  inuigc  of  the  lace  wa*  distinctly 
photographic  effect  at  first  pnMlnced  over  the  whole  plato 
tactVteen  neutralized  by  the  re<l  ghvs'i.*     A  j)lea<ing  vuriatid 
the  last  experiment  wjis  made  by  exposing  aaiodizetl  plate  f 
fiisie«l  daylight,  then  covering  it  with  a  piece  of  black  lao 
screening  it  with  a  red  ghiss;  a  negative  picture  wiw  now 

.  lo|ted  in  the  mercury  box,  the  red  gliisn  hav'        "  I' 

I  tographic   a^-tion  ext-ept  on  thi>se   part*   s. 

[Orange  and  yellow  gliiis.s<^s  give  similar  resuhr*.     .Viler  e.xpo 
plate  to  daylight,  and  then  submitting  it  to  the  action  ofred^ 
n  again  l^ecomes  sensitive  to  light,  so  that,  »»  tlaudet  ol 
it  is  no  longer  needful  to  prepare  the  plates  in  a  dark  i'h«T 
sinc^,  If  ]>lace<l  beneath  a  ci»vering  of  red  triai*.  ihey  ar»»  uiwaj 
ready  for  initije<iiiite  ns«^— even  though  tul-  '     ri 

kiar.Htion  they  may  have  been  for  s«»ni«5  time  . 

But  though  tlio  red  and  yellow  glom  have  ihu  power  t>f 

•    It  :  '       ■■  ., 

to    tt: 
tlOlUO/  'i'v'\i'  ^1".'):    iiii' i-iji-'it.  ar.'    ii;ii  ti    !, 
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pletely  counteracting  the  effect  of  the  radiation  of  the  more 
refranffible  rays,  they  have  a  peculiar  effect  of  their  own.  The 
neutruizing  power  of  the  red  ray  is  exerted  more  slowly  than  the 
photographic  effect  of  the  white  light,  nearly  in  the  proportion 
of  100  to  1 ;  that  of  the  yellow  ray  was  fcmnd  to  be  about  10  to  1. 

From  the  foregoing  remarks,  it  is  evident  that  the  colour  of 
objects  must  exert  a  material  influence  upon  the  nature  of  the 
photographic  images  produced.  Reds  and  yellows,  from  the  want 
of  chemical  energy  in  the  less  refrangible  portion  of  the  spectrum, 
will  be  characterized  by  absence  oi  photographic  action  in  the 
Image,  and  will  be  represented  by  black  spots,  which  often  produce 
singular  disfigurement  in  portraits.  Yellow  freckles,  for  instance, 
on  the  skin  of  the  face  are  accurately  copied,  but  are  depicted 
in  the  portrait  as  black  spots.  Much  judgment  and  knowledge 
are  therefore  required  in  selecting  a  dress  of  a  colour  which  is 
adapted  to  produce  a  suitable  depth  and  contrast  of  tint  in  thte 
photograph. 

(1029)  Action  of  the  Solar  Spectrum  on  Vegetable  Colours. — 
This  subject  has  been  particularly  examined  by  Herschel  {Phil. 
Trcmg.  1842).  White  paper  coloured  with  various  vegetable  juices 
was  subject^  by  him  to  tlie  influence  of  the  prismatic  spectrum, 
and  in  some  cases  these  papers  were  washed  over  with  solutions 
of  metallic  salts.  The  following  arc  the  most  important  general 
conclnsionB  which  may  be  drawn  from  these  experiments: — 
1.  That  the  action  of  light  is  in  almost  all  cases  of  a  nature  to 
obliterate  the  colour ;  or  if  it  does  not  entirely  bleach  it,  a  faint 
residual  tint  is  left,  upon  which  it  has  little  further  action.  The 
older  the  paper  or  the  tincture,  the  more  decided  is  this  residual 
tint,  which  is  probably  the  result  of  an  oxidizing  action  upon  the 
colouring  material,  independent  of  the  action  of  light.  2.  The 
action  is  confined  to  luminous  rays  of  the  spectrum^-offering  in 
this  respect  a  marked  difference  between  these  actions  and  those 
produced  upon  the  metallic  compounds.  3.  The  rays  which  are 
most  effective  in  destroying  a  given  tint  are  in  many  eases  those 
which  are  complementary  (105T  to  the  tint  destroyed.  Orange- 
yellows,  for  instance,  are  bleached  most  powerfully  by  the  blue 
rays :  blues  by  the  red,  orange,  and  yellow  rays ;  and  purples  and 
pinks  by  the  yellow  and  green  rays. 


CHAPTER  XXI. 

ON   THB  DBTBKMINATION   OF   THE   CXiMBUONO   NTJMBERS   AND  THE 
ATOSOO   WEIGHTS   OF   THE    ELEMENTART   BODIES. 

(1030)  Aid  derived  from  Analysis  infxing  the  Atomic  Weight 
of  a  Body. — The  determination  of  the  atomic  weight  of  an  elemen- 
tary body  is  an  operation  of  great  delicacy,  and  often  involves 
many  very  difficult  questions.      The  first  object  of  the  chemist  ie 
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to  Belect  some  comiKtund  of  the  elementar}-  Ividv  UTKii-r  f  xnni 
tioti,  the  ootnpositioii  of  wlncli  is  tolerably  simple,  nrnl  wliirrh 
reudily  be  prot-ured  iu  a  state  of  purity,  and  iu  ' 
determines  tho  proiwrtions  of  each  of  it«i  conij 
ntmost  attainable  precision.      It  i*  of  great  imjM^rt  ^ 
operations  by  whiuli  these  rtssiilt*  are  obtained  duuulc: 
number  and  as  simple  and  manajjcablo  as  pf>»il>le.     it 
however,  sufficient  that  three  or  four  different  experimi  • 
ducted  in  the  .same  manner  should  j!;ive  uniform  results;  t 
of  analvsi*  adopted  should,  if  possible,  be  varied  so  u?  lo  avji^ 
any  unperccivea  si»nre<?  t»f  error  which  rlo[>end*  ii|"tn  fhe  prt 
eiupliiyed.     It  is  also  desirable  to  vary  tlie  con»]  ^n 

the  analysis  is  made.     For  example,  the  atomic  ■      ^        i'  a  i 
may  in  8<.»me  instances  be  aa<.*ertaine<l  by  ti.xinff  tiie  proportion  oi 
oxygen  which  a  given  weight  of  the  metal  re<juirei  t\tr  ittioui^ 
sion  into  tlie  state  of  oxide:  in  other  cases  tho  prop^>rt»on 
oxygen  !Uid  of  metal  ean  be  determine*!  very  exn    '     ' 
iug  tlie  loss  of  weight  wliieh  the  oxide  exjierieii; 
weight  of  the  pure  oxide  is  heated  in  a  current  of  li 
is,  however,  ailvistible  to  check  these  resuUt,  rivrt  > 
upon  diflerent  quantities  of  the  metal  or  oi'  the  oxide  prepw 
dilTereut  times,  but  also  (in  order  to  guard  against  tho  occur 
of  any  unperceivetl  impurity  in  the  sul>starice  under  e\|>urimuiij 
to  ascertain  if  the  aDaIys.is  of  the  chloride,  the  sulphide,  or  n>e 
other  conipound  of  the  metal,  given  a  similar  nunierical  valne 
it5  coinbiniii;j;  j»rop<»rtion.     These  resnlt;;  must  l>e  redtlcod  by  ctl^ 
eulation  to  their  weight  in  ixieut)  (24).* 

(1031)  A»d  (lei'-i.oed  from  iHoin'trphlsin,  Sj^i^v^y  II 
OovJnnintj  Vulmne  of  Vajuntr. — Tlie  detenuinatiun  oft; 
bers  which  Are  aissumed  to  represent  the  relative  atomic  wdghl 
of  the  elements,  however,  doe«  not  reet  simply  upon  the  knii«rl 
edge  of  the  proportion  in  which  eacli  element  entei"*  into  cowl" 
nation  with  a  given  amount  of  oxygen  or  of  any  other  simple 
AVlien  a  substance  forms  but  a  single  combirjalion  witlj 
the  simplest  hypothesis  resi>ec.ting  its  comj^«iti(in  is  ' 
pound  so  f(»rmed  is  produced  by  ti»e  uftion  of  single  :i 
of  its  components.  Magnesium  and  zinc,  for  example,  ouch  fom^ 
but  a  single  oxide,  which  is  ossiuiiod  to  be  a  protoxide, — or  ojd»l 
each  comj,x»und  atom  of  which  eontains  1  atom  of  the  metal  to  '. 
atom  of  oxygen.  The  nitrates  of  such  oxide**,  if  repn^-' 
formeil  by  the  anhydride  and  the  oxide,  M"t),.\,0,,  wii 
a  quantity  of  the  anhvdride  (N,0,),  in  which  the  ]■ 
oxys^eu  is  five  times  tliat  of  the  base.  But  it  not 
happens  that  the  same  metal  tbrms  two  Dxitles,  in  one  i»f  which" 
given  weight  of  o.\vgen  couibiues  with  twic«  as  UrL-v  ik  ur.ij 
tion  of  the  metal  as  in  the  other:  for  example,  l»^  p;ir 
unite  with  either  63'5  of  copper  to  form  tlie  black  oa,.,.  ,  ... 
127  of  the  metal  to  form  the  red  oxide ;  and  corresponding  salt 

*  S<)mu  iilou  of  tho  extraordinary  CMr<.>  rcr|uirod  la  rosoarcboi  oftttbi  ilii«eri(Aaii 
majr  bv  fornivd  br  tlie  perusal  of  th«  ftdmimblo  iticmoir  o(  Seas,  tn  Uic  Traa 
of  tb9  Virosacls  Xc&dsscajf  Car  I860. 
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inaj  U3  obtained  bj  the  reaction  of  each  oxide  with  acids.  In 
like  manner,  16  parts  of  oxygen  form  with  mercury  two  basic 
oxides,  one  containing  200,  the  other  400  parts  of  mercury.  The 
question  to  be  determined  then  is,  which  of  these  numbers  is  to 
be  regarded  as  representing  the  atomic  weight  of  the  metal  ?  lu 
cases  of  this  kind,  the  judgment  requires  aid  from  analogy,  or 
from  collateral  circumstances,  such  as  the  isomorphism  of  the  body 
with  some  other  analogous  compound  of  known  composition  ;  the 
circumstance  that  the  specific  heat  of  the  body,  when  multiplied 
into  its  supposed  atomic  weight,  yields  the  same  product  as  that 
obtained  by  multiplying  the  specific  heat  of  some  other  element 
into  its  admitted  atomic  number ;  or  the  formation  of  a  volume 
of  vapour  from  the  supposed  atomic  weight  which  is  equal  in  bulk 
to  the  volume  of  the  atom  of  hydrogen. 

Such  assistance  is  afforded  in  me  case  of  copper  by  the  iso- 
morphism of  the  compounds  of  the  black  oxide  ot  this  metal  with 
corresponding  compounds  of  zinc  and  magnesium.  If  the  oxide 
of  zinc  be  a  protoxide,  the  black  oxide  of  copper  is  also  a  protoxide, 
and  the  red  oxide  must  be  considered  as  a  suboxide. 

Another  character  of  high  importance  is  aflRorded  by  the  spe- 
cific heat  of  the  metal.  Assuming  the  oxide  of  zinc  to  be  a  prot- 
oxide, the  atomic  number  of  the  metal  is  65*0,  and  its  specific 
heat  is  found  to  be  0*0955 ;  the  product  of  these  two  numbers  is 
6'206.  The  specific  heat  of  copper  is  0.0951,  and  assuming  the 
black  oxide  to  be  the  protoxide,  the  atomic  weight  of  the  metal  is 
63-5 ;  the  product  of  these' two  numbers  is  6'039,  or  nearly  the 
same  as  in  the  case  of  zinc ;  whereas,  if  the  red  oxide  were  assumed 
to  be  the  protoxide,  it  would  be  double  this  number.  If  the 
numbers  given  upon  pp.  21,  22,  Part  I.,  as  the  atomic  weights  of 
the  elements,  be  multiplied  by  the  specific  heat  of  these  bodies 
in  the  solid  form  (Part  I,  p.  241),  the  products  so  obtained  will 
vary  but  little  from  the  number  6.  Exceptions  occur  in  the  case 
of  carbon,  silicon,  and  boron,  where  allotropic  modifications  inter- 
fere.    (See  also  Kopp,  Phil.  Trans.  1864.) 

In  the  determination  of  the  atomic  weights  of  volatile  bodies, 
assistance  may  be  derived  from  another  character  of  great  impor- 
tance, viz.,  the  density  of  its  vapour.  But  the  force  of  this  argu- 
ment will  be  more  fully  perceived  after  the  various  compounds  of 
organic  chemistry,  of  which  so  large  a  proportion  are  volatile, 
have  been  examined. 

It  is  not  safe,  moreover,  to  assume  in  cases  in  which  only  one 
compound  exists  between  an  element  and  oxygen,  that  such  com- 
pound is  necessarily  a  protoxide;  aluminum  is  not  known  to 
form  more  than  a  single  oxide,  vet  chemists  do  not  hesitate  to 
consider  this  oxide  as  a  sesquioxide,  and  in  this  judgment  they 
are  guided  by  analogy  :  for  example,  those  bodies  which  are  a<l- 
mitted  to  be  protoxides  are  generally  powerfiil  bases,  and  neu- 
tralize the  acids  very  completely.  Now  alumina  does  not  present 
this  character;  its  salts  have  a  powerfully  acid  reaction  and 
taste.  But  the  arguments  of  most  weight  against  the  supposition 
that  alumina  is  a  protoxide  are  derived  from  the  composition  and 
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propertie*  of  tLe  oxides  of  iron,  Iran  forma  two  hmc  osodcs: 
one  mmtaius  but  twu-tljirds  of  tbe  proportion  of  oxygen  wlik-K  m 
prw«jnt  ill  llie  oilier.  Tin}  uxitle  ot  iron  with  the  emaller  prcifior- 
tioii  of  oxygen  i»  a  powerful  biiije,  and  with  acid*  fonus  (da 
whic>U  are  isoniorpljoue  with  those  of  maji;nesia  nml  oxi<lfc  of  jjiit 
It  iij  eunKu^ueiilfj  rL*jj;Hnli-^l  »«  fi  protoxide,  ami  the  other  oiide 
U  lin>ktH\  upon  M  ft  aeeqiiioxido  ;  the  iMu-ic  f>rnpertie>  of  the  Utter 
are  much  more  feeble,  and  tbe  .saltis  wliich  it  (bnii-s  with  a«»6 
littve,  likf  thf  tinltfe  of  iilumiruitn,  a  powfrfiiUy  at-id  rerietion.  ^ 
4juii>xt(l<i  *>t  iron,  itior^Hiver,  furni^hi'^  ^ts  wliich  are  i^fniur^'boft 
writli  thfNie  of  alumina.  An  in>ri  alum  maj  I*  ohl*int-*i  in  oclo 
hcdral  cr>-fllals,  in  whielt  the  phicc  uf  tlie  iihiininmn  h  (iqpplied 
bv  tiiHt  ufinni :  Rud  iriilivc  ses<pii>»xii!e  uf  iron  is  fnuinl  in  funa* 
of  th«*  rlMMnlnthtxh'sil  i?jt>tem  i,-ii»nx<.H-p!iouT»  with  native  iihimtniiin 
conindiini.  Henoe,  if  the  red  nvidc  of  iron  lie  a  BOst|ai*«X(iJt?,  alu- 
niinsi  tnut^t  he  a  sesqiiioxide  nlsHK  Murwu-er,  the  sptxntic  hvntot 
aluminuia  roUowo  IhiluiigV  l»w  if  ahiitiina  he  a  ^(^uiuxtde,  but 
not  if  it  bo  BUppos^d  tu  l>o  a  prtftt  ixidc'. 

All  L'.veelleul  illustration  nf  the  vmlue  of  ij*t>morphistn  in  tlw** 
castfr*  is  nli^*  !ittV»rdL'<l  by  tbo  oxides  of  diiiiuduui.  Until  the  {luh- 
lication  ut  IYlI<itit'»  researehes  on  this  nif till,  only  two  compuinuli 
of  cliroiniiinii  with  tiy.y}icn  were  known,  viz,,  the  ijrnx'n  oxiiie,  and 
trhriwnie  unhvdride, — the  anhvdri<le  eontainiiiij  twice  ii.-«  iimch 
oxygen  as  the  uxitie,  lu  thei?e  two  euinpuundh  the  ]|»roj>tirtion  of 
oxvEjcn  coinhined  with  equal  weights  of  ehroiiiiurn  whs  a*  1  :  Si, 
or  »A  1^  ;  3,  But  tliere  was  little  difficulty  in  deciding  thiit  the 
g-reen  oxide  inui?t  bt^  rcsjaMed  as  asasfpiinxide,  for  thejnT<?!i  <m'iie 
of  chroiniutu  was  known  to  be  isomorphous  with  there^l  oxide  oi 
iron,  both  in  its  UTiconibined  form,  and  in  the  salt*  whieh  it  yield* 
by  action  upon  the  eamo  aeids.  Chromic  anhydride  would  tiierc- 
fore  contain  three  atoms  of  oxygen  to  1  atom  of  the  uietah  But 
evidence  still  more  eouelusive  of  the  aeL-uraey  of  this  view  is 
aUbrded  by  the  fatjt  that  the  chromateB  are  isomorphoiia  with  tlie 
manganates ;  now  the  tnanxranatfe?  are  known  to  eontiiiu  4  atoms 
of  oxygen,  for  they  are  the  salts  of  the  acid  of  a  metal  whicb 
yieldft  a  basic  oside  with  a  given  weight  of  manganese  contaittiiu; 
one-fourth  of  the  oxygen  ]iresent  [n  mantfanic  acid,  II,ifn0„  mi 
which  moreover  is  isomoriishous  with  the  protoxide  of  in^n.  Finaliv, 
the  discovery  of  another  oxide  of  chrouiiuiii,  with  a  jimaller  pro- 
portion of  oxygen  than  either  of  the  compounds  previously  known, 
fully  viiidicftted  the  correctness  of  the  foreijoing  deductions,  for 
the  new  oside  was  found  to  contain  ono-tliird  of  the  proportion  of 
oxygen  prt^entin  chrcjinit;  anhy^lride.  It  aluo  yiehl^  i^alts  is^>mo^ 
phoud  with  the  corresipondiug  isalts  obtsiiued  from  the  pri>toxide  of 
n\>n,  and  tiie  proportion  of  oxygen  which  it  contains  bcjirs  the  same 
relation  to  thiit  pre«ient  in  the  green  oxide  of  chromium  that  the  oxy- 
^pu  in  the  protoxide  of  iron  doet;  to  that  in  the  red  oxide  of  iron.  P^- 
ligot's  new  oxide  therefore  was  the  missing  pnitoxide  of  chromium. 

(10.12)    JVumerti'al  Data  from   which    ths  Equimfients  and 
XUunxA  vTelyltte  o/  ifwt  Elemet^  hmie  been  ctdciilnUd. 
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The  atomic  weights  of  the  elementary  eubstancos  were  first  in- 
vestigated witli  precision  by  Berzelius,  tiiul  the  nunilx-rs  obtained 
by  hiin,  with  certain  important  corrections,  are  t)i(.«e  at  present 
in  use.  These  researches  of  Berzelius,  combined  witlj  tho^  of 
eabsequeiit  chenxists,  particuhirly  of  Dnmas  {Ann,  de  Vhimie,  III. 
i.  5;  viij,  185>;  and  Iv.  129);  of  Pelouze  {(■inn/tkn  Hendvif,  xx. 
V)4~);  of  De  "MRriiintic  (Billiofheqti^  Univ.  de  O'eneiY,  xlvi.) ;  of 
Erduiann  and  ManVliaiid  [Jonnuufur  jtrnli,  (.'lifinic,  xxiii.  xxvi., 
and  xxxiii.)  ;  and  of  Stas  [Tranx.  UruM/frl-M  Aivthmi/,  18*»Uk  have 
furnished  the  followin}):  data,  from  which  the  nnmbei's  given  at 
pp.  17,  IS,  an<l  21,  yi,  Part  I.,  have  been  compiled  : — 

1.  Alnrninuiii. — Berzelin»  found  that  100  parts  of  the  pjilidiate 
of  ahiminum  (Al,  3  SO,)  lost  by  intense  itriiition  TO'OGO  of  MiIi>hurio 
acid ;  hence  assuming  the  atomic  weiglit  of  SO^  as  9rt,  that  ot' alumi- 
num (hydrogen  being=])  is  27'344.  Dunnin,  by  determining  the 
amount  of  tilver  required  to  precipitate  a  given  weight  of  chloride 
of  ahiniiiinm  (A1,C1,),  obtained  nnmbei-s,  from  a  mean  of  seven  ex- 
periment:-, indicating  that  the  atomic  weight  of  aluminum  is  2T'488. 

2.  Anlimomj. —  J'he  nnndjcr  I2'.»d;^,  assigned  by  Herzelius  to 
antimony,  is  ailmitted  to  have  been  too  high,  Schneider,  by  re- 
ducing the  native  Bulphide  (Sb,S,)  to  the  motallic  form,  obtained 
on  the  avenige  Tl'iOy  percent,  of  metal,  which  would  yield  as 
tlni  combining  numlier  lii<>"3.  The  experiments  of  Rose  on  the 
chloride  (SbCl.)  gave  120-GO.  Dextej-.  by  oxidizing  the  metal 
with  nitric  acid,  and  converting  the  residue  by  ignition  into 
Sb,0,,  obtained  1 22 ''U  as  a  mean  result;  and  Dunujs  by  experi- 
utent«  ujHin  the  terchloride  found  the  qua'ntity  of  silver  req aired 
to  precipitate  the  chloride  indicated  122"0,  as  the  combining  num- 
ber of  the  metal. 

8.  Arsenic. — Pelouze  decomposed  a  given  weight  of  chloride 
of  ai-scnic  (AsCl,)  by  means  of  water,  and  detenniued  the  quan- 
tity iif  cldoriile  of  sdver  which  it  produced  :  a  mean  of  three  ex- 
periments furinshed  75  as  the  atomic  weight  of  arsenic,  a  rcBult 
contirujed  by  four  experiments  of  Dumas,  which  gave  it  as  74*i)5. 

4.  Boriuin. — Berzelius  found  that  100  parts  of  chloride  of 
barium  (HaCl,),  when  dissijlved  in  water,  yielded  112"175  (}f  sid- 

,  phate  of  barium  (DaSO,),  on  the  addition  of  sulphuric  acid  ;  and 
tliat  100  parts  of  the  cidoride  when  mixed  with  a  solution  of 
nitrate  of  silver  yielded  I3S"07  of  chloride  of  silver.  Pelouze, 
by  preci]iitatii>n  with  silver,  obtained  results  almost  identical :  the 
n'uudier  calculated  from  the  results  of  Ber/.elius  for  barium  is 
iy<>'S4 ;  ti'om  those  of  Pelouze,   137'28.      De  Marignac,  from  a 

fBcrive  of  experiments  of  the  same  kind,  cliecked  by  the  deter- 
mination of  the  bai*ium  as  suljihate,  obtained  the  numl)cr  137"10; 

[and  a  mean  of  sixteen  experiments  conducted  in  a  similar  manner 
bv  Dumas  lea<ls  to  the  number  i;^7*02. 

5.  Bismuth. — 100  parts  of  the  metal  converted  into  nitrate 
laud  deconipoBcd  by  heat  in  a  glass  vessel,  gave  111"275  of  oxide, 

Bi,<->.,  hence  theafonuc  weight  of  bisnmth  is  212"86  (Lagerhjelm). 

Dumas,  from  a  mean  of  seven  experiments  upon  tlie  quantity  of 

I  silver  required  to  precipitate  the  chlorine  from  a  given  weight  of 
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tercliloride  of  bismath  (BiCIj,  obtaiaed  21034  a&  the  number  foi 
this  tnetttl. 

6.  B<mm, — According  to  Berzelins,  KM)  parts  of  bona  \m 
47'1  of  water,  and  yielded  16'31  of  Mtda,  leaving  for  bonuric  aw 
hydride  B,0,  (by  difl'erenoe)  3(J'59 ;  and  Davy  foimd,  by  tli 
dinH't  citiii1>u:itiOQ  of  buruo,  that  100  parts  of  b>.iracie  nidiTdiid 
cuiitaiu  32  td"  bwrcin  and  68  of  oxygeD.  Tlii*  wudW  maEetli 
uutuk^r  fnr  iMiron  Itl-O.  But  the  iiietho'l&  which  were  eiiijvli3T«i 
•te  a(itiiilti'()  liy  l>L*riCL'lii]5  not  tu  be  ^aaeh  a;^  to  wurmitt  er)iire«'>i«i 
fiden<-e  in  the  af curacy  of  this  iiuml>er;  and  Dotille,  froai  UUe^i 
^>criin<?ut«  ujH>n  the  diloride  and  the  bromtdu  of  borun,  n^ant  i] 
afi  nfun-r  tlu*  truth, 

7,  Iiro/itine.—\}e  Marignac  found  that  3*y4fi  ^^mniQics 
tdlv^Bf,  when  dissolved  in  nitric  Rcld,  required  4*353  ^raminoi 
bromide  of  potassium  (KBr)  for  its  complete  preeipinuit>&;  j 
IS'OO  of  silver  ecmvertefl  into  nitrate  gave  3*>'ll  of  brkiiuiii« 
Bilver ;  taking  the  equivalent  of  silver  at  10T"!>7,  a  mean  oft 
eiperiment*  }*'ivert  the  tHiuiviilfiit  of  broiutne  as  T^'Wr;  ami  tliij 
result  has  beeti  vtTitied  !>y  Dumas  by  the  decoTn|M«!i>itiou  tif  linmiidi 
of  silver  in  a  uurrent  of  chlorine.  It  itiay  witiioiit  oeiisible  crni| 
be  taken  as  SO.  I 

S.  Ctnimium, — Stromever  found  that  114*352  partti  of  thd 
oxide  (Od©)  yielded  14'352  of  oxygen  ;  from  which  the  al(imis 
weight  of  this  metal  ia,  111'4S,  Dtimas,  as  a  mean  of  &ix  cx]icii 
meats  upon  the  quantity  of  silver  required  to  precipitate  till 
chlorine  from  s  given  wei^^ht  of  chloride  of  cadtniain  (€dClJj 
oljlaiued  results  represented  by  the  number  1 12-24 ;  but  the  num- 
bers obtained  in  the  different  experiments  are  not  quite  soomo- 
cordant  as  usual. 

9.  Cah'ium. — Dnmas,  by  the  ignition  of  100  parts  of  Icekiid 
Bpar  (0a0O,)  obtained  6t>  parts  of  time,  which  would  make  tin 
atomic  weight  of  calcium  exactly  4*)  ;  and  the  tuean  of  later  «■ 
perimeiita  by  the  eame  chemist  upon  the  quaiititv  of  silver  re- 
quired to  precipitate  a  given  weiaiht  of  chloride  of  calcium  (€tiC!i)^ 
lead  to  the  number,  40*02.  Erdmann  and  Marchand'e  resulti 
would  make  it  40'06  ;  De  Marij^nae's,  by  det'oinpoaition  of  i 
known  weijjht  of  the  chloride  of  calcium,  40*21  ;  and  tbore  of 
Berzelius,  by  the  conversion  of  a  known  weight  of  pure  lime  into 
sulphate,  would  make  it  40*30.  The  number  40  may  be  safely 
adopted. 

10,  Gfirhon. — Tiie  determination  of  the  combining  proportion 
of  carbon  formed  the  subject  of  a  series  of  laborioi^  researches  bf 
Duraad  and  Stas.  They  burned  frraphite,  diamond,  and  charcoal 
in  a  current  of  pure  oxygen  with  scrupulous  care.  1*375  prammoi 
of  diamond  gave  5*041  of  carbonic  anhydride  (OO,) ;  and  tlw 
mean  of  their  resjults,  which  flgreed  very  closely  with  eacli  other, 
entitles  us  to  fix  the  atomic  wcifjht  of  carbon  at  12.  Similar  eS' 
periraents  by  Erdmnnn  and  Marchand  gave  thein  (he  niunliei 
i:2*014 ;  and  the  results  obtained  by  Liebig  and  Ilcdteiibacha 
from  the  combustion  of  the  oxalate  (Ag,y,0A  the  acetate,  tlM 
racematle,  wa^  \ke  laxtrato  of  silver,  corresi>ona  to  12'!:^,  wbid 
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oincides  bo  nearly  with  the  number  dedoced  from  those  of  Du- 
188,  that  these  chemists  themselves  have  adopted  the  number 
rhich  he  employs. 

11.  Chlorine. — ^Ktmierous  carefol  experiments  have  been  made 
rith  a  view  to  determine  the  equivalent  of  chlorine.  De  Marignac 
jund  that  100  parts  of  chlorate  of  potassium  (KCIO,),  when  do- 
omposed  by  heat,  left  60"8.S9  of  cnloride  of  potassium  (KCl) ; 
nd.  32'032  of  pure  silver  required  15-216  of  chloride  of  pota*- 
!um  for  its  complete  precipitation.  14*427  of  chloride  of  potas- 
!iim  cave  27'749  of  chloride  of  silver  (AgCl).  Berzelius  calcu- 
ites  from  these  results  that  the  equivalent  ot  chlorine  is  35'46  ;  and 
lis  coincides  exactly  with  the  re(!ent  elaborate  experiments  of  Stas. 

Maumen6,  by  heating  chloride  of  silver  in  a  current  of  hydro- 
en,  found  that  100  parts  of  silver  were  united  with  32'856  of 
blorine.  The  same  cnemist  obtained  from  100  parts  of  chlorate 
r  potassium  60*791  of  chloride  of  potassium:  and  from  100  parts 
f  chloride  of  potassium,  he  obtamed  by  precipitation  192'75  of 
hloride  of  silver.  These  experiments  furnish  data  from  which 
iie  atomic  weights  of  potassium  and  silver  may  be  determined,  as 
rell  as  that  of  chlorine,  in  the  manner  followmg : — 

The  composition  of  chlorate  of  potassium  is  represented  by  the 
>nnula  KC10, ;  when  heated  it  gives  off  the  whole  of  its  3  atoms 
f  oxygen.  The  atom  of  chloride  of  potassiujn  therefore  will  be 
be  quantity  which  is  combined  with  48  parts  (or  3  atoms)  of 
3^gen.  Now,  taking  Maumeno's  result  that  39-209  parts  of  0x3'- 
;en  are  combined  in  chlorate  of  potassium  with  60-791  of  chloride 
f  potassium,  we  have — 

39-209 :  48 : :  60-791 :  x  (=74-4208, 1  at.  of  KCl). 

f  100  parts  of  chloride  of  potassium  produce  192*75  of  chloride 
f  silver,  1  atom,  or  74-4208,  of  chloride  of  potassium  will  fui-nish 
atom  of  chloride  of  silver.    For — 

100 :  192-75 : :  74-4208 :  x  (=143-446, 1  at.  of  AgCl) ; 

Qd  132-866  of  chloride  of  silver  contain  32-856  of  chlorine ;  con- 
jqnently  (1  atom  of  chloride  of  silver  containing  1  atom  of  chlo- 
ine),  we  find  the  atomic  weight  of  chlorine  as  fwlows : — 

132'856 :  32-856 ::  143-446 :  a?  (=35-476) : 

at  the  atomic  weight  of  chloride  of  silver  being. . . .  =143*446 
lat  of  silver  is  found  by  deducting  the  at.  wt.  of  CI     =  35-476 

leaving  the  atomic  weight  of  silver =107-970 

nd  the  atomic  weight  of  chloride  of  potassium  being  =74-4208 
educt  from  it  the  atomic  weight  of  chlorine =35-476 

"we  obtain  the  atomic  weight  of  potassium =38*9448 

To  material  error  can  therefore  arise  if  the  atomic  weight  ot 

blorine  be  taken  as =  35*5 

!iat  of  silver  as =108*0 

nd  that  of  potassium  as =  89*0 
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Dnmas  ha*  also  checked  t' 

Tided  silvor  in  «  <?iipnMit  i>f  jn  

that  1'  C4jUil>iu«U  wiih  ^*<>0^  ui*  ciiluiioeiit 

mean  ■  i  ,  -. 

12.  thronttum. —  Ihe  at(irai<' 
rained  by  IWlin,  by  convertinLr  ■• 
the  chluritle ;  the  nauibeT  lui  i;      ■      :; 
and  that  deducetl  from  the  ri-iiuctioti  nj  tm 
(©rOj  tothe  fe:?cjuioxido  of  chrotniuin.  in  the 
riiDcuUs  is  52'5i.     Pclip>t's  ex' 
make  it  between  52  and  5S"0,  h.  -     - 
the  truth. 

13.  t'yia//.— HothoflF  found  that  269'2  w^rXr.  wf  fh,-  i-rottaide 
of  cobalt  (Go0),  when  converted  into  cli  oitau 
of  hydrochloric  aci<l  and  precipitated  by  riir.i  .^  •■• 
gave  lo29'9  of  chloride  of  silver:  Iience  the  a- 
cobalt  is  5S-9S.     The  nninbcr  59-Ob  i- 

roade  iti  «  fiimilar  w»y  I'y  Onnias,  .  »iil  ^ 

quently,  from  the  decu'  i.i-.i  rt-^uift 

con*c»sponding  to  the  nil  I  !L|>e7iiae 

of  Riis«cll  coutirui  the  former  number,  and  i<how  citmt  tlie 
vreiglii  is  identicMl  witJi  that  of  nickel. 

14.  C<t}>prr, — Bcrzelius  obtained  from 
oxide  of  copi»er  (€nO).  ^^' '  '  ^   ' 
gen,  U- 13075  of  met  alii- 
metal  is  t>3-5.     Erdniauu  amJ    A 
obtained  nuinl»ers  which  would  ; 

15.  /''luorim: — iJi^rzelius  found  "  part.* 
(GaF,)  when  heated  with  an  excess  <>t       ,  ..    -  <■  m-'l 
of  sulphate  of  calcium  (GaSO,).     Lonyet,  on 
riment,  obtained  1T4'301  part3  of  sulphate  of  < 
Talent  of  fluorine  deduced  from   this  latter 
p.  141).     And  r' 
mAdeeimilare.x] 
and  sodium. 

IC.   Glucfinunt. — Awdejew  found  that  UK)  oartA  ..f  i\u- 
ride  of  this  metal  contained  8S'42  of  chlorine  ; 
ride  be  represented  as  CJ1,C1„  the  combining  i.  . 
will  be  C''J7;  but  if  the  chluriile  he  regartled  ti-  <  n  i,  ''.i'  .i 


rtW<.»75 


a  BiUiilar  uict 


'••30. 


weleht  of  the  r 

17.  OM.- 
and  fM)ta!«ium  iii  u 
ing  nunilK-r  r>t'  flii 
periments  ! 
wS*55  of  E'.'.  . 
cao&ing^  the  pr< 
atomic  >■;-■'•   ,;  ,, 
tor  goi 

18.  jr.  —     .      ■     ' 
vitii  great 

|k>  4^.      He  MBOiCiaiuoii,  tto  a  mc 


liv  rndiunng  th*^  double  ehltirid<»  </  \ 


n  of  3  :i 
uty  to  bft  ^^'-s  iiiin  i^wiim  Hi 


i'A|<t3riui«iUt^ 


oosiBDmro  nombgus  of  the  ELrafparra. 

|Spnrt3  (if  pxyiren  conibineil  ■with  1-0012  of  hydrogen   to  fonn 
[Water;  the  lowest  (luuiility  which  these  exiteriiuvnt*  gave  being 
[©•9084,  the  highest  1'0045.     The  quantity  of  water  collected  in 
[each  of  these  experiments  was  consiileraVile.  varying  from  230  to 
11100  graius,   Eroinann  trnd  Marehand  repeated  these  experiments 
with    similar  result:*.      lierzelius  and   l)nIoug   coiieluded,  from 
rceenrelies  {jerformeil  long   previously  upon   a  similar  prineii)lo, 
I  though   on  a  smaller  scale,  that  the  quantity  of  hydrogen  uniteil 
wth    S   parts  of  oxygen  wsts  0'l)HvS4,  whieli  eoineides  with   the 
lowest  number  obtained  by  Damas.    It  is  obvious  that  no  appreci- 
able error  can  be  committed  by  assuming  hydrogen  to  f>os6ess  an 
[  atomic  weight  of  1,  that  of  oxygen  being  l6,  it  water  be  taken 

JMH^e. 

19.  Iodine. — ^De  Marignac  determined  the  number  for  iodint 
[by  a  proce><s  analogous  to  that  which  he  employed  for  chloriue. 

The  atomic  weight  of  iodide  of  potassium  ( K I )  lie  fixed  at  1  OS-itSl ; 
[deducting  from  this  3895,  Manmene's  number  for  potaseium,  we 
I  obtain  127  a*  the  combining  number  of  iodine.      Dimi.'is,  by  twa 

experiments  ujKm  the  iodide  of  silver,  which  lie  converted  into 

chloride  by  heating  it  in  a  current  of  dry  chlorine,  obtained  the 
I  same  result, 

*2ti.  Iridium. — Berzelius  deduced  the  number  for  iridinm  from 

an  analysis  uf  the  chloride  of  iridiuiu  and  potai*sium  (2  KCl.irC'l,); 

liin  rcfiults  would  make    it  197'12j  which  ie  identical  with    the 

number  obtained  for  platinum. 

21.  Irov. — Berzelius  found  that  l'58fi  grammes  of  pare  iron 
j  converted  first  into  nitrate,  and  then  into  ees<iuioxide  by  ignition, 
I  gave  2"265  of  sehquioxide  (Fe,©,) ;  and  Svanberg  and  Norlin,  by 

re<lucing  (?esquioxide  of  iron  in  a  current  of  hydrogen,  obtained 
from  3o-783  of  se^quioxide,  25"0.59  of  motnllie  iron  ;  making  the 
atomic  weight  of  iron  5(308.  Erdmann  and  Marchand,  by  tlie 
metliod  last  named,  fixed  the  atomic  weight  at  r>G'002,  and 
Maumen^  has  also  amved  at  a  similar  result  by  dissohnng  iron  in 
aqua  regia,  and  precipitating  the  oxide  bv  means  of  ammonia. 
iStiU  more  recently,  Dumas  has  corroborated  the  same  number  by 
decomposing  the  chloride  of  iron  by  means  of  nitrate  of  Bilver — 
the  mean  ot  his  four  ex]ierinients  giNing  56"14. 

22.  Lead. — 21  •9+25  grammes  of  oxide  of  lead  (PbO)  were 
reduced  by  Berzelius  in  a  current  of  hydrogen,  and  gave  20-3fi95 
of  metallic  lead;  from  the  mean  of  his  five  experiments,  the 
atomic  weight  of  the  metal  would  be  207"14.  This  result  ha.s  been 
confinned  by  De  Marignac,  who  obtained,  by  the  precipitation  of 
5  grammea  of  chloride  of  lean  (PbCl,)  3'8835  of  chloride  of  silver ; 
fliinilar  experiments  by  Dumas  would  make  the  number  for  lead 

1 207-1,  whilst  fi-om  thoie  of  Stae  it  would  be  20fV912, 

23.  Lilhium. — The  number  obtained  by  Berzelins  for  thia 
nietnl,  by  ncntralizing  fused  carbonate  of  litnium  (Li,f  O,)  with 
{'ulpbiirir'  Hciil,  is  probalily  inaccurate,  as  the  carbonate  of  lithium 
hii  u-iitly  been  found  to  lose  a  little  of  its  acid  ^vllcn  melted. 
M'  mates  the  atomic  weight  of  lithium  at  {•■'••T.  DichI, 
frotn  HU  analysis  of  the  carbonate,  obtained  tlie  number  7'02G ; 
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and  Troost,  from  the  diloride,  obtained  t"r 
as  bv  decoin|x>fiition  of  tl)e  carbonate  by  n 
therefore  the  nnniber  adopted. 

24.  Matfii^jfium. — Berzdins  found  that  l(M)  part*  uf 
dissolved  in  pure  sulphnric  acJd  and  ipriited,  pave    - 
Bulph.<ite  of  niafjneainm  (MicSO,);    hence  the  eiiuivalem  i*\ 
ncsium  woukl  be  25*3 ;    but  this    re&ult  is  probably  u  lit 
l>igh. 

Scheerer,  by  ascertaining  the  auantity  of  t;iilphati>  nf  hnnj 
produced  by  a  j^ven  weight  of  fiulpiiate  ol*  in:ii^Jii'-;ium. 
the  number  for  magiieMuni  at  24'22.      The  n-^^ult.s  \,\ 
and  Nordonfeldt,  by  the  decompostti<»n  of  tiic  oxalate  of  ma 
(^fj?0,0.,2n,0)  by  heat,  made  it  247;  fhojH*  by  c^>nve 
known  weight  <>f  magnesia  into  Bulpliate,  jrave  it  asi  34-74 
tlii>se  of   Marchainl  and  Scheerer,  by  ifriiltinn  i»f  t' 
Ixmate,  indicated  the  number  24'04.     l)iiiiiu>  fottii. 
difiicuitv  in  procuring  chloride  •  if  ni.'tijne^iiim  > 
nt^iu.    The  mean  of  11  pxperiments  u|>oii  the  i 
chloride  (MgCl,)  by  nitrate  of  silver  gave  *lA't\  ii*. 
number  of  magncsiura.     The  mean  of  thegc  reaultr.  .- 

25.  Matujan^Jte, — 4"20775  of  chloride  of  niun^^aneiic  (Mn( 
gave  Berxelius  9'.575  of  chloride  of  silver;  the  aNuiiie  vrel^ir 
the  metal,  from  a  mean  of  two  such  experiments,  is  55-14.    Oar 
lis  a  mean  of  five  such  experiments  conducted  in  a  fdmilar  muinc 
obtained  the  number  54'96. 

2'j.  Mercury. — Erdmann  and  Marrhand  obtained  froinl  I ^'Z 
grammes  of  red  oxide  of  mercury  (H^)  10f>'6308  of  merec 
a  mean  of  five  experiments  gave  200*2  ka  the  eqniviUent  of 
metal.     It  may  be  safely  estimated  at  2<>". 

27.  Molyhihmum. — Berxelins  reganJed  the  number  uri* 

fjiven  by  himself  for  this  metid,  only  as  an  appi      ' 
>erg  and  Struve,  from  an  extensive  series  of  • 
dered  that  the  most  accurate  results  were  obtained  by  r 
bisulphide  of  molybdenum  in  air,  and  they  conclude  fhu' 
of  the  bisulphide  (MoS,)  yield  Ky^.'?^  of  molylxlic 
(MoO,) ;  hence,  if  the  equivalent  of  sulphiu"  be  taken  at 
of  molvbdcnum  will  be  92'12,      Berlin,  from  the  quanL 
niolyb<l'ic  anhydride  left  by  the  salt  (H.N),0„5  iK)e„3  li.ej 
the  tiiiinlKjr  for  the  metal  (from  a  mean  of  four  evperimi 
be  5tl"".l(!.      Dnmart,  however,  by  reduring  er\  '  mc 

anhydride  in  a  current  of  hydrogen,  found,  »-  i  of 

cordant  experiments,  'M\  lus  the  nuLuber  for  thi«  metal. 

28.  Nickd. — Uothuff  converted  188  parts  of  oxide  "f  ••;• 
intx)  cldoride  (NiCl,),  and  obtained  from  it  71S-2  of  . 
silver;  the  number  for  nickel  hence  deduced  is  5{>'ri8;  n: 

fts  a  mean  of  5  experiments  on   the  same  plan,  i>bf 
number  .59-02.    Russell  found  it  by  reducing  the  oxide  tu  n  c\iii 
of  hydrogen  .')S*73S. 

2'.*.   N^iirogtm. — De  Marignac,  by  • 
wlver  info  nitrate  (AgNO,i.  .il.fiiiiii^.1   ..  .:.; ,   .. 

uf  mtratje  o(  %\V\qx  re^yiinxl  >  ipitatioa  6*1  t>l  of  dtl 
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of  ]iotaB«iiim  ;  lO'SSO  of  silver  converted  hito  nitrate  required 
5'liJn  ol'  chloride  of  ainnionium  for  complete  precipitation;  the 
mean  result,  as  calculated  by  Berzelius  from  several  expcriinenta 
nerfonned  in  this  maimer,  pive*  140tt4  a;s  the  numljer  for  nitrofren. 
c^tHs,  by  synthetic  experiments  npon  nitrate  of  silver,  fixed  it  at 
14'n41.  Andeiiion,  l»y  the  decomposition  of  nitrate  of  silver  by 
heat,  concliukMl  that  the  atomic  weight  of  nitrogen  was  IS'OS; 
and  Svanberg.  fn>ui  the  analysis  of  nitrate  of  lead,  obtained  the 
same  result:  the  numlier  for  nitrogen  may  therefore  l>e  taken 
ae  14. 

30.  Oxvi'mm. — The  atomic  weight  of  this  metal  was  calculated 
by  Berzelius  from  the  result  obtaine<l  by  heating  the  chloride  of 
oeniinm  and  p<itHii.sium  (2  KCl.O.^'l,)  in  a  current  of  hydrogen, 
l-31tl5  grammes  of  the  salt  leanng  0'401  gramme  of  tvCl  and 
0'5.35  gnimme  of  <ismiuiii:  hence  the  manber  for  osmium  may  V>e 
ostimated  at  UlS'S,  which  agrees  with  the  later  researches  of 
Dimias. 

31.  Orytffu. — Tlie  atomic  weight  of  oxygen  is  the  fundamental 
one  from  which  all  others  are  calculated.  Keasons  have  already 
been  fully  given  which  lead  to  the  adoption  of  1(5  as  the  atomic 
■weight  of  oxygen,  if  that  of  hydrogen  be  taken  as  1. 

32.  Palhtil ium . — The  numlier  of  this  metal  rests  upon  the 
tliority  of  Berzelius,  who  found,  by  reducing  the  chloride  of 

jHitasMum  and  judhidium  (2  K("l.PdCl,)  in  a  current  of  hydrogen, 
that  2'(j(»i  rrrammes  of  the  salt  gave  0"563  granmie  of  chlorine, 
0'8r>l  of  pnlladium,  and  1'1!)2  of  chliride  of  potassium:  hence  the 
atomic  weight  of  palladium  is  1U(5'4S. 

33.  J*/ii)npfioru«. — According  to  Pelouze,  a  solution  of  100 
parts  of  silver  iu  nitric  acid  is  ropiired  to  precipitate  the  chlorine 
from  42"74  of  terchluride  of  phosphorus  (rC'l,);  the  atomic  weight 
of  phosphorus,  therefore,  would  be  32"02.  Berzelius,  from  the  sil- 
ver retluced  from  sidphate  of  silver  by  a  known  weight  of  phos- 
phoru?,  estimated  the  number  for  phosphorus  at  3r3fi;  and 
Sciirotter  concludes — from  a  nu-an  ot  ten  experiment*,  in  which 
j>hos])horus  wa^  bnnied  in  a  current  of  dry  air,  and  tlms  con- 
verted irjto  phosphoric  anhydride —that  the  true  atomic  weight 
M  31 ;  a  result  c<tntirme<l  by  cju-eful  ex|a?rimenta  upon  the  terchlo- 
ride  by  Dumas,  who  found  it  to  be  3lM)3. 

34.  J'latinum. — Berzelius  found  that  6*981  grammes  of  the 
double  chloride  of  phitiniiin  and  pota.-^sium  (2  K(.'l,PtCl,\  when 
reduced  in  a  current  of  hydrorfen,  gave  41to7  of  a  mixture  of 
platinum  and  chloride  of  potassium;  2"822  of  this  was  platinum: 
hence  the  numlier  for  platinum  is  H»7'12. 

35.  Poiassivm. — Ue  Marigmic's  experimente  on  the  chlorate 
of  potaasium  ( KCIO,),  (relatetl  when  speaking  of  the  atomic  weight 
of  chlorine)  gave  the  number  for  potussiuni,  31M  ;  those  of  Mau- 
mene,  38"{>5 :  those  of  Pelouze,  3y'14 ;  and  those  of  Stas,  39"13. 
It  may  therefore  Ik.-  taken  as  331. 

Rhoiiinm. — 3*1 4t)  grammes  of  the  chloride  of  rhodium  and 

iimi  (KC!l,Ko('lj  wiieii  heiifed  in  a  (Mirrent  of  liy<lrogen,  were 

found  by  Berzelius  to  furnish  <.I''.I12  gramme  of  rhodium,  and  U  515 


U.  »yei^nium. — UMi  parts oi  selenium,  wtifji 
of  chlorine,  yield  exactly  279  of  chloride  of  selt..;. 
oonling  to  I3erzeliu9,  which  would  inake  the  utotiiie 
but  tlie  method  employed  is  not  jK'rtectly  t: 
by  moflifying  the  mothml  of  proceeding,  d 
seven  ex]K»rinients,  Ti*"4r>. 

SS.  «Vt7/<'<»n. — Herzeliiin  found  that  100  part8  of  jiiM.'nn.  irhn 
oxidized,  yielded  20^  parts  of  silica,  which,  if  taken  ; 
give  an  atomic  weight  of  2y'ri2:  this  iippe«r»  to   i -.   .  • 
relouzo  states  that  a  solution  of  3-»»85  part.*  of  silver  in  nilrw 
preeipitJited  1*454  of  chloride  of  silicon  (SiCl,),  when' 
bcr  would  be  2S-48  ;  and  Dunia^,  l>y  a  incHn  of  twi- 
Conducted  on  the  same  principle,  obtained  the  nn 

3l>,  iSV/»vv, — The  combining  BUinber  of  thi- 
ropcatedly  determined  witli  very  gi-eat  care,  as  it  tV-: 
mental  datum  in  these  iiupiiries.     I)e  Marignac,  by 
of  a  known  weight  of  silver  from  its  solution  in  i. 
chloride  (AgCl)  eiftimates  the  equivalent  jm»  107*i>7  ; 
periment*  of  Pelouze  and  of  Maumene  agit'e  alnuist 
tin's  result.     Dnmas  has  also  continned  this  r> 
finely  divided  silver  in  a  current  of  chlorine  ga.*: 
deduced  by  Stiis,  from  his  ex]ieriments,  was  loTyiC*.     iifb 
therefore  be  taken  as  the  atomic  weight  of  silver. 

40.  SfKiium. — Berzelius  found  tliat  1<M>  parts  nf  chloride 
sodium  (NaCl)  gave  by  jirecipitation  244"0  of  chloride  of  --l" 
the  atomic  weiglit  of  sodium  would  therefore  Im?  28'17. 
found,  a?  a  mean  of  three  experiments,  that  l'"' 
required  for  precipitation  54"144  of  chloride  of 
the  atomic  weight  of  sotlium  would  l>e  22'1'T.  I 
of  .seven  experiments  of  a  similar  kind,  obtained  li 
and  Stas  found  it  to  be  23-05.     It  may  be  taken  w-  2ii. 

41.  ,'^nmfiin/i. — The  number  for  this  metal  wn-  nl-..  ..t.ri 
by  a  similar  method,  viz.,  bv  ascertaining  the  pr. 
which  a  given  weight  of  chforide  of  strontium  (Sn  i 

Erecipitation.     Stromeyer's  ex|>criment»i  give  the  nu 
>u  Marignac's,  87'54  ;  Pelouze's,  87"«>S  ;  and  the  nituiii  ut  a: 
raerous  series  of  experiment'*  by  Dumas,  givt>!i*  874S. 

42.  Sulphur. — Tlie  atomic  woiglit  <>t  suljihur  w 
by  Berzelius  from  the  weight  of  snl |>li ate  of  lead  fonu' 
ing  a  known  weight  of  lea<l  with  nitric  acid,  and  hentuii;  it  wit 
an  excess  of  snlphuric  acid  fill  the  weight  ceaeod  to  alter. 
mean  of  three  experiments,  100  parts  of  lead  yielded  140M 
Bulphafe  of  lead  (Pb.'r©,) ;  lieuce  the  atomic  v 
woidd  l>e  32*12.S;  thi^  re->ult  whs  contirnu'd  Kyc. 
of  silver  into  snJnhide  in  a  current  of  dry  su 
Erdmann  and  ^^larchand,  by  distilling  cinn;i 
ing*,  obtained  from  100  parts  of  cinnabar  • 
n  mean  of  two  ex|)er!nients.     T1.;>.   1..11I.I  n, 
su\\>\v\\r  cxivc\\\  '.Vi — ft  v<s\iU  ^\  «i 
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who  converted  a  given  weight  of  silver  into  sulphide,  by  heating 
the  metal  in  the  vapour  of  sulphur.  As  a  mean  of  five  such  ex- 
periments, he  obtained  the  number  32*02,  while  Stas  found  it  to 
be  320742. 

43.  Tellurium. — 1*5715  gramme  of  tellurium  when  o.^idized 
by  nitric  acid  and  heated  till  the  excess  of  nitric  acid  was  exi)elled, 
left  a  residue  of  TeO,,  which  Berzclius  foimd  to  weigh  1*9305 

Samme  ;  hence  the  number  ft)r  tellurium  would  be  128*30.    But 
umas,  from  experiments  not  hitherto  published  in  detail,  gives 
figures  which  would  make  it  12t). 

44.  Tin. — 100  parts  of  tin,  when  oxidized  by  nitric  acid  and 
ignited,  were  found  by  Berzelius  to  yield  127*2  parts  of  peroxide 
(SnO,)  ;  from  which  the  number  for  tin  would  be  117*64.  Mulder 
states  that  he  obtained  from  100  parts  of  this  metal  157*56  of 
peroxide  of  tin,  which  would  give  the  number  116*1.  Dumas,  on 
repeating  this  experiment,  obtainetl  the  number  118*06  for  the 
metal,  and  this  result  was  eonfirme<l  by  experinu'tits  on  the  quan- 
tity 01  silver  required  for  the  i>recipitation  of  a  known  weight  of 
perchloride  of  tm  (SnCl,).  The  atomic  weight  of  tin  may  there- 
tore  be  taken  at  118. 

45.  Titanium. — The  number  for  this  metal  rests  upon  the 
analysis  of  its  perchloride.  Rose  found,  as  a  mean  of  four  experi- 
ments, that  100  parts  of  the  perchloride  (TiCl,)  contained  74*46 
of  chlorine,  which  would  give  48*24  as  the  atomic  weight  of  tita- 
nium. Later  experiments  by  Isidore  Pierre,  in  which  0*S215 
gramme  of  TiCl„  furnished  1*84523  gramme  of  AgCl,  seem  to  fix 
It  at  50*34. 

46.  Tunagten. — The  number  189*28,  calculated  from  the  ex- 
periments ot  Berzelius,  was  only  an  approximation,  Schneider, 
on  repeating  the  experiment  of  reducing  tungstic  anhydride 
(WO,),  in  a  current  of  hydrogen,  found  that  100  parts  of  the 
anhydride  yielded  79*316  of  the  metal,  and  on  oxidizing  metallic 
tungsten,  and  reconverting  it  into  tungstic  anhydride,  he  tbund 
79*327  parts  of  metal  furnished  100  of  anhydride :  the  atomic  weia;ht 
of  tungsten  from  the  mean  of  these  results  would  be  184*12.  ^l:ij*- 
chand,  by  similar  experiments,  fixed  it  at  184*1  a  result  complete- 
ly confirmed  by  Dumas.  It  may  be  taken  as  184.  Persoz,  how- 
ever, has  endeavoured  to  show,  thou^i  without  much  probability, 
that  tungstic  anhydride  consists  of  H'O,,  not  of  WO„  and  in  such 
case  the  atomic  weight  of  tungsten  would  be  153*3.  See  note,  p.  573. 

47.  Uranium. — Some  doubt  exists  as  to  the  exact  combining 
number  of  this  metal.  Wertheim's  experiments  on  the  double 
acetate  of  sodium  and  uranium  would  give  118*48;  and  Ebelmen's 
on  the  oxalate  118*86  ;  but  P^ligot's  estimate,  which  would  make 
it  120,  i^  usually  adopted. 

48.  Vanadmrn. — The  atomic  weight  of  this  metal  was  deter- 
mined by  heating  vanadic  anhydride  (VO,)  in  a  current  of  hydro- 
gen. It  was  thus  reduced  to  the  protoxide.  Berzelius  found  as 
a  mean  of  four  experiments,  that  120*927  parts  of  the  anhydride 
lost  thus  20*927  of  oxygen.  Hence  the  atomic  weight  of  the  metal 
is  calculated  at  137-1. 

50 


,'in  TABLE  OF  COMBIN'IXO  XTTMBEES. 

40.  Zhic. — Favre's  experiments  ou  the  analysis  of  tlie  oxalate 
of  zinc,  and  ou  the  quantity  of  hydrojren  wliieh  a  given  weida  el' 
zinc  lilicratesduriujx  its  solution  in  hydrochloric  acid,  would  inake 
the  atomic  weiichtof  the  nu^tal  rttJ-O;  and  Jacfjuolain,  hy  tlu- lie- 
coniposition  of  the  nitrate  and  of  the  sulphate  of  zinc  iZnSO/i  hy 
heat,  iilitained  results  corresponding  to  the  nuniher  ()i>-'2i.  Vm: 
itriiiinal  experiments  of  Herzelius  on  this  metal  lead  tn  the  nmiilKT 
rt4*r>,  Snioeciuently,  A.  Erdmann  prepaix>d  a  pure  <>xi<le  of  ziin:, 
ndxe<l  it  with  pure  charcoal  ohtaine<.l  from  sugar,  and  di>til!ed  the 
zinc  in  a  current  of  hydrogen ;  he  then  oxidized  the  luHal  hj 
nitric  acid,  and  converted  it  into  oxide  by  ignition.  The  atomic 
weight  of  zinc,  calcuhittrd  from  a  mean  of  four  experiments  o> in- 
ducted in  this  manner,  is  <>5*04.  The  same  number  is  obtaiiad 
from  the  aifalysis  of  the  lactate  of  zinc  by  Pehuize. 

50.  Zt'/roiiiifiit. — A<a  mean  of  six  exi.K'riments.JV*rzel  in*  found 
that  ll'tt  parts  of  sul}ihuric  anhydride  iSO,)  re<jiiirf«l  lb->>'uj  i>t" 
zirconia,  in  onler  to  form  the  sulphate  of  the  earth.  Fluoride  t..f 
zirconium  forms  with  lluorido  of  potassium  two  emnpiund!;:  in 
one  the  fluorine  is  combined  with  zirconium  an<l  ]>iita-siiiin  in 
I'tjual  quantity;  in  the  other  the  qnantity  of  fluorine  ci>mbhii''l 
with  zirconium  is  ;J,  if  that  with  j>otassimn  is  2:  ln'nc<»  In-rze- 
lius  considered  that  zirconia  contains  Zr,0,.  and  the  ei»mbiniiju' 
numlwr  of  the  metal  is  (>7"1S,  but  De  ^larignac  has  sliown  tlia: 
zirconia  is  more  probably  Zi"0.,  in  which  ca-e  the  number  w>>ulJ 
be  >^t>-5.  ,  .  \ 

(lo;>o^  T<.ihh  nf  Civnhnihci  Xinnh'fA. — We  may  here  sum  ii]t 
•lie  l'.ireg"ing  r<'snlt<.  by  stating  that  the  t'>»lli>win:r  miitil««-!>  i.i.v 
!iO  taken,  for  tlic  pm-|ii»e  of  i-alcul:i!iiin.  a-;  n'|'ri-i-miiig  tii..-  a"-;:!' ■ 
-.Vi-ii.'ht'i  t'f  the  elementary  bodicr  oil  tlic  liy«lri«geu  s«.-:il<.-.  T!i>  v 
•VdiT  but  very  sliglitly  from  the  numbei>  given  at  ]';i;;e.~  :il  a:.  1 
r2  .•!  Part  I.": —         ' 


■p^sc "'^'^ 

....l:iTO 


iicaiMir. 27-5    Gold !9C-«    ri.ti»-ium y*\ 

ifi-.v.j:aT l'J2'0  j  llydrogi'ii i((    Kl;o  iiii:ii ".m-j 

lo-liiio 127'0    R-.it!n':i:;iiu i'-ii 

Iridium 197'2    S-.'loriiiiro T-j 

Iron jiI-O    SiUiti:: ;•  ■) 

Liintlianuiu 02-f»    SiiviT I'lr  ■! 


^Ti 210-0 

,  CJ,  10-9 

',  T~       '      80-OiLc'ad 207-0  S^MiMJii  . . . 

^. ....112-0    Idthinm 7-0  ;r!ro:iTi'irn 

nit'  -V-T        -iOM  .  Ma^eaium 24-3  m;;!' I'.ir  .. 

.jgat.   ..  ■••  ^^^  jo.^   Munganuse 5j-i>  r;ir::.ili;i  . 

1.1.  *-^ ..  M-O   McTWirjr 2000  T..r'iriu;:i  . 

I-    '"■,       "^  .  35-S !  Molybdonani 96«>  TlL-rlmim  . 

mg  a  iv       =» ■  .  53-5 : Nkkel sno  Tin 

an  (Xrc—     ^*" JJMI ;  Nitrogen 14-0  T;tuiiiu!i». . . 

Tn.-.M  ,,t'  ti     ■-^•■■'"..«-»', Osmium 1930  Tiii..'s:-n  .. 

nu.i.i.i   II.     -^ 0-«iOiygen lG-0  rr.uitiM.. 

'''>'r!i:'*''    "t    ■■ iM.FiIlMBlim lOrt-5  VniKi.li'iiLi.  . 

wii'.il-l  I'l- :'.i'-1l;  "  ■  ""  at'B>o^**™* 31*0  7.:uc. 


nt-i!vu-i!ir..,uli..   '"1«'.»BW™ '»■■-    Xlr^-oi'i":'« ■-' 

Kninumn  anil  >I;ii.  .in...  .   ,      ,. 

in-s  obtained  fro,,,  .    '.^tg^  Belaiton^  nf  th.-.  I\'r,j.,rt .'  ^  ■■  .- 

a  m.an  ..t'two  exiMi-iih     -S«««l  J^'""^  "^-'^  l''""'«^  >t:,rt..i  ::.r  M.:! 
su\\.buv  oxAv;x\v  -i-i— A  vv.      W|!»8ent  t"«  combining  pi-. ., .. .,-t i.-.u  A 
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ihe  different  elementary  bodies  are  multiples  by  whole  numbers 
>f  the  combining  proportion  of  hydrogen ;  and  he  attributed  the 
rarioQS  cases  of  apparent  departure  from  this  proposition  to  in- 
aecnraey  in  tlie  experimental  determinations  of  the  combining 
proportion  of  the  exceptional  bodies.  Since  that  period  an  in- 
sreased  degree  of  precision  has  been  attained  in  experiments  of 
this  nature,  and  many  of  the  apparent  exceptions  to  rrout's  idea 
bave  been  removed. 

Independently  of  the  importance  of  accurate  determinations  of 
these  numboi's  for  the  pur])oses  of  chemical  analysis,  and  for  the 
tracing  out  of  quantitative  relations  between  the  chemical  equiva- 
lents and  certain  physical  properties,  such  as  the  density  and 
specific  heat  of  the  simple  and  compound  bodies,  the  verification 
or  disproof  of  Front's  hyi>othesis  acquires  a  high  interest  from  its 
connexion  with  the  nature  of  the  elementary  bodies  themselves  ; 
for  if  the  combining  projwrtions  of  all  the  elements  be  multiples 
by  whole  numbers  of  the  combining  proportion  of  hydrogen,  it  is 
not  absolutely  impossible  that  the  various  bodies  at  present  re- 
garded as  elementary,  may  in  reality  be  compovnds  of  a  single 
primordial  substance  condensed  in  difierent  degrees  in  the  various 
BO-called  elements. 

If  experiment  -justifies  the  hypothesis  of  Prout,  it  would  be 
possible  that  the  three  following  propositions  were  true  : — 

a.  Similar  quantities  of  this  one  elementary  principle  might, 
by  variety  in  the  mode  of  tjieir  arrangement,  form  bodies  (at 
present  regarded  as  elementary)  or  radicles  of  equal  atomic  weight, 
but  endowed  with  distinct  properties. 

J.  A  radicle  intermediate,  in  properties  and  in  its  combining 
munber,  between  two  other  radicles  of  the  same  group,  might  be 
produced  by  the  union  of  l»lf  a  molecule  of  the  two  extreme 
radicles. 

c.  And,  finally,  the  supposed  constitution  of  these  radicles  (or 
bodies  at  present  regarded  as  simple)  might  be  assimilated  to  the 
compound  radicles  of  organic  chemistry  of  known  constitution. 
There  would  be,  however,  this  important  distinction  between  the 
radicles  of  mineral  chemistry  and  those  of  organic  origin ;  viz., 
that  the  radicles  of  inorganic  chemistry  possess  a  stability  indefi 
nitelj'  greater  than  those  of  the  organic  creation — a  stability, 
indeed,  of  such  an  order,  that  the  present  resources  of  analytical 
chemistry  are  insufficient  to  effect  their  decomposition. 

The  probability,  on  the  other  hand,  of  such  views  would  ob- 
viously be  negatived  if  the  elements  exhibited  no  such  multiple 
relation  in  their  equivalents. 

Certain  remarkable  relations  which  exist  between  many  of 

these  numbers  have  been  pointed  out  by  various  chemists.^   The 

whole  subject  of  atomic  weights  has  recently  been  submitted  to  a 

careful  revision  by  Dumas  {Ann.  de  Chimie,  III.  Iv.  129).     As 

the  result  of  his  investigations  and  calculations,  Dumas  concludes 

that,  in  a  modified  sense,  Front's  law  is  true* ;  and  he  considers 

*  Stas,  however,  arrives  at  an  oppoflite  condufiion.  He  has  lately  jmblished  a 
ioog  and  most  laborious  series  of  researcbcB,  which  it  appears  almost  impoasible  to 


ras 
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that  the  elementary  bodies,  the  atomic  weights  of  which  he  r^aith 
as  accurately  known,  may  be  arranged  in  three  groups,  or  rather 
two  groups,  if  the  duplication  of  the  atomic  weights  adopted  in 
this  work  be  followed — ^viz., 

1.  Bodies  which  are  represented  by  multiples  of  a  whole  num- 
ber of  the  atomi(i  weight  of  hydrogen. 

2.  Multiples  by  the  number  0'5  of  that  of  hydrogen. 

1.  Bodies  which  are  multiples  by  a  whole  nimiber  of  the  equi- 
valent of  hydr<^n : — 


Hydrogen. 1 

Carbon 12 

Kitrogen 14 

Oxygen 16 

Fluorine .' 19 

Sodiom 28 

Silicon 28 

Phosphonis SI 

Sulphur 82 

Caelum 40 

Mauganeae 55 , 

Inm 56 

Cobalt 69 

Mckel 69 

Zinc 66 


Araemo 75 

Bromine 80 

Uolybdennm 96 

Silver 108 

Cadmium 113 

Tin 118 

Antimony 123 

Iodine 127 

Tellurium. 129 

Barium Ij$7 

Tungsten 184 

Osmium 199 

Mereiiry 200 

Lead. 207 

Bismuth 310 


2.  Multiples  by  0'6  of  the  equivalent  of  hydrogen. 


Aluminum 27-6 

Chlorine 86-6 

Copper 63-5 


Selenium. 79^ 

Strontium. ,^. .     87-S 


surp-is?  in  precision.    In  this  memoir  he  gives  the  following  numbers  for  seme  of  the 
Kost  imj-ortant  elements  (0=S): — 


Orrcon 8 

S'.v.r 107-945 

Ch:.^ri;o 3546 

Po:;ij>ium 39-13 


Sodium 23-05 

Xitropen 14  041 

^ '-'"-         i'V03:i 


julphur 
Lead  . . . 


103-456 


Tho=i-  Tfjults  have  Ix-en  obtained  in  each  ca.<e  by  several  different  processes:  isl 
the  d  r''Vr.  acT  s  Vvrwoen  ihe  various  nuniLiers  thus  arriveil  at  fur  the  same  b'>.iv  arv  :i 
a'.l  o;Hv<  r..-,;oh  smaller  than  the  ditferenci-  tietween  the  mean  result  au'l  the  w"n;« 
i;-.ir.'."'-.  r  re-,-.,;ri;-d  by  Prout's  law.  These  nunilier?  were  obtained  by  opcnitina  wtL 
b,■.■..>.^.-^^  c;'  ua-.-.sual  delicacy,  and  upon  quantities  much  lartrer  than  is  cutstomsir  - 
ri<v.-r  ■•  s  of  tliis  kind — the  quantities  amountiug  in  some  cases  to  nearlv  a  pocz-i 
wti^V.t  o:'  t:.e  luaterials. 

T:.-:  :-.-.-.ii-.'v;r=  thus  obtained  do  not  dilTer  from  those  of  Dcm.is,  or  indee^i  fr-m 
tV  -<•;  ;r.  _■,:.«. r.ii  use.  s-.it1icient!y  to  ai^-ot  any  c.-Uculations  of  analyses  founde-1  ur-r-s 
t.  v-.v. :  '-.t  iVov.i  ti.e  variety  vf  ir.etlio-ls  eiiiplnyed.  and  t!ie  extraordinary  detree  ol 
ciro  ;.;.  i  :r.  .i-iio;!  wi:h  \vhiv]i  ttie  txi»-rime--:ts  ucre  mude,  the  results  are  of  Ij* 
hici-cs:  v.,'.v.t  ir.  re!;itioa  to  tiiC  hyivitiicsis  of  I'rout. 

N!.  .>-.!=  •.■■-...'ludos  Ills  memoir  with  these  words: — 

-'S^  !■.'-..-'  u*  we  a.ihere  to  the  n;'sults  of  experimtut  fur  the  establisljnctjt  of  th* 
Uwi  Vy  -.. '..i,h  :;.atter  is  pvemcd.  wo  ousiht  to  consider  the  law  of  Pro-^t  as  &  p:» 
i'."u-i  -. .  ;•-.;:  ^V-OiiM  roizard  the  iiideco:i;i.>05able  sr.bstnnc-s  vf  our  irlotic  a«  ii^tij-t 
V>  ■  s.  '...v'v.^  !-.o  sipoi'ie  re;ations  bet-.veen  their  atoir.ie  wci^!;ts.  Ti^e  -.:r,  :-i:iV-Sf 
;-.:..-c;y  i-J  rropertie?  which  is  observed  in  certai;)  of  the  elemeut^  i:ia«-t  K  '  ■..^'•.x'.t 
■;.    ■:...?  causes  t':.:in  tliose  derivable  from  the  relutioas  in  wvig-ht  of  ti;e:r  .t:':.: 

V-  ■  v-anaot  too  -eaiously  watch  any  twistine  of  esp'"-rimeiital  data  t-->  --^  t  -izt 
t:-.  >  rii  >:  .iv.-.i  those  whoari.-  familiar  with  the  speciilntio!:s  on  {]■•:■  u-wa-t'.-'iI  re's:..:.' 
c'"  •.;,!•  a:.'. :ic  wc'.clits,  cannot  but  iVcl  tliat  ihi-  severe  iiietl.-J  cf  i!,.i'j-;.,-:,  frco 
facts  h;.s  in  iV.is  c.ise  Ive::  more  th..n  usually  departed  from  >y  iLe  f.-liowcrs  ol  « 
Knttico  wYiicJi  \s  tTe-vimvueutly  one  of  vxptriment. 
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The  relations  exhibited  between  the  numbers  of  many  of  these. 
I>odies  which  are  chemically  allied  are  often  very  remarkable : — 

1.  It  has  been  observed  that,  in  several  instances  where  two 
elements  are  in  close  chemical  relation  to  each  other,  they  have 
atomic  weidits  which  are  identical ;  this  happens,  for  example, 
with  the  following  pairs  of  bodies : — 

Cobalt  and  nickel ' 69 

Lanthanum  and  cerium 92 

Khodium  and  ruthenium 104*2 

Platinum  and  iridium ]97'2 

2.  In  other  cases  the  ratio  of  the  atomic  weights  is  as  1  to  2 ; 
for  instance : — 

Oxygen...  =  16         Sulphur...  =     32 
Aluminum.  =  27-5       Manganese.  =      66 

3.  It  has  also  been  stated  that,  where  three  elements  belong  to 
•the  same  natm-al  group,  the  atomic  weight  of  the  intermediate 

element  is  frequently  equal  to  the  mean  of  those  of  the  two  ex- 
tremes.   This  18  true  in  the  case  of 

lithium  .  =    7         7  +  39'l 

Sodium  .  =  23   ;    =23-05  ; 

Potassium  =  39  2 

the  number  for  sodium  being  the  arithmetic  mean  of  those  for 
lithium  and  potassium  ;  but  tliis  is  the  only  case,  in  which  this  re- 
lation is  rigidly  in  accordance  with  the  experimental  numbei'S. 
Several  groups  agree  very  nearly  with  such  a  supposition,  but  the 
divergence  is,  notwithstanding,  too  great  to  admit  of  being  attri- 
buted to  errors  of  experiment.     For  example :  — 

Calcium      =40  40  +  87-5 

Strontium  =    87-6  ;     =88-5. 

Barium      =  137-0  2 

Sulphur     =    32  33+129 

Selenium   =    79*5  ;     =60-5. 

Tellurium  =  129-0  2 

In  both  these  groups,  the  diflference  between  the  experimental 
and  the  calculated  number  of  the  intermediate  elements  amounts 
to  I'O ;  and  it  is  probable  that  this  difference  is  physically  true. 

In  cases  like  the  lithium  and  calcium  groups,  it  has  been 
BUggested,  both  by  Pettenkofer  and  by  Dumas,  that  the  relation 
between  the  different  members  of  the  group  may  be  analogous  to 
that  observed  in  bodies  of  organic  origin  which  belong  to  the  same 
homologous  series.  The  reader  who  is  desirous  of  pursuing  this 
speculation  will  find  it  ably  and  clearly  discussed  by  Dumas  m  hia 
paper  already  cited  {Arm.  de  Chimie,  III.  Iv.  164). 
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axel's  mode  of  determining  amount  of 

suboxide  in  copper,  616,  noU 
Acetylene,  bow  absorbed,  262,  noU 
Acid,  antimonio,  696 

"  antimoniouB,  597 

"  arsenic,  682 

"  araenious,  680 

"  auric,  696 

"  bismuthic,  605 

"  boracic,  226 

"  boroflnoria  227 

"  bromic,  127 

"  carbonic,  48  ei  aeq, 

"  chlorhydric,  101 

"  cblorhydrosulpburic,  160 

"  chloric,  115 

"  chlurocarbonic,  123 

"  chlorochromic,  688 

"  chloromolybdic,  670 

"  chlorosulphuric,  167 

"  chlorotungstic,  676 

"  chlorous,  119 

"  chromic,  534 

"  croconic,  250 

"  cyanic,  257 

"  cyanaric,  268 

"  dithionic  (hyposulphuricX  166 

"  ferric,  617 

"  fluoric  (hydrofluoric),  327 

"  fluosilidc,  221 

"  fiilminic  258 

"  fiilminuric,  269 

"  graphic,  60,  note 

"  bydriodic,  130 

"  hydrobromic,  125 

"  hydrochloric  (muriatic),  101 

"  hydrocyanic  (prussic),  253 

"  hydrofluoboric,  228 

•'  hydrofluoric,  138 

"  hydrofluosilicic,  221 

"  hydroseleuic,  181  ,      , 

"  hydrosuiphuric,  169 

"  hypoclilorouH,  110 

"  hyponitric,  89 

"  hyponitrous,  87 

"  liypophosphorous,  200 

"  hyposulphuric  (dithionic),  166 

"  hyposulphurous,  163 

"  iodic,  132 

"  iodoflulphuric^  168 


Acid,  manganic,  646 

"  mellitic,  250 

"  metantimonic,  698 

"  metapliosphoric,  197 

"  metastannic,  558 

"  roetatuagstic,  674 

"  muriatic  (hydrochloric),  101 

"  nitric,  78 

"  nitromuriatic,  107 

"  nitrosulpburic,  168 

"  nitrous,  87 

"  orthopbosplioric  (tribasic),  193 

"  06maD-oemic,719 

"  oemic,  718 

"  oxalic,  246 

"  oxymuriatic  (chlorine),  186 

"  pentatbionic,  167 

"  perchloric,  116 

"  periodic,  134 

"  permanganic  R46 

"  phosphalic,  199 

"  phosphoric,  193 

"  phosphorous,  199 

"  prussic  (hydrocyanic),  263 

"  pyrogallic,  absorption  of  oxygen  by. 
63,  note 

"  pyrophosphoric,  195 

"  rliodizonic,  260 

"  selenic,  180 

"  selenious,  180 

"  silicic,  211 

"  silico-fluoric,  221 

"  stannic,  659 

"  Bulpharsenic,  684 

"  sulpharaenious,  684 

"  Bulphantimonic,  600 

"  sulphantimonious,  599 

"  eulphocarbonic,  176 

"  Bulphoxy  phosphoric,  206 

"  sulphuric,  153,  157 

"  sulphurous,  149 

"  telluric,  182 

"  tellurotis,  182 

.  "  tetrathionic,  167 

•'  tiunic,  666 

"  trithionic,  166 

"  tungstic,  673 

"  vanadic,  678 
Acids,  action  o^  on  metals,  7t 

"  action  of,  on  salts  in  solatkm,  730 
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**      mocLiibiuiic,  3'Hi 

"       DOinoiiclntur'!  of,  8 

"      polylwmc,  aiy,  aai 

**      polj-Uiionki  UH 

••     coilpluuRHiMd,  l«a 
Adtwaton,  tafiumae  o(  i»  aflluiijF,  1SS 
Ailic  IvvDl.  'AtiH 
AdnlikDA,  Hi's 

Afflnily.  VM  OlieniiCal  Atinction 
Ajeaiti.  ail 

A)ci)'>  Dtlitr,  615 

Air  in  wuif  r,  liuwr  e^lim:itfHl.  31,  Hofe 
"  LaviWot «  BMlynis  of,  by  inwrciry,  11 
"  prcupiioo  at,  lufluouco  ou  conibuiitioti, 

"  Kuwifttt  I  if.  27 
Alnba^trT,  ItC 
Albih-.  i'J^T 

Altiumert,  u»  of,  io  photogniplijj  766 
AtKnrolti,  jirjirdtriif.  "jiH 
AlUll  im<Uik  2t<».  S'iU 

•^      "       oonveratcin    Inio    chlorides, 

••       "         mliinittloii  ot,  4&a 
AAnlimeur,  S4S,  a4» 
AlkB.liiORli7,  X6Q 
Alkalina     Mrtim,    wpamtiou     o(|    rnioj 

nik«lli«,  4fi7 
AllotiiftiiKai,  fiV-V  w>(« 
Allulrvpie  tu<vJi(1oittcirtii  ornrban,  08 

*•  "        mil(>!ii^r,  145 

AHoys,  y^on^ra)  pri]j»«rlit!«  of,  21'} 
AIiiiu.  430 

•'    ortuov'iiiratwi,  43<j 
"     .aclitai,  4Sl 
"     •Btnni-V  4ai 
'•     varfiii^  fit  433 
AlumiuA,  il!i 

•'         liydrnMjg  <»t  436 

"         sails  i»f  [ive  al iiainutd J 

•'        aoliible,  i2^ 
Aiumimte^  433 
AluromQai,  433 

"        allwi  oC  425 

"        bnuizA,  4>jr> 

"        diloridos  t>C  42s 

"  fluoride  of;   439  , 

"         pliiiajjlistea  of,  433  y 

"         aiiicatsH  of,  4S4 

"         BulpliaUv  uf,  430 

'■        ifsta  (or,  445 
Ainalgmiti.i,  651 
Acnblrtrouite.  434 
Amtfilivsl,  !!ll 
Amiaiitliua.  4hh 
Amides  397,  note 
Amidugeu,  97 
Amiuooia,  stclfoD  oi^  on  salta,  39^ 

"         -aluin,  4:(0 

"         coiitposititju  oi;  94 

"        Gvnvenicm  at,  inCo  Dltrfo  acid, 
ST. 


"  gas,  ItquisniMioii  <jf,  ^ 

"  "  prepwatkm  at,  n 

"  nnulBlAoi;  SDI 

"  ptO|iorUda  at,  in  ur,  91 

"  aoluthin  of,  96.  389 

sources  of,  1>1 
'  uibte  of  strengtia  of  aolutios,  1 

Ammant*t«d  biiMa,  &d& 
Ainiuiriii iili*)!,  ur  »it)niMiii%  3HI 
AmmotitUMi,  tfti.  »W6.  3«« 

"  carboiuUwoC  SM 

dtlorliie  oC  :i91 
"  liyilraMlphAU>  6f;  3M 

"  piifsi*  of,  sua 

"  pli'wpliwujn  <<  384 

"  »ilp)<i!il<i)  i-ir,  S9S 

BuJptiidm  of,  'J9& 

"         lusts  for,  ai»8 
AmfihitKile,  4;i5 
Aii^lnme,  43* 

Alinlriua  of  oxidCis  b^  liydroip.'!!,  (S 
Att»ilu»&  Sfii 
Acilivdride,  adtinKJUtCi   fi&S 

"  nr^onic,  6S2 

"  l)Ltn|)i)tbic,  &0& 

"  biipicic.  224  I 

"  uarUuuic,  49 

"  cWarfiTia,  118 

"  eliromic,  53t 

"  liy(N*liii'm)u&,  109 

RKiia  13  J 

"  Qiolybdic,  6G& 

"  tiitne,  79 

"  iiitroas.  SI 

"  pliospbofic,  193 

"  pliwpliuruu!^  199 

"  Mleiiious,  180 

■*  wilphAraeaic  SS4 

"  su][iliuria  1&9 

"  !iul|>Kiiro<is,  14S 

"  litiuiic  5KJ 

'•  tiiugslic,  573 

"  raDHdic.  &77 

Anlijiirideg  dwtiiigoiahed  from  iddi^  111 
Anhydrite,  4 Hi 
Anliydruubriirariles,  S8S 
Auhydrosatu,  33:^ 
Aribvdmuii,  wliac,  33 
Aiiticlilore,  381  ( 
Atitmmmtea.  r>9) 
AntirDuny,  o11<tj»  uf,  534 

"  a«id  zinc  nlloy,  6»6 

"  liTOmideof,  601 

•'  butler  nC  ftiil 

"  cnjous  of,  fi&3 

"  eruilo  (Rulphid*'),  59S 

"  BSlimntkm  nf;  602 

"  extruciii-pii  of,  698 

"  glnss  oK  S',<fl 

"  golden  aulpliidu  of,  600 
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Antimony,  Oore's  modi6cation  o(  59S 
"  iodide  of,  601 

"  oxides  of,  696 

"  oxyaulpliide  of,  699 

*'  peniachloride  of,  601 

"  peraulphide  oC  600 

"         properties  of,  694 
"         eeparation  of,  from  araenic  and 

tin,  603 
<•  B^quiozide  of,  696 

"  sulphide  of,  599 

•■         terchloride  of,  600 
"         teste  for,  602 
"         vermilion,  699 
Antimoniuretted  hydrogen,  698 
Astozone,  22,  noU 
Apatite,  422 

Aquafortis  (uitrio  acid),  13 
Aqua  regfia  (uitromuriatio  add),  107 
Aqueous  vapour,  amount  of,  in  air,  28, 
AragonitA,  417 
Arbor  Dianse,  688 
Argentic  oxide,  681 
Arseniates,  683 
Arsenic,  antidote  for,  687 
"       bromide  o^  686 
"       estimation  of,  692 
«       fluoride  of)  686 
"       bydrid^  of,  685 
"       oxides  of,  680 
«       sulphides  of;  583 
"       terchloride  oi;  686 
«        teriodide  of,  686 
■  "       tests  for,  688.  592 
"        white,  580 
Arsenical  nickel,  482 
"        pyrites,  520 
Arsenicum,  573 
Arsenites,  581 
Arseniuretted  hydrogen,  685 
Artificial  siliceous  stone,  21K 
Asbestos,  455 
Assay  of  gold,  694 
"    manganese,  544 
"    silver,  672  et  teq. 
Atacamite,  620 
Atmospliere,  a  compound,  1 1 

"  analyHis  of,  27,  note 

"  composition  of,  26 

*  table  of  composition  of,  SO 

Atomic  weights,  data  for  determining,  777 
el  »eq. 
"      weights  of  elements,  aid  from  ana- 
lysis, 773 
"      weights  of  elements,  numerical  re- 
lations, 788 
"      weights  of  elements,  table  of,  786 
"      weights,  relation  of  speciQc  beat, 
774 
Atoms  and  equivalents,  2,  note 
Augite,  455 
Aurates,  696 
Azote  (nitrogen),  34 

Ball  Soda,  362 
BarilU,  361 


Barium,  400 

"       carbonate  of,  403 

"       chloride  of,  402 

"       nitrate  of,  403 

"       oxides  of,  400 

"       peroxide  of,  401 

"       sulphides  of,  402 

"       sulphate  of,  403 

"       silicofluoride  of  408 

"       tests  for,  404 
Baryta,  400 
Baryto-ciiluite,  418 
Basalt,  437 
Base,  whut,  313 
Basic  water,  32 
Basyl,  317 

Bath  for  photographs,  754 
Bauxitr,>  427 
Bay  salt,  S54 
Beil-metal,  556 
Bellowfi,  action  of,  19 
Berthollet'.s  theory  of  effect  of  mass  on 

combination,  731 
Beryl,  445 

Beryllium  (gUicinum),  445 
Bessenier's  process  of  redniiig  iron,  504 
Bichromate  of  potussium,  use  of,  iu  photo* 

lilhugrupliy,  '57 
Binary  cotnpoinidx,  318 
Binary  theory  ot  salts,  315 
Bismuth,  003 

"  chloride  of,  605 

"         crj'stals  of,  604,  note 

"         estimation  olj  607 

"         glance,  606 

"  iodide  of,  606 

"  nitrates  oi;  606 

"  oxides  of,  605 

"         sulphide  of,  606 

"         tests  for,  606 
Bittern,  123,  364 
Bitumen  of  Judtea,  photographic  use  ot, 

757 
Black  ash,  362 

''     band  ironstone,  490 
"     flux,  for  arsenical  testing,  687 
"     lead  (graphite),  69 
"     wash,  655 
Blast-furnace,  491 

'*  gases  from,  492,  note 

Bleaching,  action  of  light  iu,  749 

"         powder  (chloride  of  Ume),  113 
Blende,  466 
Block-tin,  553 
Bloodstone.  514 
Blooincry  forge,  505 
Blowpipe,  hydraulic,  245 
mouth,  244 

"         oxyhvdrogen,  46,  701 
Blue  pill,  651 
"    ixiis,  00 
"     vitriol.  022 
Bog-inin  ore,  491 
Bole,  436 

Bone  phosphate,  421 
Boracite,  454 


iBorade  Ingooii^  J24 
'Btjfmtea,  226 

Borax,  3e9 
IJ^omn,  223 

"        Chloride  of;  181 
"         fiiiudae  of,  22T 
il     "        aitrido  oi;  228 

B[>r(matro«ai1(L'it«,  433 

Bojle'a  fuinLug  liquor,  390 
'firerd'aprocaaa,  tcstuig  btuldiog  Btooes,  420 
lIBnu^  01 S 
iBmu&ite,  643 
ISrigbt  wbite  cobalt,  473 
iBnuutoaa  (auVphur^  143 

Britminifl  metal,  656,  6di 
'  BriltleDesi  of  metals,  2T4 
iBrocliaiiiie,  Ci!3 

Brwtio,  (utperimettta  on  jwkrity  of  fttomg, 

iBromidea,  13€ 
'         "  tuetalUOiSll 

iBromiue,  133 
I       "         ohioride  ot,  13? 
i       "         l)j  ciruio  of,  136 
I  Bronze,  Ii57 
'  i  Bmoldte,  665 
llBmimwicb  (rreeis,  620 
I  Buddie,  385' 
■  Buililiag  (itoue^  4Sl 
'  "  Brard'a  mode  ofteating,  430 

Biiuseb's  bunj^r,  238  nolei 

"        experitseats  on  inflwace  of  mass 
on  sfficiitj,  T34 

Borelte^  350 

Burgles  lustre,  697 

Burnett's  diaiiifectiog  livlid,  4S6 

Butter  of  tin,  M'i 

Butjlene  (oil  gas),  3t6 

CtLDMICU,  46B 

"         oxide  o^  4G9 

"         KilM  ot,  469 

"  tesls  Tor,  410 

Oalainme.  467 
Oalwr«ou»  waters,  417 
OalDedon.r,  31 1 
Qilcium,  407 

"  carbona:»  of,  ills 

"         chloride  ot  414 

"         fluoride  of,  4 IS 

"  aitnvteof,  419 

"         oxalate'  of,  249 

"  plioepliates  of,  -121 

**         pliQspliide  of,  414 

"         Bilicideof;  414 

^         Bulptinte  of,  416 

"         sulphiilesor,  413 

"  test*  for,  422 

Cnlomel,  B65 

Calotype  (Talbotfpe),  752 
Candle,  oombuatioa  ot,  17 

••         flame,  341 
Canton's  pbosplwrua,  413 
Carbidi^B,  niutsllic,  318 
CUrboD,  biaulpliido  of,   ITS 


Cithem,  genaeral  propertien  ot,  €6 

*'     Icspoic^rof  prvmociagoxidJUt<»,41 
"       natural  sourcQH  oi,  Si 

GsrboDaEee,  55.  56 

Cartioaie  acid,  il 

"  "       cofnpOBitioa  oC,  SS 

"  "       ia  wader,  mtiowtioo  oC  '. 

rn4e 

**         "     precaatloos  rarbrMUkingUv 

54  • 

"  anliydride  (odd),  amminloC  » 

Bir,  29 
"  "  "      nutnntl  toiiini 

or,  51 
"  "  "     preiwrMJon  o( 

48 
'■  "  how  estimated,  < 

"  "  Byatbcqia  uC,  6S 

"         oxide.,  69,  78 
Oat^urem  (carbides),  SI 3 
OameliAii,  til 
Ci«9t  irou,  varietieB  o(,  497-438 

"   steel,  60  T 
OfluJyiiia,  739 

Liebig's  tbooiy  ot,  T39 
Caunter  lodes,  2Si 

Celesiin«  (sulpbate  of  etroDtiiun),  4M 
Cemeat,  Keatiiig'a,  41T 
"       Keene'si  417 
"       Martin's,  417 
*'       Portland,  411 
"       RoniBii,  412 
«       Scott's,  410 
Cerite,  449 

Cemeiitution  of  steel,  COO 
Oeriiiin,  449 
Cbalcolite,  483 
Cballc,  417 

Chalybeate  springs,  36,  S2Z 
GAarlion  nnix,  (>6 
Cliarcofll,  64 

"        auininl,  66 
Cbeniical  attraotJoa,  iaBxisatx  of  scbeaka 
on,  732 
"  "         influ^ace  of  eUvtidt; 

OIL,  723 
"         SnflueDL'e  of  moiu  oo, 
"i-il 
"  *'         ii;flu<iti{<e  of  soIatioQ 

on,  723 
"       otjuiralonta  (sea  atcimtc  weight*) 
"       rave,  extiuciiuu  of,  769' 
Cbessylite,  fl23 

Chinese  poroelalD,  fiiialygts  oC  440 
Gblorate  nf  pgiiLggiuta,  cauJytio  dccotnpo 

siiToii  of,  741 
Chloratea,  116 
Cbloridoa,  lul 

"        metallic,  demmpoaitiaii  of;  810 
"  "      prt'paratiun  ot,  309 

"  "      varieties  o^  306 

Clilorimetrr,  114 
Clilofiais,  y's 

"      li^ut'fiietion  of,  100 

"     aiid  liydruffen,  act  ioiiDfllgtiloo,  1 

<•     bjdrate  oi;  911 
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Chlorine,  peroxide  o^  119 
Chlorite,  4S8 
Chloritea,  119 
Chlorooitrie  gas,  107 
ChloronitrooB  gas,  108 
Choke-damp,  64 
Chromates,  536 
Chrome  alum,  539 

"        ironstone,  530,  584 
"        yellow,  636 
Chromiom,  630 

"  antidote  to  slow  poisoning  hj, 

641,  note 
"  chlorides  o^  687 

«  fluorides  of,  538 

••  nitrate  o[,  640 

"  nitride  ot,  639 

"  oxalates  ol,  540 

«  oxides  of,  631 

"  separatioD  of,  from  alkalies,  543 

"  s^oisulpfaide  of|  587 

"  sulphates  of,  589 

"  tests  for,  641 

Chrysobeiyl,  447 
Chrysolite,  465 
Chrysotype,  756 
Cinnabar„663 

Clark's  process  for  softening  water,  4 
Clay,  absorption  of  ammonia  by,  9% 
"    analysis  o^  436 
"    ironstone,  490,  623 
Coal,  61 
"    gas,  analysis  o^  267 
"      "    purification  of,  by  oxide  of  iron, 
615 
Coarse  metal,  copper,  610 
Cobalt,  470 

"      ammoniacal  compounds  o^  474 

"      areeniate  ol^  478 

"      bloom,  478 

"      bright  white,  472 

"      carbonates  of,  478 

"      chloride  of,  477 

"      estimation  o^  478 

"      glance,  473 

"      Liebig's  mode  of  separation  from 

nickel,  484 
"  nitrate  of.  477 
"  oxides  of,  472 
"      Bose's  mode  of  separation  from 

nickel,  471 
"      separation  of;  from  zinc,  480 
"      sesquioxide  of,  474 
"      sulphate  of,  477 
"      sulphides  of,  477 
"      tests  for,  478 
"      tin  white,  472 
CcBSia,  886 
Caesium,  884 

"        salts  of;  386 
Cohesion,  influence  of,  on  chemical  action, 

722 
Coke,  62 
Colcothar,  614 

Cold,  effects  in  suspending  chemical  action, 
746 


Cold  short  iron  (phosphuretted),  504 
Collodion,  764 

Colour,  influence  of;  in  photography,  773 
Coloured  glasses,  aljsorption  of  chemical 

rays  by,  772 
Columbium  (niobium),  667 
Combining  proportions  of  elements,  data 

for  fixing,  776 
Combustion,  its  nature,  17 
"  products  of,  19 

"  quick  and  slow,  18 

"  spontaneous,  18 

Composition  (tin  salt),  562 
Concrete,  412 

Concurring  attractions,  741 
Condy's  disinfecting  fluid,  648 
Copper,  607 

•'      alloys  of,  616 

"      ammoniacal  sulphate  of,  688, 622 

"      antidotes  for,  624 

"      best  selected,  61 1 

"      black  oxide  of;  617 

"      bromides  of;  623 

"      carbonates  of,  623 

"      chlorides  of;  619 

"      estimation  of,  626 

"      hydride  of;  618 

"      nitrate  of,  623 

"      nitride  of;  618 

"      ores  of,  608 

"      oxides  of,  616 

"      protosulphide  of,  619 

"      phosphide  o^  619 

"      pyrites,  618 

"      quadrantoxide  of;  616 

"      selenide  of,  619 

"      silicide  oC  615 
'  "      smelting,  610 

"      subiodide  of,  621 

"      sulphate  of,  622 

"      sulphides  of,  618 

"      tests  for,  624 
Copperas,  621 
Coprolites,  421 
Cornish  stone,  485 
Corrosive  sublimate,  656 
Coruudum,  426 
Crocus  of  Mars,  614 
Cross  courses,  282 
Cryolite,  429 

Crystals  iu  sulpburic-add  prooeos,  16S 
Cubic  nitre.  861 
CuUet  (broken  glass),  873 
Cupellation  of  gold,  694 
"         lead,  629 
"         silver,  672 
Cupreous  chloride,  620 
"         oxide,  616 
Cupric  oxide,  617 
Cuprodiammonium,  620 
Cyamelid,  258 
Cyanides,  255 
Cyanite,  436 
C^ranogen,  261 

"        chlorides  dt,  SCO 
"        iodides  o^  261 
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QnooMii,  liqueracdon  oC  353 

Feme  oxidft  613                        ^^^H 

>•        sulphjrdrtdMof.ieftl 

Wemcjetncgm,  S6I                         ^^M 

DAdaciuuMTYrc  f^ 

Ftli«riut;-pap«r,  athm  6C,  4<Sl              ^H 

Doboa'*  oxpartmentii  on  loAaeooe  of  rasas 

PUtniiou.  precBUtiriut,  4^9         ^^^^H 

on  chfmicol  Bltmetiou,  73tt 

Fiue  raetal.  copper.  filU              ^^^^^H 

Ufisi/  -ol'  biilldiii(?s,  421 

Finery  cinder,  504,  £!4             ^^^^^H 

iJiviiiHil  juilt  nijhitiou  fur  «ijvur,  61$ 

Fireday,  4,14                               ^^^^H 

iH'dntiTMtMin,  Mlmt,  340 

Fvre-damp,  237                                         ^^M 

I>t'Jimn'«>»i)nif.  what,  33,  aute 

Fixed  iijf  (carbiwic  aai\  Gl               '^^ 

DrvdopititJe^'luUyn^for  plin>ti3gr»pli^  161, 

Fixing    aolauoos   for    plio^^FIpb^  ^S) 

• 

7a4 

T»4,  7«a 

D«T(IK''»  Itoic  furciBOo,,  TO! 

FtiiBUS,  high  temperature'  oC  2S7 

DfTlti-iQaitiiou  of  glut,  316 

FlaQie,  gfuenit  coanct^n  o^  23D 

T>hil  irnLSiiic,  tiSa 

Flint,  311 

ItUniuriit,  GS 

Fluor  ipar,  415 

"        ooiivereioii  0^  into  gt»phlt«,  59 

Fliiope«eeQ(  niys.  alao  photo^pbic^  1S> 

Di»«pnre,  42ii 

Fluoridea,  140 

Didjrtamin,  460 

"         ratftallie,  313 

Diurite,  4»I 

FluorUtei  1S7 

Diplutidttmine,  107 

"      crjoibinint;  number  determined,  14t 

Dil>lataeu.ti]iD<\  1UI 

Fly-p-iwder,  679"                                 ^« 

DtaplAoeiuQBt,  oollection  ofgMM  by,  41, 

FiiniHils,  «iopiri«»I  and  rutiotul,  6      IH 

&0,  94 

Fowier's  onenioal  Mliitjan,  gSl           ^H 

DJMfafwrtiug  Huid,  BuraoU*.  iM 

FmukliiiJU-,  file                                   ^H 

"      Ooudj-'s,  H9 

Frencb  cbalk  (sileKtil*;),  455                   T^ 

DistJKMio,  436 

Frsiieeiins  and  B>iWa  t«et  for  afseoic,  f$l 

Dolorite,  4S7 

Frcwdiu  atid  Will,  alkalimeuj,  SOO 

iMoinitP,  454 

Friction  tubca,  34Q                                 t   ■ 

IJruiiittijnd't  liRUt,  47 

Fulbr'Ei  earth,  4Si6                           ^H 

Ductilit.f  uf  nietaJd,  )T9 

Fulniinatea,  258              '                       ^^ 

f 

Dunioji'  cxpKrimeiibi  oa  •.tomio  weiehta. 

Fur  ill  iMilorB,  liow  prsvented,  3&0             ' 
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Fii»rt»bidiia,  476 

Dal*h  liquid,  331 

Fusible  metoS,  605,  633 

"          cUlof  i  no  rajtniwimds  from,  23  3 

Dykes,  2Sa 

GAtTOLfSlTE,   44il 

Galmite,  437 

E*STiiE.vw,*K£.  4S8 

Gnlena,  637 

EHJorL-sceiioi.',   wlint,  33 

Galruiizc-d  iron,  464 

ElHsticii^,  iijfluetR'e  of,  on  attr&otion,  123 

Oamet,  43S 

Elajl^oleflaut  gaj!f,231 

Gasws,  ajoaljaiB  o^  263 

Electric  cublo,  lieaUn^r  of,  IS,  note 

'*      nirxles   ol  ilktiugm^liilij^  £63,  ISi 

EIumODta,  daffliflcntioti  o(,  7,  8 

Oaa  pipette,  52 

non-roetallic,  table  ai,  10 

Gay-LuBaitf,  417 

Etneralci,  445 

Oedge'e  alloy,  file 

Emery,  425 

Gems,  imitutiotis  of,  377 

Etiajiiitf],  nIB 

GemiiD  siU-iir,  483 

Epsom  m\ts,  453 

Gibbfiite,  4S3 

KquiviileDtd  andattimH,  S,  notd 

Gilding,  691 

Erbia,  449 

Glacial  pbosphorie  acid,  193 

Eicbiiig  on  glnas,  139 

"       sulpliufic!  Boid,  159 

EtUiup's  TQJneral,  653 

Gladstono'a  exp«ri(nent8  on  iafluttiM'  «l 

Ethylene  (oMautiiiiis),  2X1 

mass  OB  afflniiy,  732   , 

"        bibroniideor,  23& 

GIfcw,  371 

"       biehloride  of,  m. 

"      Bobenitan,  373 

biuiwiide  pf,  235 

"      bottle,  315 

Euchloriui',  121 

"     cotoured,  SI  7 

Eudiometer,  Caveud  Sail's,  42 

"      cfowij,  374 

Hjplion,  447 

"     devitriticalionor,  S75 
"      disinwifraljon  of;  379 

Fahlekz,  ei9 

"      FhmmJiiV'X  376 

Fnult,  iu  miniag,  i52 

'*      flint,  37S 

Ft'Upar,  43a 

"      Ball,  374 

Ferracntntioa,  739 

"      Guiuand's.  376 

Fer  dinigte,  490 

"     irregular  den-iity  of,  37ft 

ferr&tw,  till 

"     of  autimony,  683 

^^g^^ 
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Olaas,  optical,  i'li 

"     plate,  873 

"     pots,  877 

"     properties  oi;  879 

"     soluble,  369 

"     table  of  analysis  of,  372 

"     window,  874 
Glaoberite,  368,417 
Glauber's  salts,  357 
Glazed  pots,  379 
Glaang  stoneware^  Ao,  448 
Oludna,  446 
GluciDum,  445 
Gneiss,  437 
Gold,  alloys  of,  692 

"    and  sodium,  hTposulphlte  o(  166 

"    amalgams,  691 

"    assay  of;  694 

"    bromide  of;  698 

"    chlorides  oC,  697 

"    estimation  of,  699 

"    extraction  of,  689 

"    fine,  690 

"    fulminating,  697 

"    iodides  of,  698 

"    leaf,  690 

"    oxides  of,  696 

"    properties  of,  690 

"    parting  from  silver,  693 

"    solder,  694 

"    standard,  693 

"    sulphides  of,  697 

"    suspended,  purple,  698 

"    tests  for,  699 

"    washing,  689 
Gothite,  514 

Graduation  of  brine,  366 
Grain-tin,  553 
Granite,  437 

Graphite  (black-load),  59 
Graphon,  61,  noie 
Green  vitriol,  521 
Greenockite,  469 
Greenstone,  437 
Grey  antimony  ore,  599 

"     copper  ore,  619 
Gros,  platinum  salts  of,  706 
Guano,  ammonia  in,  398 
Guignet,  vert  de,  634 
Gun-metal,  557 
Gunpowder,  342 

"        Karolyi's    experiments    on, 

843,  note 
"        white,  846 
Gypsum,  416 

Hjevxttte,  490,  614 

Hair  alums,  483 

Halloysite,  436 

Halogens,  general  characters  of,  185 

Haloid  salts,  315 

Hard  solder  for  brass,  616 

Hard  and  sofl  water,  36 

Hartshorn,  spirit  of,  393 

Hausmannite,  645 

Heat,  effects  of,  on  chemical  attraction,  746 


Heavy  lead  ore,  686 

"      spar,  (sulphate  of  barium),  403 
Hemming's  safety  jet,  46 
Hornblende,  465 
Hot  blast  for  iron,  495 
Humboldtite,  624 
Hyacinth,  447 
Hydracids,  814 
Hydrates,  38 
Hydraulic  limes,  410 
Hydrides,  metallic,  318 
Hydrochloric  acid,  action  of;  upon  oxides 
106 
"  "    impurities  of,  104 

"  "    solution  of;  163 

Hydrocyanic  acid,  tests  for,  266 
Hydrogen,  gaseous  compounds  of,  41 

"         peroxide  of,  228 

"         persulphide  of,  174 

"         phosphides  of,  208 

"         preparation  of,  38 

"        properties  o?  40 

"         puriflcation  o^  46 
Hydrophane,  219 
Hydrosulpliates,  172 
Hypochlorides,  112 
Hypophosphites,  201 
Hyposulphites,  168 

Iceland  spar,  417 

Idocrase,  437 

Ilmenium,  667 

Indian  fire,  584 

Iridium,  646 

Ink  for  marking  linen,  686     . 

lodates,  133 

Iodides,  131,311 

Iodine,  128 

"     bromides  o^  1 84 
"     chlorides  o^  134 
"     estimation  of;  182 
"     tests  for,  129, 132 
Iridium,  719 

"       chlorides  of,  721 

"        oxides  of,  720 
"       sepaiatiun  from  platinum,  721 
Iron,  action  of  air  and  water  on,  611 

"    alloys  of,  613 

"    alum,  622 

"    amnioni(M:hloride  of,  621 

"    analysis  of,  629,  530 

"    bar,  510 

"    Bessemer's  refining,  504 

"     bisulphide  of,  519 

"     bloomery  forge,  506 

'•     boiling  of,  fi02 

"    bromides  of,  821 

"    carbides  o£  498 

"    carbonate  of,  623 

"    case-hardening,  509 

"    cast,  varieties  of,  498 

"     Catalnn  forge,  506 

"    chlorides  of,  520 

"    oold  short,  504 

"    effects  of  sulphur  on,  498,  noU, 

"    eflfecta  of  wolfram  on,  498 
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Iron,  mtimalian  of,  526 

"    eMimation  of  rnixed  oxJdea.  623 
"    beat  pruUuocd  bj  ita  oiidttion,  18, 

"  hydriiSe  of,  Bll       Sti  '^..i^ 

"  iodide  of,  bil 

•'  lute,  6»»  ' 

•*  mtgnelk  ojdde  of,  SIS  * 

"  ma^frtie  pyriUst,  619  ._, 

"  msllMble  caBt,  600 

"  niPteoric,  488 

"  native,  488 

"  nitratee  tit,  fiaf-Ji     ■ 

"  ititrtde  of,  BIT 

«  orw  of,  489 

"  outoUsof,  SM.^ 

"  oxJd<e«i>f,  SIS  '^ 

"  iMimivft  SI  3 

"  purHuljihate  o!"  SM 

"  phf*iiU«W»  of.  624  ^ 

"  phaiiiiliiilit  uf,  £'30 

"  propertioe  iif,  oil 

"  pueJdling,  Culvert  and  Johnson'*  ei- 

parllDPDts  oa  603,  nob 

"  piirJi  pwpnfalioa  ol^  610 

"    n.yl  Blxirt,  &13 

"    rettiiinit,  600 

•'    resin  (oXMlnte),  SS4 

"    nwtiafc  of;  611 

'^    »»qaloxad«  of,  AU 

1'    ail'ic«w«  of,  SM 

"    naeddn)^  4ei-49T 

"     Bulptmte  of,  521 

"    sulpiJides  of,  611 

"     vesAB  ioT,  62  S 

'■    wMtigiit,  how  obtained,  B0<)-60S 

"    yearly  produce  o^  497,  note 
IseHue,  G65 
leomeHsm,  219 
iBomorpbinn,  aid  in  Sxing  atomic  weigfati^ 

776 
Teomorplioua  mixturest  notation  of,  326 

JI0GTN6  orea,  £85 
Juckee's  smok^-bnni^,  4i 

KAOLi?r,  43S 

Kelp,  357 

Kermea  mineral,  600 

Eirael'roaBting^  ofoopper,  618 

KicTe,  280 

Killna  (clav  aUto),  608 

K-in^'a  ytlfow.  S84 

Kish  (^naphite  tkim  iroo),  500 

Kohinoor,  cutting  ot,  5S,  Mit 

Kupfiruickel,  498 

LABRXDORITEi  437 

Lae  gnlphuria,  ITS 
Lake  pi^etita,  4ST 
LAmpblndc,  04 
LaQUsnrmio,  449 
I<iipis  lAEuIi,  443 
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Lati^ing  fu  (aitro«i>  oxiiicX  M 

L«?ad.  B2S 

<*  ai-iiMr  of  air  mud  fnler  «fi,  tU 

"  aJlovs  wC  ess 

"  bo»teoC';4l 

■*  bromide  ot,  $39 

"  carlicinat«  oC  041 

"  chloride  ot,  889  ^ 

"  ehlor««8ulpttide  o^  639  Hlf 

"  chnonmte  <>(  581,  68$    **^ 

'*  cupellalion  of,  029 

"  desllveiiiig  of,  G£S 

"  >«lini(itinii  of  644 

"   i  -  .:39 

t,   .  ,1 

"     ril'ritoj  i.f,  i540 

**   oxidii«w(,  tiaa 

"    oxfchloride  o^  $3S 
**    p«roxid6  ot,  436 
"    pltosphatM  olE  640 

"  red.  eaa 

•'     wIlninE,    621 
"     uliol,  633 

*'  wik*tMd;wt 

'•  aa)ellfav.«4« 

*•  enlptute  «i;  «■  .  * 

••  «q}phTliioC  iM 

Lepdollm  WlfMi 

I^eiifcoQ,  tn 

Ligbt  carburetted  hfdmeea,  SiA 

"    cJi«Dtc»l  effects  01,  747 
"    of  fiflfoea.  241 
"    redudtia;  effwSa  oC  7B0 
"    gufipoeed  effect    o(,    on   ajtUHSa- 
tion,  74T 
L{ffl«,    cbloride    of  (l>lMding    {MwdtrX 
112 
"       dead  burnt,  410 
"       hjdrate  of,  409 
"       bjdmalic,  410 
"        salts  f>t  see  GalctOtd 
"       uso  oC  M  maniin,  41i 
Limekilns,  407 
Lilacs,  fftt  bitd  poor,  410 
LimestODe,  417 
Lime-water,  409 
J  rLiquation  of  «l»er  from  cc^jKr,  Mli 
Lrqutifaction  of  cj-snogen,  S5S 
Liquor  potaii^  SS3 
LitliBrg«,  €34 
LillU*.  S8l 
Litluam,  Sei 

"        carbooate  of;  38S 
"       chloride  oC  3ai 
"        phwpbnt«  of;  S83  • 

"       iutpbate  li  3S1 
"       tests  for,  8B.1 
LitiDUB,  BotioD  of  addt  on,  SIS 
Liver  of  sulphur,  336 
LWviation  of  black  ash,  361 
Ijoadstone,  44W,  610 
JUuBB,  43ft 
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)dea,  288 

icifer  matches,  190 

iigol's  solution  of  iodine,  130 

unar  caustic,  686 

uteo-cobaltia,  475 

AaiSTaAL,  for  fiilTer  ore,  667 
agnesia,  453 
"        alba,  454 
"        hydrate  of.  453 
agnesian  limestone,  421,  464 
agneaite,  453 
agnesium,  450 

"         and  potassium,  sulphate  0^453 

"         borate  o^  464 

"         carbonate  o(,  458 

"         chloride  of,  458 

"         estimation  of,  451 

"         nitride  of,  462 

"         nitrate  oC  453 

"         phosphates  of,  464 

"         photographic  use  o^  462 

"         silicates  of,  465 

"  sulphate  of,  452 

"         sulphide  of,  452 

"  tests  for,  455 

agnetic  iron  ore,  488,  616 
agnus's  green  platioum  salt,  706 
alachite,  623 
alleability  of  metals,  273 
anganateei,  545 
angHnese,  612 

"        assay  of  oxides  of,  644 

"        black  oxide  of|  644 

"        blende,  648 

"        carbonate  of,  549 

"        chloride  of  548 

"        estimation  of,  560 

"        fluotides  of,  549 

"        isomorphous  relations  of,  550 

"        oxyclioride  of,  649 

"        red  oxide  of,  546 

"        separation  from  other  metals, 
550 

"        sesquioxide  of,  543 

"         spar,  549 

"        snlphate  of;  549 

"        sulphides  of^  648 

'•        tests  for,  550 
anganite,  543 
anganous  oxide,  643 
argueritte'B  test  for  iron,  529 
arking  ink,  686 
arl,  436 
ars-hgas,  236 

arsli's  test  for  arsenic,  589 
assicot  634 

:a.<is,  influence  of,  on  affinity,  731 
edals  by  compression,  270 
eerschaum,  455 
ellite,  250 
enaccanite^  666 
trrcuramine,  652 

ercuric  chloride  (oorro.  sublim.),  656 
ercurous  chloride  (calomel),  655 
ercury,  647 


Mercury,  amnlgams  o^  650 

"        ammoniated  derivatiTee  of,  66S 

"         bromides  of,  669 

"        chlorides  of,  666 

"        estimation  of,  663 

"        extraction  of,  647 

"         iodides  of,  659 

"        nitrates  of;  661 

"        nitric  oxide  of,  669 

"        nitride  oi;  660 

"        oxides  of;  661 

"        oxychlorides  of,  666 

"        purification  of,  660 

"        sulphates  of,  661 

"        sulphides  of,  663 

"        tests  for.  663 
Metachromic  oxide,  633 
Metals,  action  of.  on  acids,  77 

"      classiflcation  of,  289-294 

"      condition  of,  in  nature,  279 

"      fusibility  of,  275 

"     general  properties  of,  770 

"      hardness  of,  271 

"      in  powder,  271 

"      malleability  o^  278 

"      native,  280 

"     speciflc  gravity  of,  276 

»      tenacity  of,  271 

"      variable  equivalents  of,  822 

"      volatility  of,  276 
Metameric  compounds,  259 
Metantimoniates,  598 
Metaphosphales,  198,  199 
Metasilicates,  215 
Metastannates,  568 
Metatuiigslates,  576 
Meteoric  stones,  489,  note 
Methyl,  hydride  of  (marsh  gas),  236 
Mica,  438 

"    sliite,  438 
Microoosmic  nalt,  394 
Milk  of  lime.  409 
Mine,  plan  and  sections  of,  283 
Mineral  chanxeleon,  645 

"      green,  624 

"      veins,  281 

"      waters.  36 
Mining  operations,  283 
Minium,  636 
Mirrors,  silvering  of,  558,  670 

"  "  Liebig's  mode,  671 

Mispickel,  519 
Moiree  metalliqne,  656 
Mol.vbdates,  5C9 
Molybdenum,  567 

"  chlorides  of,  670 

"  oxides  of,  568 

"  sulphides  of,  670 

"  tests  for,  670 

Mordants.  427 
Moroxite,  422 
Mortars  and  cements,  409 
Mosaic  gold,  561 
Motion,  influence  of,  on  chemical  attrao 

lion,  740 
Mouth  blowpipe,  248, 244 
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Handle  (iron  pjritea),  619 
UunU  metal,  SIO 

Sapleb  yellow,  698 
JJiitivo  nietnls,  281 
Natron,  361 

Negative  photognplis,  tSL 
Niekel,  ar^enioul,  482 
"      curfaoDate  .(ir.  4RS 
"       ohlorirte  (if,  483 
"      estimation  of,  481 
'•       extraction  gf,  480 
'•      glanoe,  483 
"      oxides  of,  4iia 
"       properties  ol\  461 
"      aulphate  o^  4a3 
"     sulpbLdea  of  iSi 
"       test*  for,  484 
Niobium  (columbiuro],  961 
Nitrates,  SI 
Nitri}.  sag 

"     pbntations,  333 
"     reHiiiiig  of,  34(1 
Kitric  Bcid,  action  of.  on  meinls,  80 
"         Hiireaurt's  ri><-ltiod  for,  Sa 
"        hydrates  uf,  79 
"         Puftli's  method  for,  82,  mt* 
"        table  of  eirenptti,  79 
"        tests  for.  82-84 
Nitfio  ojcide  (dfutoxide  of  nltrogea),  3G 
Nitrides,  metallic,  312 
Nitrites,  81 
Nitrogen  (neotej,  24 

■'      bromide  ofT,  188 

"      chloride  of  f,  121 

"       diiutoxide  of  (nitric  oxido),  flS 

*'       fpjin    nitrite  of  ammorsiiira,    flS, 

note 
"      iodide  of?,  13S 
"       oxidea  of,  7S 
"      phwphide  ofl,  2()T 
"       peroxide  oi;  SU 
"      preps m lion  of,  25 
"      pwtiisidi?  of  (nilroiw  OKide)^  Ba 
"       Biilpliidi*  of.  173 
Nitrosuljulinte-^  IGS 
Kitrosyl  (nitric  oxide),  85 
Niirous  liimes,  oyiiifeiiiwtioii  oC  156 

"      oxide  (protoxide  of  uitrogeo),  83 
N»5l)k  mf;ial!».  tab't'  o(.  641 
NotueJidal'ire,  elivwicfll.  1-6 
"  ofsciifg,  4 

"  of  binary  eompoundii.  3 

"  ftfoleiiieiits,  2 

"  of  multiple  com poands,  8 

Nor<lliiiii!ien  sulphuric  licid,  1&9 

0^1^  re,  490 

Oil  gna,  216 

Oil  of  Titriol,  151,  159 

Olefin  rit  (fas  (Hliylfrne),  S3 1 

Olivine,  455 

Onvx,  211 

Oeiito,  411 

Opal, 'HI 


Ores,  wasliln?  of,  284 
Orpimenl,  &Hi 
Orthoclaw,  437 
Orlliop1io9ptiat«s,  193 
Ortiiosilic»ite«,  21S 
(^siniruB,  71(! 

"         chJoridewn*;   114 

"        oxitJes  oC  lit 

•'        sulphides  o("  Tl7 
OMl»te«,  34ti 

iDxiddtinfrllarae  of  hlowptpe,  244 
Oxidee,  suulysis  of,  b  v  hrdrc^ieo,  46,  lit 

"       mptnllic,  clai^cs  of,  393,  £Sfl 

'*      mrlal'ic^  tiec^mpcHitionftaC  309 

"      metutlic,  prpparatjon  of,  29!^ 

"      varieties  ot;  20 
Ojcyacids,  314 
Os^cliloridea,  825 
Oxycliloridc,  eliromie,  6SS 

"  tiC  exrl^in   (clilfntiottbMi 

flcid),  143 
Oiycobtilti^,  4T& 
Osfgew,  (iKsorptioh  of.  58,  naif 

"         aU)ini«  wcif;tit  o[,  \  £,  netl 

"         cetirriiitinii  oi;  Mill 

"         prepanttioit  nf.   1 4 

"         properties  of,  l'.i 
Oxyhfdrogen  faruncw,  I*«viitr'%  tOI 

"  jet,  48 

Oxysoltp,  31  & 
Ozoii^,  21 


Packfono,  48S 
Painting  on  China,  44t 

"      on  ftflss,  3J« 
Palliidnmint',  71 1 
Palladiu  011,110 

"        conipouiidn  a()  111 

"        cj^Biiide  of,  71 1 

"         oxides  of,  71 1 
tfstsfor,  713 
ParscyanogcM.  SS^ 
ParASiilpliataiiiiiion,  3SS 
ParatnntpstaTes,  !J12 
Partinji  jttild  anJ  Miver,  AM 
PaH^ive  SjUito  ui'  idiftjilsi,  SIS 
Puste  for  mock  jjeweU,  311 
Patent  yellow,  63S 
PattinwMi's  delivering  prpcati,  &3i 
Pea  iron  ore,  41W 
FoKcockocrpper  wv,  il9 
Peariash,  3415 
Peurl  wliite,  eO« 
Pe^iiiatile.  43S 
Peimy's  twt  for  iron,  530 
Ptlopiuin,  561 
Perohlorjilw,  116 
Permnnum  while.  403 
IVnUNtij^rtinntfR,  546 
Pftiitit*,  a81,  437 
retimUo,  437 
Pewttr,  5SG,  596 

PhiiiMpeii(>  (cixjclitoride  of  enrbon),  UI 
PliospliBrn,  207 
Pliospdnttn  (iribnfliic),  194 
l'bD»ip[ii(J«s,  mftnllii',  3V4 
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Phospbites.  199 

Phogphomolybdateofsodiam,  670 
Phosphorite,  421 
Phosphorus,  185,  188 

"  bromides  of;  206 

"  group  of  elements,  184 

"  iodides  of,  206 

"  oxide  of;  aOl 

"  oxycliloride  of;  205 

"  perchloride  of  (peotachloride), 

205 

"  red,  or  amorphous,  181 

"  sulpliid^  of,  207 

"  Bulphochlorido  of,  206 

•*  lerchloride  of,  204 

Phospburetted  hydro^cen,  201 
Photo-chemical  induction,  748 
Pbou^fraphic  collodion,  754 

"  engraving,  766 

"  printing,  751 

"  spectra  of  elements,  768 

"  transparency,  763 

Photo-litbograpbs,  766 
Picrosmine,  455 
Pimple  copper,  611 
Puik  salt  (of  tin),  562 

"    colour,  6SS 
Pins,  tinning  of;  656 
Pitchblende,  485 
Pipeclay,  436 
Plast^of  Paris,  416 
Plate  sulphate  of  potaasiom,  360 
Platiuamine,  707 
Plating,  669 
Platinic  oxide,  704 
Platinosum,  708,  note 
Platlnous  chloride,  705 

"        oxide.  704 
Platinum,  6i)9,  702 

"        alloys  of,  708 

"        ammoniacal  derivatives  of,  706, 
708 

"       black,  703 

"        chlorides  of,  705 

"        condensation  of  gases  by,  708, 
737 

"        estimatiop  of,  709 

"        extraction,    Deville    and    De- 
bray's  plan,  702 

"        extraction,  WoUaston's  mode  of; 
70<» 

"        fulminating,  709 

"        Gross  salts,  706 

"        iodide  of,  709 

"        Magnus's  green  salt,  706 

"        nitrate  of,  709 

"    ,    ore,  treatment  o^  716 

"        oxides  of,  704 

*•        properties  of,  702 

"        Baewsky's  salts,  706 

"       residues,  reduction  of,  705,  note 

"        sponge,  700 

"        sulphides  of,  705 

"        surface  actions  of,  786 

"        tests  for,  709 
Platosamine,  707 


Plumbago  (graphite),  69 
Plumbates,  686 
Plumber's  solder,  656 
Poling,  copper,  611 
Pollux,  884 
Polyballite,  417 
Polymeric  compounds,  269 
Porcelain,  438,  440 
Porphyry,  437 
Positive  photographs,  764 
Potash,  332 

"      caustic,  332 

"      hydrate  of,  333 

"      natural  sources  of,  334 
Potashes,  346 
Potassium,  3-28 

"      anhydrochromate  of,  535 

"      bicarbonate  of;  361 

"      bichromate  of,  635 

"      bisulpbate  of,  388 

"      bromide  of;  387 

"      carbonate  of,  346 

"      chlorate  of  346 

"      chloride  of,  336 

"      cyanate  of,  267 

"      estimation  of,  361 

"      extraction  o^  from  sea-water,  355, 
note 

"      ferrocyanide  o^  252 

"      fluoride  oC  388 

"      iodide  of,  337 

"      nitrate  of,  338 

"      nitrite  of,  346 

"      oxides  of,  331 

"      perehlorate  of,  846 

"      silicofluoride  of,  338 

"      Bfjurcesoi;  334 

"     -sulphate  of,  888 

"      sulphides  of,  334 

"      tests  for,  351 

"      letroxide  of,  331 
Pot  metal,  633 
Pottery,  440 

Precipitates,  manipulation  of,  450 
Prehuite,  4!{6 
Piussiate  of  potash,  252 
Pressure,  iiifliierice  oi;  on  combination,  726 
Psilomelane,  544 
Puddling,  501 
Pulvis  tulminans,  846 
Pumice,  438 
Pwrple  of  C'a.ssiiis,  699 
Purpureo-eobaltia.  474 
Putty  powder,  658 
Puzzuulaiia,  410 

Pyrogallic  acid,  for  absorbing  oxygen,  53, 
note 

"  "        for  developing  photo 

graphs,  755 
Pyrolusite,  544 
Pyrope,  438 
Pyrophorus,  iron,  722 

"      lead.  722 

"      sulphide  of  potassium,  S34 
Pyrophosphates,  196 
Pyroxene,  466 
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pproiylin,  TS^,  note 

Satidiver,  3T4 
Sflpph*^(^.  4JS 

^^1 

<|iT*KT*Tin>i«>f  gold,  ft83 

Sawdust.  «  mtaiw  of  ouliO IcSd,  31T,  «t 

^^H 

QiKirU  311 

Bdjeitle'a  gtwxi,  M% 

^^H 

Q>HH.<it'i>  iiivWl,  A&9 

Scbeeliia  STt 

H 

QiiickliiDC,  i«JT 

Scblippe'*  mit,  600 
SchltcJ),  aH5 

^^1 

R*IIS  WATKR,  H 

Sciiiot,  sm 

^^1 

He»\gat,  M-i 

ScliDreiufurt  gnmi,  58S 

^^H 

Rt^itmur'H  [KJTcelain,  3T8 

Sp*  watrr.  8n 

^^H 

ftexJ  mitiiiiotiy  ore,  S99 

>H<l<>nutU-s,  im 

^^H 

, 

"      kshl,  IKii 

.SrtfitMles,  ROa 

^^1 

'*     will  wptwruSk  JSS 

tk'lKiiins  419 

^^H 

"    fill'ri'r  orv;  llS:t 

.Nfll'DiU*,   ISO 

^^H 

R«liK"ilik'  tiiitn'!  "f  I'l'JWpipe,  34S 

Sclouiutn,  Its 

^^H 

R»' ill  will  114  u(  nialaW  2S8 

plilofidea  ©f,  ISl 

^^1 

Ili'l1ii<«rj'  Intit  fwnmce.  &tMJ 

StileiiiiireHed  iiydPT^goL,  191 

^^H 

tE(iiiiiK4i%  tintt  for  nrwuic,  5S8 

Serpentine,  455 

^^H 

tt»'l«.'i'»  |iiHiiiiiifii  UaaeA,  TOT 

SefiquioxideH,  salts  oC  331 

^^1 

ti(.<»(>trnii»ii  n  xiuw  oonibiiiitioD,  19 

Shot.  6.13 

^^H 

Ut'ViTbL'TOinrv  rtirtiHte,  asT 

Siemeu's  regenemlor,  495 

^^H 

RJiodiuin.  ff.itti5><»uiiil»  nf,  1U 

Silica,  211 

^^H 

U«talbr,  714 

'■      hydnit^  of,  213 

^^1 

Kinmnts'a  grt.<o)i,  4Ti 

"     pure,  prepuriiion  oT  til 

^^H 

RlTcr  w»i4>r,  35 

•'     eolubH  iU 

^^1 

BoMtiugorc*,  a^T 

S<Uc«te%  31S 

^^H 

Rock  crj-st*!.  211 

S'ilicitiets  mijUltic,313 

^^H 

•'     gait.  355 

SilioiJii  (Biltcium).  203 

^^H 

Bocka  seiJiiiientnFjatiij  igneous,  281 

*•      bptmilde  dt,  a20 

^^1 

ItQoanKslate,  4S9 

"      chloride  of.  218 

^^H 

Rose  copper.  613 

'*      erptalliiie.  'i09 

^^H 

Rus^o-cotxiUia,  474 

•'      fluoride  of;  331 

^^H 

Rouce.  al4 

"      hydride  of,  218 

^^1 

Ribidia,  3S4                                         — 

■■      bydrocbloraie  of  chloride,  IM 

^^H 

liubidiuiu,  :^83 

"       nitride  of, 'i  18 

^^1 

salts  oC  384 

1'       sulphide  of.  218 

^^B 

Ruby.  435 

Silicone  (diryseori)  31(S 

^^1 

lluj«>ri's  Jrops,  379 

Si)icotuii^t.itciii,  Sib 

^^H 

KhM  of  iron,  19,  311 

Silver,  ooebjiiitratt'  of,  753 

^^^ 

Rmheniiim,  716 

"      alloys  of.  6T1 

H 

Rutil^  566 

"      arnnlfjamiitioti,  AmeTTcno  pl^  J 
"      atnHlgnmntiun,  Freylwix  ij1iiB,K 

^^H 

SAFETr-LAMP,  S3T 

"      amraoiiin-nilrate  of.  588 

^^B 

Sal  iilembrott).  <>06 

"      nway  by  ciipellnlioii,  672-*74 

^^1 

"  am^lonin*^  391 

"  '  humid  process.  674-6S0 

^^1 

"  enij£uui(bi8ulph.  polBa)^  33S 

"      AuguBtiti's    tDwie    of    extnictti 

^^H 

"  gem  (rock  <^lt),  355 

66T,  Hfii     * 

^^B 

"  pmnelbi  (fused  niire),  340 

"      bromide  of,  884 

^^B 

SoU-coke,  35iJ 

"     chlorides  oi;  H8S 

^^H 

Salt  of  soiret,  246 

"      eatimfision  of,  GS8 

^^1 

Saltpetre,  340 

''      Bee,  fiSO 

^H 

ShIc  mdicl^i,  31T 

"      fluoride  of,  6S5 

^^1 

Sa[»,  acid,  319 

"      fulmiiisue  of,  758 

^^H 

"     ammonia  ted,  394 

"      fill miija ling,  681 

^^1 

"     basic,  K^a 

"      jfltvftcp,  69  i 

^H 

"     binary  theory  of,  315 

"      iodide  of,  fi85 

^H 

"    double,  323 

^^1 

.     "    hnloid.  3fB 

"      nitrme  o-f,  6S(J 

^H 

"     iti  solution,  nclion  orflcidi  on,  726 

'"      OFMof.  fif35 

^H 

"              "              "        baaeson,  TiS 

'  "      ox  idea  of,  681 

^H 

"              "        mutual  rtctioo  of;  738 

"      piirting    fnitn    gold    by    BUlphl 

^H 

"    uRiirml  or  nonual.  319 

acid,  SSd 

^H 

"     oniiK'ndHiure  ol^  5 

"      phosplmWA  of,  686 

^H 

"     cf  llifoortiv  349 

"      properties  of,  665 

^H 

"     of  "•-'"(jiiiitxidt'S,  321 

"      nuMtir.  tS7a 

■ 

■'     <A  WA,  afeL 

•*     aiftcidaril,  ora 
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SflveiL  fobozide  of,  681 

"    Sulphate  oC  685 

"     Bulphide  or,  682 

"      teste  for,  688 

"     Ziervogel's  process  for  ektracting, 
667,  wte 
8ik#ring,  670 
fMJg,  what.  288 
Wags,  iron  furnace,  492 

Baked  lime,  40a 
ate,  438 
flip,  in  pottery,  440 
JBinalt,  473 

EnMrltiDg,  or  reduction,  288 
"        of  copper,  608 
"        of  irou,  491,  «(«ej. 
"        lead,  628 
Smoke,  oonnumption  of,  61,  62,  note 
Soapstooe.  453 
Soap  test,  Clark's,  419 
Boda,  8B8 
"     ash,  364 
"    salts,  see  Sodium, 
"     water,  50 
Sodium,  8S2 

"        alaminate  of|  427 

"        biborate  of,  368 

"        bicarbonate  of,  366 

"        bisulpliate  of,  360 

"        bromide  oi;  357 

"        carbonate  of,  361 

"        carbonate,  Longmaid's  process  for, 

865 
"        chloride  of,  354 
"        iodide  ot  357 
"        hvpodulphite  of,  I6S 
"        nitrate  ol,  861 
"        oxides  of,  363 
"        phosphates  of,  867 
"        pboepho-molybdate  of,  569 
"        sesquicarbonate  of,  365 
"        silicHtes  of,  869 
"        sulphate  ot;  367 
"        sulpliides  of,  353 
"        sulphites  of,  360 
"        tests  for,  380 
Solder,  plumbers',  556 
Solution,  influence  of,  on  affinity,  723 
Spathic  iron  ore,  490 

Spectrum,    chemical    action    of    opposite 
ends,  771 
"  mode  of  photographing,  762  _ 

"  photogrnpl'.ic  action  of,  761 

Specific  heat,  aid  ici  Qxing  atomic  weighty 

774 
Specular  iron  ore,  490 
Speculum  metal,  656 
Speias,  478 
Spelter  (zinc),  461 
Spiegreleisen,  49S 
Spinelle,  427 
Spodumene,  381 
Spring  water,  84 
Stalactites,  stalagmites,  418 
Stamping  mOl  for  ore^  385 
Standard  silver,  €72 


Stannates,  560 
Stannic  chloride,  562 
Stannous  oxide,  568 

"        chloride.  661 
Starch  test  for  iodine,  130 
Stag,  experiments  on  atomic  weights,  788 
(steatite  (soapstone),  455 
Steel,  Mlloys  of;  607 
"      blistered,  606 
"     cast,  607 
"     cementation  of;  506 
"      nitrogen  in?  607,  noU;  629 
"     shear,  507 
"      tempering  of;  508 
«      tilted,  607 
"     titanium,  607 
Stereochromy,  870 
Sterro-metal,  616 
Stilbite,  4S6 
Stoneware,  489 
Straas,  377 
Stream  tin,  652 
Stnitifled' rocks,  281 
Strontia,  406 

Strontianite  (carbonate  of  Rtrootinm),  406 
Strontium,  405 

salts  of,  406,  406 
Stucco,  417 

Sublimation,  what,  802 
Subsalts.  826 

Sulphammonntes,  168  .   ' 

Sulphantimonite*,  600 
Sulphatammon,  388 
Sulphates.  161,  162 
Sulphazates,  168 
Sulphazite^s  168 
Sulphaz^tates,  168 
Sulphhydrates,  304 
Sulphides,  172 

"  decompositions  of,  803 

"  metallic,  varieties  ot,  802 

"         prepanitiou  of,  804 
"         soluble  in  sulphide  of  ammo- 
nium, 303 
Sulphitammon,  38s 
Sulphites,  151,  162 
Sulphocarbonates,  177 
iSnlpliocyanogen,  862 
Sulpho-s^lts.  318 
Sulphoxyphosphates,  205 
Sulpliur,  143 

"         extraction  of;  144 

"         chlorides  ot,  177 

"         electro-positive  and  electro-nega« 

tive,  146 
•'         estimation  (if,  305 
"         group,  geti(-nil  characters  of,  141 
"         iodide  and  bromide,  177 
"         octohedml,  145 
"         oxides  of,  148 
"         oxychloride  of,  177 
"         prismatic,  145 
"         table  of  oxyacids,  148 
"         viscous,  146 
Sulphuretted  hydrogen,  168 
"  wktan,  36 
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8uliiburic  Boid,  t33,  U7 

"  "      chnraWr.  165 

"  "      liyiirq{ii»  of,  IfifJ 

"  •'      iiincmliicturi*  of,  195 

"  •'      iiKntSmHoii  of,  IBU 

"  "     ul«lo..f  jureniftb.  Iftt 

Solplturoua  iii)hy<lHii<\  lltiwCticdoti  of,  ISO 

fcsul()Imrjt,  cWi>ride  uf,  \97 

Hiiiu(i  of  mine,  'JHl 

SiiiHTuMlumtiuii  of  «>diiiTn,  twrlwtniiW,  S6& 
"  of  Gtsubvr's  Mlt,  S&tf 

^,VclUt(>,  437 

TABAWHIXtt,  220 

Tkbld  of  RCidtlUblo  meUU  l^$l 

"  Allali-niolnl)!,  ilSS 

'*  Hlkallnc  oafUijf  metulB.  400 

"  uniiiu»ii;t  ot'pper  compound*,  B31 

'*  niiuriuiiirt  tiwrcurv-  tsMHpouutl^  659 

"  artimxtiia.  Hlriniglli  ut',  Vi 

''  nbimouiatfd  M*U.  399 

"  i.tw.lj'HM  of  wwt-irtin,  4I>9,  SOO 

•'  "        of  Chiim,  *-!*) 

"  "        of  cbjf.  -436 

iMce,  4vi 
«  «•        of  I^MB,  ITS 

M  "       or  paddled  in»,  SOI 

"  '■       of  refined  iron,  601 

"  ttoniicf  weiglita  ofeleuenu^  186 

"  bMic  wlu,  m 

"  cnrljona(«?i  S3 

"  chliirinaieti  Ixwiiea  from  Dutch  It- 

quid,  SS3 
"  CLark'a  aoap-teet,  418 

■>  eoball  bostk  476 

"  ritsitig.points  of  aetais,  3?3 

"  halogvaa,  13  J 

"  hj-druclilortc  Mad.  streogtb  o^  103 

"  iron  installs,  ilO 

"  lead  tia«d  in  uo&xilig^  €74 

"  Riagn€S!an  m^tala,  450 

"  nitrates,  80 

"  nitrio  »cid,  stfcn^b  irf  80 

"  DoWe  nwuili,  (j47 

"  n(»-iBet»ilUc  eleEnests,  10 

*•  olefloM.  2j9 

*■  0Xskt6&.  ;i4€ 

"  oxidM  of  uilrog^ti,  73 

**  pbatpbom?  gTvUpi,  tS4 

**  fhtOag^phK  trmii«pamic]r,  76S 

"  pbttujum  tawii,  lUi^ 

"  poush.  «lren(ctli  ofsolulioo,  ^33 

"  prcdDoia  from  eunpoirdjer,  344 

**  aaita  of  ae^^uioxiiies,  S2l 

•'  8Uic*t«s.  m 

"  aod*.  mea^  c/Mdatkm,  AM 

"  ci;«cific  gi«Titj  of  metaK  STS 

"  eaJpfaateoL  1«1 

**  N)pliid««i  wiuMe  in  ntpliida  of 
•aiiBi»ia«,  3ClrS 
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"        lumriidttA  JtJf 

Tnlbotf  pe  {ca)uiype_),  iSS 
Talc,  4S3 
TntttNlimi,  fi67 
Tiiilar  euwtic,  601 
TpUuriiwn.  1«J 
TpLliireHtd  liviifnftPii,  1S3 
Tempering;  of  steel,  jVS 
'IVuriHiitite,  619 
Terbis,  -l-JU 

Tetnrlene  (iMl-gswV  24« 
Tbiil'tiuiin,  IH-I 

>*        eidc«  oi,  646 
Tbtfimnlile,  «J8 

Tbenofd's  blue,  472 
ThlDiirl.  chloride  of,  ITt,  i 
Tlifirintim,  449 
Tli«>riU\  448 

'•    olloj*  of,  55C 

**     blnoxide  of,  S&S 

"     Cliloridw  a^  561 

"     vetimatiM)  ot,  563 

"     oxide«  of,  SdS 

"    •prepare  liqiioi-,  aSO 

"    protoxide  oC  JJ58 

•'     «u1pbides  .Tf,  558 

"    vests  fur.  56 J 

"    tetnieliloridi*  oC  i6i 
Tine«l  (borsx),  S€S 
Tiuroil,  554 
Tiuiiing  copper,  59fi 
Tin  plate,  553 
Tiiisty:ne,  55  S 
Tiii-wliitt' oobftlt,  472 

Titaitidces,  aeti 

TiUniLUD,  564 

"  biitulphidp  of,  Sfit 

"  cbl.iride  of  5*6 

"  ej-anide  oC  3G4 

"  niirtdesoC  SS4 

"  uxides  c<  563 

"  teais  for,  iSfi 

TithoncniM^r,  74* 
TopiiZ,  4S0 
Tbwh-paper.  ^0 
Toochstooe,  tor  gold,  094,  *a4i 
Tracitjtr,  437 
TYmp.  tJI 
TniTcniiie,  419 
Trtpb^ue  ^i}.iuduEi>en^i  3SI 
Twipie  piioepbmt/t.  4o5 
TrvD»,  3(>6 
Tub.  430 
Tua;9Ut«4.  57  i 
51 1 

ciilonika«£  57« 
o»d<s«(  371 
oxjtUoiiie  o£  S7C 
ptxiefibidn  oC  m 


1XT»FT, 


TfxntA  jtDow,  S39 
Torpeth  mioefai.  Ml 
Tarqaoiae^4M 

T>p»4iieUl,  SMi  €33 

VvaUMXUSi,  MS 
Uranatee.  4St 
UnniM,  4^3 
nnninm,  485 

•<        cUondcs  oC  4$T 

"        eadmatioa  a£  437 

**        extnctjoa  oL  4ii 

<•        oxides  o^;  4s6 

"        tern  Sat,  4B1 
Unnjrl,  487 

Vavabiaxes  5T7 
Vanadium,  5T7 

cbkrides  oC  &•« 
"         oxidea  o^  S<7 
Vanning  ore.  286 
Vapour   Ttdomc^    aid    in    fixing    aicMnic 

weighta,  774 
Vanricite,  S44 
Vegetable  coiom,  chemical  actioa  of  solar 

rays  on,  7T3 
Vennilioo,  653 

"  aiitimoaj,  599 

"  humid  prooeas,  654 

Viviaoite^  624 

Wad,  544 
'WaahiDg  ores,  284 

"       -bottle,  459 
Vaate  gas  from  inm  foniaoe,  495,  496 
Water-blowpipe,  245 

"      chalybeate,  85 

"      chemical  properties  oC,  33 

"      composition  ol^  38 

"     distiUed,  38 

"      electrk;  decompoeitioa  ofj  38 

"      filtration  of;  36 

**     formed  by  combustion  of  hydrogen, 
42 

**     functions  of,  in  combination,  33 

"     bard  and  soft,  36 

"     of  crystallization,  34 

*      rain.  34 

*•     riyer,  35 


'  Waser.  fca.  X 

SfctEg.  34 
^       *-     scI'p6j7«co&.  U 
,       **     CT&Uxss  ii  45-M 
I       ~      Tcisaie  aiuursic  c£  SS 

"      ve%l.I  of  csboc  inci:  aad  iooc  tt 
Waters.  lafsral  rariMie*  dL  M-SS 
~        euCUT<D(». -lis 
I        -       ciscnl  3:5 
WaTeBiM.*il 
'  We<l^To>.«i  ware  439 
;  Whiw  a:.tiaDocT  ore.  596 

-  ^ii:.povder.  346 

-  i«ttd.  «4I 

-  prenpitaie.  658 
•^     Titrwi.  -IST 

Wire  drswiiig.  374 

-*    gauze.  acbODoC  on  Suite.  33$ 
Witbente  ^carbooale  of  barrta).  4A3 
Wc4ftam.5;i.  574 
Woodafbes.  346 

-  charooal,  64 
Wootz.  503 
Woolitf  s  booles,  96 


Xaxtho-cobaltia.  475 

Tiuxow  ochre.  436 
Titria.  449 
Yttrium  449 
Yttrountalite,  449 

ZArFRK,473 

ZeoUte8,214,436 
Zinc,  carbonate  oC  4S7 

"    chloride  ct,  466 

'•    extraction  of.  461-464 

"    oxide  oC  465 

"    properties  and  uses  o(  464 

"    purification  ot  464 

"    red  oxide  oC  461 

"    separation  of;  from  alkalies  and  alk» 
line  earths,  468 

"    sulphate  oC  466 

"    sulphide  of.  466 

"    tests  for,  467 

"    while,  466 
Zircon.  447 
Zircoiiia.  447 
ZircoDium,  447 


Now  York,  Angnat,  1873. 


JOHN    WILEY   &   SON'S 

LIST  OF  PUBLICATIONS, 


15    ASTO:ei   PLACE, 

Under  the  Mercantile  Library  and  Trade  ouHanmm. 


AGRICULTURE. 


MNING.  FRUITS  AND  FRUIT-TREES  OF  AMERICA;    or  che 

Cnltore,  Propagation,  and  Manag«ment  in  the  Garden  and 
Orchard,  of  Fruit-trees  generally,  with  descriptions  of  al.  the 
finest  varieties  of  Fruit,  Native  and  Foreign,  cultivate)!  in  this 
conntty.  By  A.  J.  Downing.  Second  revision  and  corroction, 
with  large  additions.  By  Chas.  Downing.  1  vol.  8to,  over 
1100  pages,  with  several  hundred  ontline  engravings.     Price, 

with  Supplement  for  1872. $5  00 

"  As  A  work  of  rr>fcreuce  It  has  no  eqoal  In  this  onnntrT,  and  deaerrea  a  place  In 
the  Library  of  every  Pomolo^tet  In  America."— JforsAai/  P.  WUdior. 

•♦  ENOTOLOPEDIA  OF  FRUITS;  or,  Fruits  and  Fruit- 
Trees  of  America.  Part  1. — ApPLEa  With  an  Appendix 
containing  many  new  varieties,  and  brought  down  to  1872. 
By  Chas.  Downing.  With  nnmerons  outline  engravings.  8vo, 
full  cloth |2  50 

•»  ENOTOLOPEDIA  OF  FRUITS;  or,  Fruits  and  Frtdt- 
Trees  of  America.  Part  2. — Chebkieb,  Grapes,  PsAcnES, 
Pears,  &c.  With  an  Appendix  containing  many  new  varie- 
ties, and  brought  down  to  1872.  By  Chas.  Downing.  With 
numerous  outline  engravings.     8vo,  fuU  cloth $2  50 

•»  FRUITS  AND  FRUIT-TREES  OF  AMERICA.  By  A.  J. 
Downing.  First  revised  edition.  By  Chas.  Downing.  12mo, 
doth $2  00 

**  SBXiBOTED  FRUITS.  From  Downing's  Fruits  and  Fruit- 
Trees  of  America.  With  some  new  varieties,  including  their 
Gnltnre.  Propagation,  and  Management  in  the  Garden  and 
Orchard,  with  a  Guide  to  the  selection  of  Fruits,  with  refer- 
ence to  the  Time  of  Ripening.  By  Chaa  Downing.  Illns- 
trated  with  upwards  of  four  hundred  outlines  of  Apples, 
Cherries,  Grapes,  Plums,  Pears,  &a     1  vol.,  12mo |2  50 

*•  LOUDON'S  aARDENINa  FOR  LADIES,  AND  COM- 
PANION TO  THE  FLOWBR-aARDEN.  Second 
American  from  third  London  edition.  Edited  by  A.  J. 
Downing.     1  vol.,  12mo $2  00 

VNINC  &       THE  THEORY   OF   HORTICULTURE.     By  J.  Lindley. 
LINDLEY.         With  additions  by  A.  J.  Downing.    12mo,  cloth |2  00 

VNING.  COTTAQE  RESIDENOSa  A  Series  of  Designs  for  Rural 
Cottages  and  Cottage  Villaa,  with  Gtarden  Grounds.  By  A. 
J.  Downing.  Containing  a  revised  List  of  Trees,  Shrubs, 
and  Plants,  and  the  most  recent  and  best  selected  Fruit,  with 
some  account  of  the  newei  aciyle  of  Gardens.  By  Henry 
Winthrop  Sargent  and  Charles  Downing.  With  maor  new 
tlesigns  in  Rural  Aiohiteatare.  By  O«oxg«  B  WtBuof, 
Axahitect    1  voL  4to. ......ff 
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jom.'   WILKY   *   BOX  8   U8T  OF  PtTBUCATIOJIB. 


DOWNING  & 
WICHTWICK. 


KEMP. 


LIEBIC 


PARSONS. 


HINTS    TO    PERSONS    ABOUT    BaiLr>TV<i    r»j 

COtTNTHY.       Br    A.    J.    Dowufaty. 

TOUNG    ARCUITEOTS,   cmlixiUUHi    i 

practicail    operationa.       Hjr    Oeotg«    WigluWHik.    Aiuiulctt. 

Wood  en^raring*.     Svo,  clot)* fSM 

LANDSCAPE  a-ARCENtNa;  nr.  Bow  In  X.ay  Out  a  Gtf • 

den.     Inti^nd'il    ns    a    c-'^H'  ri!    ^iil.r    f'^   chonnaf. 
or  iini  r  of  on  kcrv 

dred  u>  both  daHrn  L 

cation.       Wan  !iTiui.-riiiis  tine  wntnl    eogTBTing^      ■'Tj 

Kemp.     1  Tol.  1 2iiio,  clotli 

CHBtdlSTRY  IN   ITS    APPLICATION    TO    A( 
TTJRE,  Ac.     By  .Iiigtvis  Von  Licbijr.      12mf>,  cI-^^Ol, 

LETTERS    ON    MODERN  AORICtJLTURB.     By 

Von  Licbijr.  E-iitod  liy  John  I'.l-.  th  M  D  With  *ddi 
b;  n  prncticrU  Agriculturist,  em'  'tiA)il«  mmjli 
Adapted  to  ihe  w&nta  of  Araem  .-&  1  roT  U 
cli.Ui |]] 

PRINCIPLES  OF  AaRICULTURAL  OHEMISTBV,  \ 
special  reference  fo  the  late  reaearchea  made  in  Eni;'«»d 
Jtistna  Von  Liebig,      1  vol.  12ino 75  ( 


BX8TORT  AND  CULTURE  OF  THE  ROSB. 

Panons.      1  toI  .  1  Cmo , , 


Itj  tL] 


DOWNING. 


DOWNING  & 
WICHTWICK. 


HATFIELD. 


ARCHITECTURE. 

OOTTAOE  RESIDENCES;  or.  a  Pnrlm  nf  Pralpw  fall 

Cottages  and  Cottnee  V^illiu  and  their  Gardeua  aiul  Or 

adapted  to  North  Ameriov     Ity  .V  J.  Dow 

s  levised  List  of  TreoB.  Shmbs,  Pinnf*.  an 

and  be«t  selected  Fniits,     Witl>  f  tin:  mi 

style  of  GardftDH,  by  Henry  \Vci,  ajjd  O 

Downing.     With  many  new  dcKiiiii--  .>■  ■i<ii..i  .%(chit 

George  E   Harney,  Architect 

HINTS    TO    PERSONS    ABOUT    BUILDINO   tN 
COUNTRY.       By    A.    J.     iMwiiiiig        Am!    RIKIV 
YOUNG    ARCHITECTS,    caIouUUhI    to    fnclUUt* 
pnvcliciU    ojwrutions.       Jly  Georjje   Wigb'wick, 
With  many  wood-cuts.     8to,  cloUi       .    .    (|| 

A  Tp 


GR, 

Fr.'iniiriif 


)lOLLy 


THE  AMERICAN  HOUSE    C/ 

upon  Architectttre,  Comiceis,  and 

Windows,  and  Stain ;    together  wit  < 

principloa  of  Pmotical  Ooometry.     N  ■ 

and  improred  edition,  with  about  150  aiidiUoiuU  pj^pn. 

nametons  additioual    plat«a.     By   E.   0.    IlatfioU.     i 

8vo H 

NOTIOBS  OF  THB  WOBX. 
**  The  dasnBt  wmI  mc«t  thoronOlT  PfooU^  vofken  MwaahjMt," 
**  This  work  lismofttsoelteiitoiM^  Twyaaaipnisaudn,  sad  UvdOij  t 
"  TUi  worli  commendt  ttMlf  b;  It*  pMCtl«*l  n<sVTtr*  - 
«Ul«»ni]iubIa*<1i]IUon  tothctl'irmrr  of  th'  1  sh 

tooTTTj  KifentinD  in««t<>T  ni«>h»iilo."— I. 

CARPENTERS'  AND  JOINEF,  ■ 

inp  a  Trontise  on  Franiing.  ICooi 
Tables.     By  H.  W.  UoUy.     1  vol    .    . 

THB      ART      OF      8AWFILINO 

TREATED    AND  EXPLAINED.     «mi> 
putting  in  order  all  kinds  of  Sawa    By  H.  W. 
olotU 


DfiHr^ 


RUSKIN 


SEVEN 

oloth 


LAMPS 

plOf'K 


OF  AROHITECTURE.      1 


JORM    WILST    A    SONS    LIST    OF    PUBLICATIONS. 


9? 


HUSPRATT. 


MOAO. 


PERKINS, 


BOUVIER 

AND  OTHERS, 


COE. 


RUSKIN. 


SMITH. 


WARREN. 


CHEMISTRY -THEORETICAL,  PRACTICAL,  AND 
ANALiYTICAXi — as  applied  an<l  rclatiug  to  the  Arts  and 
Manufactures.  By  Dr.  Sberidau  Mospratt.  2  vols.  Svo, 
cloth,  $18.00;  half  nisBia $^4  00 

A  MANUAL  OP  QUALITATIVE  AND  QUANTITATIVE 
CHEMICAL  ANALYSIS.  For  ibo  use  of  StuileuU  Cy 
H.  M,  Xoad,  author  of  "  Manual  of  Electricity."  1  voL 
12mo.     (London.)     Complete •. $6  00 

QUANTITATIVIJ   ANALYSIS.     1  vol  cloth 4  0<) 

AN  ELEMENTARY  MANUAL  OP  QUALITATIVE 
CHEMICAL  ANALYSia  Uy  Maaiic«  Perkina.  12m.>, 
doth |1  00 

DRAWING  AND  PAINTING. 

HANDBOOK  ON  OIL  PAINTINa.  Handbook  of  Young 
Artists  and  Amatcura  in  Oil  Painting;  being  chiefly  &  con- 
densed compilation  from  the  celebrated  ManoiU  of  Bouvier. 
vrith  additional  matter  selected  from  the  labors  of  Morrinrell, 
De  Montolhert,  and  other  di^tinguiflhed  Ooatiiiental  writeira 
on  the  art.  In  7  parte.  Adapted  for  a  Text-Book  la 
Academies  ot  both  sexes,  os  well  as  for  self-instruction 
Appended,  a  new  Explanatory  and  Critical  Vocabulary.  By 
an  AiiK'rican  Artist.     12nio,  cloth. $2  'HI 

PROGRESSIVE  DRAWING  BOOK.  By  Becj.  H.  Coe. 
One  voL ,  cloth $.3  50 

DRAWING  FOR  XJTTLE  FOLKS  ;  or,  First  Lessons  for 
the  Nursery.     liO  drawinga.     Neat  cover ;|0 

FIRST  STUDIES  IN  DRAWING.  Containing  Elemental], 
Exercises,  Drawings  from  Objects,  Animals,  and  Riu>tio 
Figures.  Complete  in  ilurr  nnmlimt  of  18  studies  each,  in 
ueiit  covers.     Each $0.20 

COTTAGES.  An  Introduction  to  Laidscnpo  Drawing  Cm- 
Uiiiiiii'j  73  Htnilns.  Complete  in  four  numbers  of  It)  studip* 
each,  in  neat  covers.     Each $0.20 

EASY  LESSONS  IN  LANDSCAPE.  Complete  in  four 
numbers  of  10  Slndiea  eiich.    In  neat  Svo  cover.    Each,  $0  SO 

HEADS,  ANIMALS,  AND  FIGURES.  Adapted  lo  Pencil 
Drawing.  Complete  in  three  numbers  of  10  Studies  each. 
In  neat  8vo  covers.     Ench $0  i!0 

COPY  BOOK,  WITH  INSTRUCTIONS $0  :i7» 

THE  ELEMENTS  OF  DRAWING.  In  Three  Letters  to 
Begiiiners.      By  John  BuHkin.      1  vol,  12mo. $1  00 

THE  ELEMENTS  OF  PERSPECTIVE.  Arranged  for  the 
Msa  ot  Hchoola.     By  John  ICuakin ^1  00 

A  MANUAL  OF  TOPOGRAPHICAL  DRAWING.   By 

Prof.   R.    S.    Smith.      Second   edition.      1    vol.    Svo,   cloth, 
plates !j!3  00 

MANUAL  OF  LINEAR  PERSPECTIVE.  Form,  Shade. 
Shadow,  and  Rc^flpction.  By  Prof.  II.  S.  Smith.  1  vol.  Svo. 
plates,  cloth !f3  00 

CONSTRUCTIVE  GEOMETRY  AND  INDUSTRIAL 
DRAWING.  By  S.  Edward  Warren,  Profeasor  in  the  Miuh 
saohusettti  LnsrituU-  of  Teclinology,  Boston; — 

L  ELEMENTARY  WORKS. 

1.  ELESIENT/VRY  FREK-HAXD  GEOMETRICAL  DRAWINO. 
A  series  of  prognressive  exercises  on  regular  lines  anil  forma, 
including  i>yatomatic  instruction  in  lettering ;  n  training  of 
the  eye  and  hand  for  all  who  ore  learning  to  draw,     l^mo, 

cloth,  many  cuts 7'*i  eta. 

Vols,  I  and  3,  bound  in  1  vol 4 1    7.S 
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total  witBT  «  Msrs  u»r  or  rrtvLtcATtMir 


ELEMENT AKT  WORKS.-  •  i 

IWARREN  3,  PLANE  mOBLEMS  IN  I'AJIY  CB^ilBTttT     «li 

Dumorous  wond-cula,     ISuiu,  tioUl , |l 

a.  DRArTPCn    TN?=TT^r>rENTS    AM)    OPErRATTONS 

til-  lout    all     ' 

111  jon,  with  : '  ir| 

4.  ELEMENTARY  PI 

lar-  .!  ■■■■'■••    ■        ■■ 

U'  ,1 

bigbur  puijhu  and  |irivnt«  •uboolH.     Nr  -i 

editioii,  whh  numerous  wocid-out«  unci  )> 

cloth  

r..  ELEMENTARY  LINEAR   VERHPW^TfVR  OF  FORM^  *i 
SILADOWS      PartL-   r  •         ^ 

tioQ.      Part  IL — Dcriv 

Perspective..  !inil  maoii  1  Hi-  nvm  u.^uiuin  ».     .^uim  ivf  ^ 
cuts.     1  vol.  12mo,  oloth. ....fl 

n.  BiaHER  WORKS. 

These  are  dcKigiioii  priiicijxillT  for  Schools  of  En^'; 

ArcliitcctTUv,  aii'l  for  r'--  ■• '•■•'-  ■-.... ...^.ii,  ..r  .i  .,.,. 

Rnd  th''  first  three  are 

provide   conn>«i   of  .-i  ;      - 

training  of  ctLndiiiuteis  for  ilie  scit-iiliho  jiti' 

tboHe  tcchnioiil  schools  which  iindortitke  thj: 

1.   GENERAL    PROBLEMS    OF   OUTlJOUU.ii 
TIONS.      The  foundfttinn  course   for   the 
reticnl  anl  practical  worlu.     A  oew  «dition  of  tiiiH  <«c-:t;  'Ui 
soon  appear. 

8.  GENER.\L  PROBLEMS  OF  SHADES  AND  SnADOVTA  ^1 
wider  range  of  prohlems  than  can  elsewhere  bo  iomi  ^^M 
Eng-lish,  and  the  principlt^a  of  ahftdin^.  1  rcL  Bro,  *^^| 
nnmorouK  plnt<>e.      Cloth ^  {H^| 

8.  HIGHER  LINEAR  PERSPECTTVE.    Di-tuini;.,),^.!  by  it»e«^^ 
cise  summary  of  various  methods  of  |K'r                     uKtroctiim] 
a  full  set  iif  standard  problenui,  and  ^                    :^~«cuMiaB«a 
Bpeciul    higher  oncis.     With   nomenms  Lirgc   ylatt 
oloth 

1  ELEMENTS  OF  MACHINE  CONP"    '        T    ' 
ING;  or,  MocbLne  Drawin^'R     Wit 
tive  and  rati'^"-''   '•■•■•"■^•■•"-'       ^  .,,.   ,,^ 

Oiril  and  M  the  sae  ot 

chonical  Ef)t.'i  I  't?     Oootaiiriafl 

the  principles  u(  ^'cunu^.  #uivw  \i  '  •tiona,  aal 

gOTcmoTS,  and  innnvf'tfiiidnrd  iiik!  ■  uijartlrtnOB 

present  Ami  i  ^  v\  arrwi.     i  mk. 

»vo.     1  vol  aw..         f7M 

"ll  •mm  bo  I 
dnon!  iiti 

-I  b»-. 


•Tonr 


•mi* 


ipi1  ih«  «nlt1"<'«*  111*  tw" 


TaUuiulu^."— WU.  W.  VOJ.WCLU  .'v^aJtai  ijf  L'mlttrwtt^  ^ Mm 


WACFARLANE. 


REIMANN. 


JOllS    WILEy    &    son  8    I.IST    OP    PUBUCATIONB. 
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AUSTIN. 


COLBURN 


IKNICHT. 


MAHAN. 


DYEING,  AC. 
A  PRACTICAL  TREATISE  ON  DYEXNO  AND  CALIOO- 
FRINTINO.  Iiioliiilin^  the  latent  Inventions  and  Improve- 
tucnts.  With  im  Appendix,  i  oinpriaiiig  definitions  of  chemical 
terms,  with  tiiblcs  of  \Vei|fht«,  JIfrasures,  ifcc.  By  an  espe- 
rii'nced  Dyer.  With  a  gupplement,  containing  the  uiost 
recejit  discoveries  in  color  chemistry.  By  Robert  Maofnrlunc. 
1  vol.  bvo f  j  00 

A  TREATISE  ON  THE  MANUFACTURE  OP  ANIIilNB 
AND  ANILINE  COLORS.  By  M.  Reimonn.  To  which 
is  added  the  Report  on  th«  Coloring  ^Intters  derived  from 
Coal  Tjir,  us  «hown  at  tho  French  Ijchibition,  18fi7.  By  Dr. 
Hofnitum.     Edited  by  Wm.  Crookca.     1  vol.  8vo,  cloth,  ^2  50 

"Dr.  Roinuuiu'n  i  "ri,. .,  ..i  ii<,.  TnukilMc,  wriuvn  in  c»riciiic  lanininire,  U  |iro(uiiiiil1y 
pracUcal,  i.'  must  ilpuils  c/(  ili«  pixioiaiM*  for  oMsinliie  *U  il)« 

mopalinp"''  .  ^th  wi>m1i7uU  of  appofstu*.    Tokim  In  oonjanciiun 

with  Hofinixi ,    . ..  vv  have  uow  a  oomplute  tiMoTJ  of  Coal  Tar  bftM, 

buth  iheorcrUwl  aiul  iiruutical."— C'A<mM  and  DmmUI. 

ENGINEERING. 
A  PRACTICAL  TREATISE  ON  THE  PREPARATION, 
COMBINATION,  AND  APPLICATION  OP  CALCA- 
REOUS AND  HYDRAULIC  LIMES  AND  CEMENTS. 
To  which  is  uddcd  many  u«>ful  recipes  for  vuxious  scientillo, 
meTcantilu,  and  domestic  puiposoa,  Bj  Joinea  Q.  Auxtiti. 
1  vol.  l"2ino $3  00 

LOCOMOTIVE  ENOrNEERINQ  AND  THE  MECHAN- 
ISM or  RAILWAYS.  A  Treatise  ou  the  Principlua  and 
Construction  of  the  Locomotive  Engine,  Railway  Carriages, 
and  Railway  Plant,  with  examples.  Illimtrated  by  Sixty-four 
large  engravings  and  two  hundred  and  forty  woof3cut-f>.  By 
Zemh    Colbura.     Complete,    20   parts,    |1.5.00;    or   3   vols. 

cloth *1<}  00 

Or,  half  mortjcco.  gilt  top $'-<•  W> 

THE  MECHANICIAN  AND  CONSTRUCTOR  FOR  EN- 
OINBERS.  Comprising  Forging,'.  Planing,  Lining,  Slolling, 
Shaping,  Taming,  Screw-catting,  &<3.  lUostrnted  with 
ninety-six  plates-  By  Cameron  Knight.  1  vol.  4to.  half 
moroooo |;ir)  00 

AN  ELEMENTARY  COURSE  OP  CIVIL  ENGINEER- 
ING, fur  the  uae  of  the  Cadets  of  the  D.  8.  Military  Academy. 
By  D,    U.   lUahan.      1   vol.    8vo,  with  namerous  woodcutn. 
New  edition.       Edited   by   Prof.    De  Volson   Wood.      Full 
cloth f;,5  00 

DESCRIPTIVE  OEOMETRY,  as  applied  to  the  Drawuig  ot 
FortificatioDB  and  Stone-Ctttting.  For  the  use  of  tho  Oadeta 
of  the  U.  S.  Military  Academy.  By  Prof.  D.  H-  Mahan. 
1vol.  8vo.     Plates |i  50 

INDUSTRIAL  DRAWING.  Comprising  the  Description  and 
Uses  of  Drawing  Instruments,  the  Coustruction  of  Plana 
Figures,  the  Prnjeotions  and  Sections  of  Geumetrical  Solids, 
Arohiteotural  Elements,  Mcchani-m,  and  Topographical 
Drawing.  With  remarks  on  tho  method  of  Teaching  the 
iubject.  For  the  use  of  Academies  and  Common  Schools. 
By  Prof.  D.  H.  Mahao.  1  vol  8vo.  Twenty  steel  plates. 
Full  cloth $.S  OO 

A  TREATISE  ON  FIELD  FORTIFICATIONS.  Coutoin- 
ing  instructions  on  the  Mt-thods  of  Laying  Out,  Constructing, 
Defending,  and  Attacking  Kntrciichments.  With  the  Oeucral 
OiiUiucs,  also,  of  the  .Arrangement,  the  Attack,  and  Defenoo 
of  Penniinent  Fortifications.  By  Prof.  D.  H.  Mahan.  New 
edition,  revised  and  enlai;g«d.  1  voL  8vo,  full  oloth,  with 
pl»tM ^  50 

ELEMENTS  OP  PERMANENT  POHTIFfCATIONS.  By 
Prof.  D.  II.  Mahan.  1  vol.  8vo,  with  numerous  large  plates. 
Gluth   .^^ 
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MAHAN.  ADVANCED  GUARD,  OUT-PC?'- 

of   Troop*,   with    the   EsBential 

(j.'.iriii  1  iji-tic8-     For  the  Q»e  c: 

By   Prof.   D.   H.    Mniiaa.      : 

i  •  ons  and  12  platee.     1  vol.  ISm^- 

MAHAN  MEOHAKICAI.     PRINCIPLES     OF     r 

A  MOSELY,  AND  ARCHITECTURE.    Rt  n-v.ry  M 

From  lost  London  edition,  wit' 

Prof.  D.  H.  Mahan,  LL.D.,  of  i 

I  vol.  Svo,  700  pages.     With  nv:  i 

MAHAN  HYDRAUIJO  MOTORS.    Tran.- 

&  BRESSE.  de  Mecaniqae,  appliqut-e  par  it    i>i'..^>'        i>,i    i^ru 

Hahim,  and  levistd  hy  Trot.  D.   U.  Mahan      I  i' 

plates . . 

WOOD.  A    TREATISE    ON    THE    RESISTANCE    OP    I 

RIALS,  iind  nn  Appeniiii  oa  the  PrtHi'rvntlou  of 
B,T  De  Volson  Wood,  Professor  of  Esginuerin^,  TJuif 

Miobigun.     1  vo].  8to,  c'oth ...    . 

A  TREATISE  ON  BRIDGES.    De^ed  a- 
(or  Pr&cticai  Use.      By  De  VoLaon  Wood. 
roas  iUofitiAtioiu,  dotii ^  'm 

CREEK. 

BACSTER.  GREEK   TESTAMENT,    ETC.      The   Cribcal    Otw*   ani 

English  New  Testament  in    PanUlel  Coltuniui. 

the  Gr^ek  Text  of  Scbols,  readisg*  of  Oriesba^  *^J 

1  vol.  18ino,  half  moioOco ,....,,... 

••  .^^—  da  FoU  morooco,  gilt  edges 

«  With  Lexicon,  by  T  S.  Or*en.     Half-booad, 

••  .do.     Full  morocco,  g^i  edg«i 

••  do.     With  CnoonUnoe  and  Lexicon.     Half  nor.. 

**  do      Limp  morocco , 

•»                      THE  ANALYTICAL  GREEK  LEXICON  TO  THE  I 
TESTAMENT.    In  which,  by  iir,  Vi,'.  ,'  ,  m,-,!  ott-, 
is  found  every  word  in  the  Grei 
it  ajipfiirs — that  is  to  •ay.  erer 
tenac  or  mood  of  verbs,  every  ki 
noiuu,  &c.,  18  plnced  in  it«  alph;. 
by  a  ciircfnl  grammaticiU  analyuii  ami  reirn.  a  to  n 
that  no  uncertainty  oa  to  the  grammatical  xtmctiirc  nf  i 
word  can  perjjlex   the  bejfinner,  \"i<      ..-.iv.'il   ..'    i*"  pr 
grammaLicjil  foroe  of  any  wopI  I  ■;  trt.  W 

is  able  immediately  to  apply  )>'-  Ki 

meaning  of  the  root  with  aocarooy  auu  aiiiikltu;tiua. 
Buinll  4to,  holf  bound. 

*                      OREEK-ENduSB    LEXICON    TO    TESTAMENT. 
T.  S.  Green.     Half  morc-«o I 


CREEN. 


LrrrERis. 


HEBREW. 

A  GRAMMAR  or  THE  HEBREW  T 

cnpious  Appcndixea.      By  W    H.   Gr. 
Princet  n  TheolotKcal  Seminary.     1  i 
AN     ELEMENTARY    HEBREW     C 

Tallies.  Ili'.vliiig  nx<Ti;i.*.wi.  itfid  Vt»oal>ii!ii 
G rvoD,  D. D.     1  vol    iL'nio,  clnth , 


A  lLT/7  TT 


r«i.C  ia 

.  taj 

.^pn.'■r«AR. 

J       1-y  Pni<.  W.I 

♦fl 


HEBREW  CHRB8TOMATHY;  or.  Lcwona  in 
Writing  Hebrew.     By  PtoL  W.  H.  GrMjn,  D.D.     1 

clolh 

A  NEW  AND   BEAUTXrUL   T' 

BREW  BIBLF,     !^o^^.«^  nml  h«I 


r 


••TU, 


CUAi&iiicv  for  luriffniu 


-/.«.  iT.  J    a    Wl-t  Ai/iJ.^  ij/lV  1 
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:STER'S  BAOSTBR'S    COMPLETE    EDITIOM    OP    OB9ENTO9' 

CESENIUS.  HEBREW  AND    OHALDEH   LEXICON.       In    large 

dear,  and  perfect  typo.      TriiuHlated  aad  edited  with  addi- 
tions and  corrections,  by  S.  P.  Tregelles,  LL.D. 
In  tiii<  dltlon  itmil  cam  hiu  bcvn  taken  to  guard  the  itudent  from  Naologlaa 

Imdttnoinii  by  miiljiiflc  ri^mark*  whc'aevttr  oeedod. 
**Tbe  clil^'^lI  reviml  to  which  the  Lpxioon  baa  tieen  mbjcoted  by  a  faltbtal  anit 
Orthudox  traunlator  rxoeetlinglj  fahaocea  the  pracUofcl  ralne  of  this  editiMi.* 
— SMttburg^  Ka^vMatUxU  JohduiL 

Small  4to,  half  bound |7  30 

iACSTER'S  NEW  POCKET  HEBREW  AND  ENOLISH  LEXICON. 
The  arrangcmciit  of  this  Manual  Lexicon  combines  two 
thin^ — the  i-tymologrical  order  of  roots  and  the  alphabetical 
order  of  words.  This  arrangement  tends  to  lead  the  learner 
onward;  for,  as  he  becomes  more  at  home  with  roots  and 
derivatives,  he  learns  to  turn  at  once  to  the  root,  without  first 
■earchlng  fur  the  particular  word  in  its  alphabetic  order.  I 
ToL  13mo,  doth |3  00 

"Thla  U  tbo  tnoht  Unuciful,  unJ  at  thp  uiine  time  the  moat  correct  and  pcifect 
llaaual  Elet.xcir  Loxioon  wc  have  ersr  vaBA.**~*BcUciic  Review. 

IRON.   METALLURGY,  &c. 

BOdEMANN.  A  TREATISE  ON  THE  ASSAYING  OF  LEAS,  SILVER, 
COPPER,  GOLD,  AND  MERCURT.  By  Bodemanii  & 
Keil.     Translated  by  W.  A.   Goodyear.     1  vol.  12mo,  $2  50 

CROOKES.  A  PRACTICAL  TREATISE  ON  METALLURG7-    Adop- 

ted from  the  last  German  edition  of  Prof.  Korl's  Metallurgy. 
By  AVilliam  Crookes  and  Ernst  Rohrig.     In  three  vols,  tliick 

8vo.     Price $30  (K) 

Separately.  VoL  1.  Lead,  Silver,  Zinc.  Cadmium,  Tin,  Mer- 
cury, Biarauth,  Antiinonv,  Nidiel,  Arsenic,  Gold,  Platinnm, 

and"  Sulphur .' ^10  (W) 

Vol.  3.   Copper  and  Iron , 10  IK) 

Vol.  3.   Steel,  Fuel,  and  Supplement 10  00 

FAIRBAIRN.  OAST  AND   WROUGHT  IRON   FOR    BUILDING.     By 

Wm.  Fairbaiin.     8vo,  cloth .$2  00 

FRENCH.  HISTORY  OP  IRON  TRADE,  FROM  1621  TO  1857.    By 

B.  F.  French.     8vo,  doth ^2  00 

KIRKWOOD  COLLECTION  OF  REPORTS  (CONDENSED)  AND 
OPINIONS  OF  CHEMISTS  IN  REGARD  TO  THE 
USE  OF  LEAD  PIPE  FOR  SERVICE  PIPE,  in  the 
Distribution  of  Wrvter  for  the  Supply  of  Cities.  By  I.  P. 
Kirkwood.  C.E.     8vo,  cloth |1  .50 

LESLEY.  THE  IRON  MANUFACTURER'S  GUIDE  TO  THE 
FURNACES,  FORGES,  AND  ROLLING-MILLS  OP 
THE  UNITED  STATES.  By  J.  P.  Lesley.  With  map* 
and  plates.     1  vol.  8vo,  cloth. fS  00 

MACHINISTS-MECHANICS. 

FITZGERALD.  THE  BOSTON  MACHINIST.  A  complete  School  for  the 
ApY)reiitioo  and  Advanced  Machinist.  13y  W.  Fitzgerald.  1 
vol.   Itimo,  cloth 40  71, 

HOLLY.  SAW   FILING.     The  Art  o^  Saw  FUinff  Scientifically  Tn^vt 

and  Explained.     With  Directions  for  putting  in  order  all  Idnda' 
of  Saws,  from  »  Jeweller's  Saw  to  a  Steam  Saw-milL     lUuo- 
trated  bv  fortv-four  enjrrnvinfrs.     Third  edition.     By  H.  W. 
Holly.     1  vol "  l«mo.  cloth %D  75 

KNIGHT.  THE  MECHANISM  AND   ENGINEER  INSTRUCTOR. 

Oomprl-rfng  Forfring.  Planing.  Lining,  Slotting,  Sli.ipuig. 
Turning,  Screw-Cuttirij,'.  etc.,  et<;.  Bv  LViraeron  Knight.  I 
wol.  4to.  huif  morocuo. ...  .|to  OC 
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lotta  iriLEY  *  soke's  Lirr  of  pi'slicatio^s. 


runNINC,  ftc.      LATBE,  THE,  AND  ITS  USES,  ETC.;  or,  IiutnwiteJ 
the  Art  of  TurttinK  Wood  and  Metal,     ludodraf  •  ieM^ 

(joa  uf  the  most  irtu-iliirii  uppli^Loccg  f^ii  thv  otnAmoitatufll 
plane  liod  curved  aurtae^a,  with  a  de«cniptioD  «l»o  d  I 
eatitelj  nurel  foiui  of  Lntfie  tor  Ecoentiic  and  Boat  >  od 
Tumin^,  a  Iiktho  twd  Turning  Ma(!iii&«  cambmed,  lalM 
•VKluttble  matter  relntiiig'  to  tlte  Art  1  toL  I^to,  oafiotj 
iUuatrated,  Inclailinj^  Surp^ement.  8Td,  clatli....,,f^) 
**  Tllr  moat  conqilate  in»k  on  tlte  woisiadt  ersi  pobtlabcdL" 

M'tftlu  Ttiiiet. 

TURNtNC,  &0.      SUPPLEMENT   AKJ>    INDEX    TO    LATHE   AHS  1 

nSES.     Large  ijjui.     l'a(.»eT.  tjTo $i 

WILLIS,  PRINCIPLE?  OF  MECHANISM.     De^aed  f or  tbc ^ 

KtuduDtd  in  thf>  riiivcrBttie^  and  tor  Engiseexiiif  Stodii 
gi-nemUy.     By  B  l»n  W'Ulis.  M.D  ,  F.U.S.,  VrmuieotiH 

lidiuih  AsHtxiiiitiO'  I  for  the  AttvajaiRement  of  Sciesoe,  &e. ,  i 

Sticand  editJcm,  ^Dlar^d.      1  voL  bvo,  cIoUl fl 

■«*  it  uiigUt  to  tH  In  L-T«f7  lartce  Mac-hlnv  Workabop  Clflka^  In  efiySi^ 

UwhauUH,  li>:.--P[uf.  a.  EDWAIU>  WAlliiSN, 


MANUFACTURES.  | 

BOOTH*  NE"W  AND  OOMPLETE  HIOCE  AXfli  WATJl 
MAKBKS'  MANUAIh.  Coiuprisdiig  dcKTiptiow  of  j 
variotKi  geajiugs,  wcapementis.  aud  CompeDSBtamu  do« 
use  ib  I  rcndi,  Swua.  imA  EngluL  clMiks  nna  watcbA.  VvM 
TooU,  etc.,  with  dit^etiona  fi>r  ukaaiiie  and  rvpairiii^.  V 
Bomeroiui  ea^mtixgi.  Compiled  from  the  Freni^,  witk 
Apptjiidix  coiitfliaing  a  tlist^iij  at  Clock  «nd  Watch  ttakii| 
AJuerica.  Bj  iUuy  L.  Gootk,  Witb  nuisenooB  pi«t>«. 
TaL  ISmo,  dath.... , pL 

CEIDARO,  HANDBOOK    ON    COTTON    MANUFACTURE;    oe. 

Guide  to  Machine-Building-,  Spinning',  and  We*'»i 
With  pnkctical  exiuuplea,  all  uceJfal  calculatioiis.  aodm 
iwefnl  and  impol^nt  tablfts.  The  whole  inteoiled  tc  bi 
complete  yet  conii^act  anthority  for  the  manufactiuc 
ootton.  By  Jomea  Geldord.  With  at««l  engitLviuga,  1  i 
l3njo,  doth fS 

MEDICAL,  &c, 

eULl^  mNTS  TO  MOTHERS  FOR  THE  MANAaEMENT  I 

HEALTH  DURINO  THE  PERIOD  OF  PRE 
NANCY,  AND  IN  THE  LTING-IN  ROOM.    With 

exposure  of  populnr  errors  in  connection  with  those  sobjei 
By  Thomas  Bull,  M.  D.     t  vol    ISmo,  cloth |l 

FRANCKE  OUTIilNES  OF  A  NEW  THEORT  OF  DISEASE  np^ 

to  Ilydropfithy,  showing  that  water  i«  the  only  traa  ivmc 
With  obecrvationn  on  the  erron  committed  m  the  pTocUvi 
Hydropathy,  notes  on  the  cure  of  eholem  by  cold  wawr,  i 
a  critique  on  Priessnitz'a  mode  of  treqtm^ut.  Intend<'d 
popular  use.  By  the  Inte  H,  Frandte.  Tninsliited  frotn 
Genuati  by  Ilobert  DlaJde.  M.D.     1  vol    ISino.  cloth.  ..|1 

GREEN,  A  TREATISE  ON  DISEASES  OP  THE  AIR  PAESAai 

CoinprkiiiK  an  inqoiry  into  th«j  HiBtory.  l*athfihiB>.  C»ui 
and  'rrcatirtfnt  of  those  Affections  of  Oi*  Tbtoiit  callt-d  Bi 
chitin,  Cbraiiic  LoiTii^tiB.  Clergyman's  Sor^  Throat,  ete.  ■  ( 
By  Horace  Green  11.  D.  Fourth  edition,  rf  v  bt  d  and  eoliui 
1  vol.  8to,  cloth. ,   $3 

«  A  PRAcnCAL  TREATISE  ON  FULMONj^  HIT  TUB! 
CniiOSIS,  embracing  il^  KUtoiy,  Pntholi'f^.  and  Tn 
mi>at  By  Ilomoe  Gra^u,  M.D.  Colored  pla.t«ai.  I  vnl  i 
etoth. ,. .... tl 
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0REE»4. 


TILT.    • 

VON  OUSEN. 


BRUSH. 
OANA. 


DANA  &  BRUSH. 
DANA. 


OBSERVATIONS  ON  THE   PATHOIiOOY  OP  CROUP 

\\'\lU  Iteiiiiirkri  oil  its  Treatment  hy  Topical  Mcdicaliona     Hy 
Honio*!  (iri.-eQ,  M.  I).      1  vol.  Svo,  cloth ^l  25 

ON  THE  SURGIOAX  TREATMENT  OP  POLYPI  OF 
THE  LARTNX,  AND  CEDEMA  OP  THE  QLOTTIB. 

By  Uuruou  Urcun,  M  U.     1  vol.  Svo $1  25 

PAVORITE  PRESCRIPTIONS  OP  UVINO  PRACTI- 
TIONERS. With  11  Ti:>xicolo(,'icul  Table,  exbihitii^,'  the 
Symptoius  of  FuLitiuiiig,  llie  Autiilotes  fur  t-aob  Poittou,  aud 
the  Test  jiroper  for  their  dutectiuia.  By  Horace  Green.  1 
voL  8vo,  cloth ^50 

ON  THE  PRESERVATION  OP  THE  HEALTH  OP 
WOMEN  AT  THE  C^ITIOAL  PERIODS  OP  LIPB. 

By  E.  G.  TUt,  M, D.      1  vol.  ISruo.  cloth i(.i)  r,0 

QUSTAP  VON  DUBEN'S  TREATISE  ON  MIORO- 
SOOPICAL  DIAONOSIS.  ^ViLll  71  enirraviiit^a.  Trans- 
lated, with  additions,  hy  Prof.  Loais  B:iuer,  M.D.  I  vol.  8vo, 
Olotb $1  00 

MINERALOGY. 

ON  BLOW-PIPE  ANALYSIS.     By  Prof.  Qeo.  J.  Bruaii.'  <.ln 

prepomtiou. ) 

DESCRIPTTVE  MINERALOGY.  Comprising  the  most  re- 
cent DisKwveries.  Fifth  edition.  .Almost  entirely  re  written 
and  greatly  eularg«l.  Guiitjuniiij^  ntyirly  !)(>0  pages  Mvo.  and 
upwards  of  (JOO  wood  enjfraviuga.  By  Frot.  J.  l>iina. 
Cloth t'O  00 

**We  hikve  niol  a  good  mnny  workK  uii  Miuornl'iic;)'.  bnt  have  met  with  non*'  that 
Lffciii  to  ciinipiir«  with  itiU  In  fiiliiLw  n'  ilmi.  tlcuil,  anil  I'xouutiuii." — 
Anurtt-au  UounnU  o/ sUinitti/- 

APPENDIX  TO  DANA'S  MINERALOGY,  brintpuK  the 
work  down  to  \HTi.     By  Prof.  G.  J.  llnish.     3vo :fO  .lO 


1    vol.      (In   prcfta- 
1   voL      (la   prepo- 


BAILEY. 
CARLYLE. 

CATLIN. 

CHEEVER. 


DETERMINATIVB   MINERALOGY. 

ralitiu.) 

A  TEXT-BOOK   OP   MINERALOGY. 

ration. ) 

MISCELLANEOUS. 

THE  NEW  TAI<E  OF  A  TUB.  An  adventure  iu  vene.  By 
F.  W.  X.  B.iiley.     With  ilhi>.tnttioua.      I  vol.  bvo.  ,       .    ^iO  75 

ON  HEROES,  HERO-WORSHIP,  AND  THE  HEROIC  IN 
HISTORY.  Six  Leutures.  Keportod,  with  tiin^udiitioa.s  and 
additions.     By  Thon)iw  Ciirlyle.     I  vol,  I'iino.  cloth. .  .^ti)  "•'i 

THE  BREATH  OP  LIPBj  or,  Mal-Respiralion  and  ita 
Etiect3  upon  the  Ei^oyments  and  Life  of  Mim.  By  Geo. 
Cutlin.     With  niiiiierou.-i  vM>od  engravinijfa.     I  vol.  Svo,  i^O  75 

CAPITAL  PUNISHMENT.  A  Defence  of.  By  Rot.  George 
a  Cheever.  D.  D,     Cloth fO  50 

TTTT.T.  DIFFICULTY,  and  other  Miscellanies.  By  Rev. 
George  B.  Cheever,  D.  D.     1  vol.  12mo,  cloth 11  00 

JOURNAL  CP  THE  PILGRIMS  AT  PLYMOUTH  ROCa 

By  Geo.  B.  Cheever,  1>.  D.      «  vol.  12ino.  cloth f!l  00 

WANDERINGS  OP   A   PILGRIM  IN  THE  ALPS.     By 

Geor^'o  B.  Cheever,  D.  D.     1  vol.  rJiim,  cloth ^1   00 

WANDERINGS  OP  THE  RIVER  OP  THE  WATER  OP 

LIPE.     By   Rev.   Dr.  Geoi-^v  B.    Cheever.      1   vol.    12mo, 

cloth !fl  00 

ON  INFIDELITY.     ISino,  cloth 100 

OP    PAVORITE    STORIES.      Larije    ci.lorod    plotcn      4to, 

cloth. .id  50 
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RUSKIN'S    WORKS. 

Vn(form  in  tUie  ana  ttpla. 

tUSKIN.                MODERN  PAINTZ1R&    5  yola.  tinted  paper,  beveUed  boards, 
plates,  in  box |18  00 

**  MODERN  PAINTBRS.    5  vols,  half  calf 27  00 

••  "  "  "     without  plates 13  00 

*«  •'  "  "  "        half  calf,   30  00 

VoL  1.— Part  1.  OeneTal  Principles.     Part  2.  Truth. 
YoL  2.— Part  8.  Of  Ideas  of  Beauty. 

VoL  8 Part  4.  Of  Many  Things. 

YoL  4.— Part  6.  Of  Mountain  Beauty. 

-  YoL  6 Part  6.  Leaf  Beauty.     Part  7.  Of  Cloud  Beauty.     Part 

8.  Ideas  of  Relation  of  luTontion,  FonnaL    Port  9.  Ideas  of 
Belation  of  Invention,  SpirituaL 

••  STONES  OP  VENICE.  8  vols.,  on  tinted  paper,  hovelled 
boards,  in  box $7  00 

••  STONES  OF  VENICE.  3  vols.,  on  tinted  paper,  half 
calf. |12  0« 

•»  STONES  OP  VENICE.    3  vols.,  doth 6  0« 

VoL  1. — The  Foundations. 
Vol.  2.— The  Sea  Stories. 
VoL  3.— The  FalL 

*  SEVEN  LAMPS  OP  ARCHITEOTORE.    With  illustrations, 

drawn  and  etched  by  the  anthoiai     1  voL  13mo,  cloth,  $1  75 

•*  LECTURES  ON  ARCHTTECTORE  AND  PAINTINa. 
With  illustrations  drawn  by  the  author.  1  voL  12rno, 
clottL $1  50 

*•  THE  TWO  PATHS.  Being  Lectures  on  Art.  and  its  Appli- 
cation to  Decoration  and  Manufacture.  With  plates  and 
outs.     1  voL  12mo,  cloth $1  25 

at  XHE  ELEMENTS  OF  DRAWma.  In  Three  Letters  to 
Beginners.  With  illnstrationB  drawn  by  the  author.  1  voL 
12mo,  cloth. $1  00 

*•  THE  ELEMENTS  OF  PERSPECTIVE.  Arranged  for  the 
use  of  Schools.    1  voL  12mo,  cloth $1  00 

N  THE   POLITICAL  ECONOMY   OF  ART.     1  voL    12mo, 

doth. $1  00 

«  PRE-RAPHAEUTISM. 


NOTES  ON   THE    CONSTRUCTION  OF 
SHEEPFOLDa 


1  vol.  12mo, 
doth,  |1  00 


KING  OF  THE  GOLDEN  RIVER;  or,  The 

Black  Brothers.    A  Legend  of  Stiria. 

mSKIN  SESAME  AND  LHJBS.    Three  Lectures  on  Books.  Women, 

Ac.    1.  Of  Kings'  Treasuries.    2.  Of  Queens'  Gardens.     3. 

Of  the  Mystery  of  Life.     1  vol.  12mo,  cloth $1  50 

«  AN  INQUIRY  INTO  SOME  OF  THE  CONDITIONS  AT 
PRESENT  AFFECTma  "THE  STUDY  OF  AR- 
CHITECTURE" IN  OUR  SCHOOLS.  1  vol.  13rao. 
paper. .'j;0  M 

••  THE  ETHICS  OF  TBCB  DUST.  Ten  Lectures  to  Little 
Housewives,  on  the  Elements  of  Crystallization.  1  voL 
12mo,doth. $1  -'S 

**  **  UNTO  THIS  IiAST."  Four  Essays  on  the  First  Prinniples  of 
Politiaal  Eooaomy.    1  vd.  12mo,  doth |1  00 


tni 


tOttS    n^lLEV    &    BO!i  8    LIST  OF    PUBLICATIOSfL 


RUSKIN  THE!  CROWN  OF  WILD  OUVB.    Three  Locttnwoa  Wericj 

TtiUHc,  and  War.     1  vol .  U'liio   cloth |1  t\ 

•'  TZMB  AVTD  TIDE  BY  W£ABB  AND  TTNG.     T» 

five  Letters  to  a  WoikaigT»:ui  ou  the  Law*  ul  Work.     1 

12mo.  cloth fl 

THE  QTTEEN  OF  THE  AIR.     Bcin*  a  Study  <rf  ili«<  G> 

Myths  of  Cloud  mid  Storm.     1  toL  I2ma,  cioOi   , . , , ,  ,f  1 

LECTURES  ON  ART.    1  Tol  I2mo,  cloth 1  Bli 

rO^S  CLAVIOERA.     Lettcts  to  the  Workm.  n  rvi«1  UbvuMrl 

of  Great  Llntalu.      Part  I.     1  to!  itr>,  ft  M 

FORS  OLAVIGERA.    Letten  to  tli.  LaMrao 

of  Ureiit  riritain.      Part  2.      1  voL  l^mo,  oio'  ■ '.   <0 

■  MUNERA    PULVERXS.      Six    Eai»ya   od   1)  •■■    d 

Political  Ecouoiuj.     1  vol.  ISmo,  cloth. f  1  (0 

^  ARATRA   PENTEIiICI.     Six  LectuTM  oti  th«  BcfDMsu  af 

Sculpture,  given  beforu  tlie  Unireisity  ol  Oxf  onL     Bjr  J(4a 

RuBkiii.      lanio.  cloth,  |l  fiO,  or  vrith  pUt«&    f 8  <• 

*                       THE    EAGLE'S   NEST.    Tea  L«ctur«a  on  llt«  t«UUi«  «t 
Natuml  Scicncfi  to  Alt.     1  toL  12mo |]  M 

BEAUTIFUL  PRESENTATION  VOLUMES. 

PfitO^  on  itnud  yaptr^  aitd  ei^i^tnt*}/  linuful  in  erapf  cJotik  t^pr%  bnM^  tit^lt'iM  | 

RUSKIN.  THE    TRUE    AND    THE    BEAlJTrrUL    !~ 

ART,  MORALS,  AND  RELIGION.     .S. 
Works  of  John  linnkiii,  A.M.     With  «  nocin«  oi  iiic  kut6«r  I 
Mr«.    L.   C.  TutfaiU.     Portraits     1    toL  12nio,    clotk, 

^M;   cloth  extrr.    .nit  l, .51,1 

"  ART  CULTURE.  f  the  Law«  of  .v  ij 

the  Works  of  JoLl    :.  jind  tx-immlr.i 

Piatt,  for  the  nse  of  >  1    ':   1 

g«ncinl  public.     Abeautilui  mIuui.-.  w 
1  vol.  rirao,  cloth  I  shortly). 

PRECIOUS   THOUGHTS!    Moral  and   B*Jlfiou«. 

from   the   Works   of  John   Itnekin,   A.M.     By  Mr»,   L. 

Tnthill.     1    vol.    tSmo,   cloth,   plain,   |l.5a     Extra 

gilt  L^-nd f? 

SELECTIONS     FROM     THE     WRITINGS     OF     JC 

RUSKIN.    1  nDl.  12mo,  cloth  extr*.  gflt  hmd ft 

SELECTIONS     FROM     THE    WBITINCM     OP     JC 

RUSKIN.     1  voL  Vimo,  plaw  cloth . 

SESAME  AND  LILIES.    1  vnL  12mo. 

ETHICS  OF  THE  DUST.    12ma ,,,. 

OROWN  OF  WILD  OLIVE.    13ido I 


RUSKIN'S  BEAUTIES. 
THE  TRUE  AND  BEAUTIFUL 
PRECIOUS  THOUGHTa 
CHOICE   SELECTIONa 


S  voU. ,  la  box,  dotli  cstza. 

gUthead, ••■'  '*s. 

Jo.,  ho]/  e:.  )| 


RUSKIN'S  POPULAR  VOLUMES. 
CROWN  or   WILD   OLIVE.     SESAME   AND    LXLISa 
QUEEN  OF  THE  AIR.     ETHICS  OP  THX   OUST- 

4  vdIs,  tu  imx.  cloth  oxtni.  gilt  bead. f0  ID 

RUSKIN'S  WORKS. 
ArHKnt  ■■i'ttiji'. 
RUSKIN  VoL  1. -SESAME  AN^^  t  tt  ttx;      ti,,....  i., 

Ruskin,    LL.IX     1 
Giirdi-nH.     -X     Of 


